OXYGEN ENRICHMENT DEVICE TECHNICAL FIELD  The present invention relates to a pressure
swing adsorption-type oxygen enrichment device using an adsorbent which preferentially adsorbs
nitrogen relative to oxygen. More specifically, the present invention relates to a medical oxygen
enrichment device used for oxygen inhalation therapy which is performed for a patient with chronic
respiratory disease and the like. BACKGROUND ART In recent years, the number of patients
suffering from respiratory system diseases such as asthma, pulmonary emphysema, chronic bronchitis
and the like has tended to increase. One of the most effective therapeutic methods for these diseases
is oxygen inhalation therapy. Such oxygen inhalation therapy is that oxygen gas or oxygen-enriched
air is inhaled to patients. An oxygen(EXNCcHENeENRIGERVEERAr AiEgIOkygen from the air, an oxygen
supply device using liquid oxygen or oxygen gas cylinder, and the like are known as an oxygen supply
source usedoC Hxigenlintigiabon therapy. However, an oxygen enrichment device is mainly used for
home oxygen therapy because it is convenient to use and easy for maintenance and management.
An oxygen enrichfibenpdavite isvad@viceciotsupply0xygesuiy separatidg gnibcansentsatig oxygen
that makes up 21% of the air. As such device, there are a membrane-type oxygen enrichment device
that uses arcmwheerenkshmentrmemidandauhichiskipetieetyipdimebie oxygerpandcapressure swing
adsorption-type oxygen enrichment device that uses an adsorbent which selectively adsorbs nitrogen
or oxygen. éxpgessurévBwingadsocplipn-typepmspgeniermichmentlaevide is maddigalsedimecause of a
benefit of obtaining high oxygen concentration of 90% or more.

enrichment device used for oxygen inhalation therapy which is performed for a patient

with chronic respiratory disease and the like.
BACKGROUND ART

In recent years, the number of patients suffering from respiratory system diseases
such as asthma, pulmonary emphysema, chronic bronchitis and the like has tended to
increase. One of the most effective therapeutic methods for these diseases is oxygen
inhalation therapy. Such oxygen inhalation therapy is that oxygen gas or
oxygen-enriched air is inhaled to patients. An oxygen enrichment device separating
oxygen from the air, an oxygen supply device using liquid oxygen or oxygen gas
cylinder, and the like are known as an oxygen supply source used for oxygen
inhalation therapy. However, an oxygen enrichment device is mainly used for home
oxygen therapy because it is convenient to use and easy for maintenance and
management,

An oxygen enrichment device is a device to supply oxygen by separating and
concentrating oxygen that makes up 21% of the air. As such device, there are a
membrane-type oxygen enrichment device that uses an oxygen enrichment membrane
which selectively permeate oxygen and a pressure swing adsorption-type oxygen

enrichment device that uses an adsorbent which selectively adsorbs nitrogen or oxygen.



The pressure swing adsorption-type oxygen enrichment device continuously produces a highly
concentrated oxygen gas by repeating an adsorption step and a desorption step. In the adsorption
step in which un-adsorbed oxygen-enriched gas is obtained, nitrogen is adsorbed under pressurized
conditions on an adsorbent which selectively adsorbs nitrogen relative to oxygen such as 5A, 13X,
Li-X type molecular sieve zeolites filled in an adsorption cylinder to which compressed air is supplied
by a compressor. In the desorption step in which the adsorbent is regenerated, nitrogen adsorbed on

the adsorbeRtysdasariehyledlain e B@%ﬂ@nﬁc‘iﬂﬁéﬂ@HQ%@E@%&%&B@&%Q%@ pressure

or less by evacuation. [Prior Art Documents] [Patent Documen Document 1: Japanese

Unexamined Batent ARpiatian Rublisaion Mo 2AR8ha 1A%y, or Bajent Document 2: Japanese

Unexamined Patent Application Publication No. 2002-253675 SUMMARY _OF THE INVENTIOI_\I
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device using an adsorbent, when raw material air supply volume from a compressed air supply means

such as a comRiRS30x anshibe iR anden adSeERlIPR PEOCRSR SEAYECE AR ARISERL tha axygen
concentration of the obtained product gas generally changes depending on environmental temperature
and supplied A {ABRGRBIHrerT e SeREPEUHMep in which un-adsorbed oxygen-enriched gas is
obtained, nitrogen is adsorbed under pressurized conditions on an adsorbent which
selectively adsorbs nitrogen relative to oxygen such as 5A, 13X, Li-X type molecular
sieve zeolites filled in an adsorption cylinder to which compressed air is supplied by a
compressor. In the desorption step in which the adsorbent is regenerated, nitrogen
adsorbed on the adsorbent is desorbed by reducing the pressure in the adsorption
cylinder to atmospheric pressure or less by evacuation.
[Prior Art Documents]
[Patent Documents]
Patent Document 1: Japanese Unexamined Patent Application Publication No.
2006-141896
Patent Document 2: Japanese Unexamined Patent Application Publication No.
2002-253675
SUMMARY OF THE INVENTION
[Problems to be Solved by the Invention]

In the pressure swing adsorption-type oxygen enrichment device using an
adsorbent, when raw material air supply volume from a compressed air supply means
such as a compressor and the like and an adsorption process sequence are constant, the
oxygen concentration of the obtained product gas generally changes depending on

environmental temperature and supplied air temperature.  This depends on



temperature characteristics of the adsorbent relating to selective adsorption ratio of nitrogen or
oxygen. As for molecular sieve zeolites such as Li-X type, MD-X type and the like, when the
environmental temperature is high, amount of nitrogen adsorbed by the adsorbent is decreased. And
thus nitrogen breakthrough occurs in the adsorption step to decrease the product oxygen
concentration when a sequence optimized at room temperature is used. When the environmental
temperature is low, the nitrogen adsorption ratio of the adsorbent increases. However, the oxygen
concentratiaBahine RLOMIRLBRR JRESR5RS S IRdPuTARN RiTeqen desanlion, begayss the
nitrogen adsorption rate is decreased in the desorption step.” 'In recent years, as shown In Patent
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changing capacity of a pressed air supply means such as a compressor ‘and the like 1h response

to S“”OU”diQ;Qd%é!i{&@%ﬁl@ﬁ"th%’@f?@ﬁ%%%nﬂ%&‘b%‘i«a?ﬂ?ﬁsﬁ{% Qgeelag&gg&ed into the

FoUGRLING: Al
adsorption cylinder is required to be as high as possible in an x’ygeﬁ enrrll)chmre%t evice using such

method, a probla ahieausing cieaselmPouLLans ANERA! e ARYGEAraEs AsspCialed with

increase in the capacity of compressed air supply of the compressor.  When such medical oxygen

enrichment deyice isiuSed alNQmgeas ikl for Glectie RAYEE NRSERSRIL QARG atethe dRyice is

charged to a patient, the power consumption is strongly required to be decreased. n order to lower

the power copgWmRHCN {86 RERSRHERPWINY RUSOTRHRR rREAWHIRMERHFRRREARMSE |3 method has

been proposed for detecting the concentration of a product gas (oxygen gas) and controlling rotation

rate of an elglrigiial URREBEAN AILSUPPINE'GRSSHAESARASRAC therdriadiediresylisdbatent
Document 2).  Patent Document 2 describes a pressure swing adsorption-type oxygen enrichment

device which gealizesiadovt IRCIHIC ARWRSANSWRRLOBRY changing e sHRB:caRasHy: Rk

compressed air supply means such as a compressor and the like in response to the detected value of

an oxygen-esyighesigasiabasxygepeonaeniiaienseleclion-meanpbipwgyer, as in the device
described in Patent Document |, compression capacity of the compressed air supply means is required

to be Increased wigRdhig §BMEOAMBIRAIGMRELATUNS daEbANYes ndRbinHSREARIeIpAdgas, for
example, such that an increase in the power consumption of the device is required.  In such device,

by controlling tieh meiatignsateatapdelestie latRuiedhyioiaindhe exyaaty eancantmianata certain

value, lower power consumption is realized at an operation stage earlier than a conventional oxygen

enrichment gdawite: prmelysidiendhe eygsrRRRAUsHOMeapReiis Righhhecaysawtfavaraple
operational environment or favorable conditions of component parts of the device, power consumption

is reduced bynsiippressinioiEngeapaeity ofdleal; steplyrasans oditeviien the axydassaraduction
capacity becomes lowered because of worsening of the operational environment of the device due to,
for example thighisemppenasyiaden|t temissdis eand thth kepossideanse ahdeteriosatiameiithe
component parts of the device, the supply performance of the air supply means is increased. However,

it was difficultetdomainitajsupioduction affiighityconcanitaiddexygein iporesponsaiitpabangakof the
adsorption performance of the adsorbent due to the change in the environmental temperature, only by
controlling thizairesapply meanstett wik aisceaifficuthito caphisue clbstgntisdbd laivenmewert chasumption.
COMPIessor.
When such medical oxygen enrichment device is used at home, as a bill for
electric power necessary to operate the device is charged to a patient, the power
consumption is strongly required to be decreased.
In order to lower the power consumption for a pressure swing adsorption-type
oxygen enrichment device, a method has been proposed for detecting the concentration

of a product gas (oxygen gas) and controiling rotation rate of an electric motor used as

an air supply means in response to the detected results (Patent Document 2).



[Means for Solving the Problems] To solve such problems, the present inventors found the present
invention described below.  An object of the present invention is to provide a pressure swing
adsorption-type oxygen enrichment device comprising: a plurality of adsorption cylinders filled with an
adsorbent which selectively adsorbs nitrogen relative to oxygen; a compressor for supplying raw
material air to the adsorption cylinders; an adsorption step for supplying compressed air to each of the
adsorption cylinders and extracting an oxygen-enriched gas by sequentially switching flow channels

between the compgﬁﬁorﬁd}qlﬁgﬁp (?’ tragsgggggpt&o;bpéggaggrss'vg.iﬁlgs%gg%ighqR,E,%r q)gg;g%%surizing
each of the adsorption cylinders and regenerating the adsorbent;
enrichment device which realizes a low electric power consumption by changing the
supply capacity of a compressed air supply means such as a compressor and the like in
response to the detected value of an oxygen-enriched gas of an oxygen concentration
detection means. However, as in the device described in Patent Document 1,
compression capacity of the compressed air supply means is required to be increased
when the environmental temperature is changed, and thus a problem arises, for
example, such that an increase in the power consumption of the device is required.

In such device, by controlling the rotation rate of an electric motor to maintain
the oxygen concentration at a certain value, lower power consumption is realized at an
operation stage earlier than a conventional oxygen enrichment device: namely, when
the oxygen production capacity is high because of favorable operational environment
or favorable conditions of component parts of the device, power consumption is
reduced by suppressing the capacity of the air supply means, and when the oxygen
production capacity becomes lowered because of worsening of the operational
environment of the device due to, for example, high temperature, cold temperature and
the like, or because of deterioration of the component parts of the device, the supply
performance of the air supply means is increased. However, it was difficult to
maintain production of highly concentrated oxygen in response to changes of the
adsorption performance of the adsorbent due to the change in the environmental
temperature, only by controlling the air supply means. It was also difficult to achieve

substantially lower power consumption.

[Means for Solving the Problems]



a pressure equalizing step for communicating each of the adsorption cylinders; a flow-channel
switching means for repeating a purge step in a specific timing, in which highly concentrated oxygen
from the adsorption cylinder in the adsorption step is introduced into the adsorption cylinder in the
desorption step; a flow setting means for supplying the oxygen-enriched gas to a user at a specific
flow rate; an oxygen concentration sensor for detecting an oxygen concentration of the
oxygen-enriched gas produced by the oxygen enrichment device; a temperature sensor for measuring

2 temperature of fye dgvicg; e, Bluge SieP SANA! MSRRRINERAIHEIS,AIEROU Al fipkroe step

so as to maximize the oxygen concentration by changing opening/closing timing of the flow-channel
switching mgans; whg@p output value of the oxygen concentration sensor is lower

An object of the present invention is to provide a pressure swing adsorption-type
oxygen enrichment device comprising;
a plurality of adsorption cylinders filled with an adsorbent which selectively adsorbs
nitrogen relative to oxygen;
a compressor for supplying raw material air to the adsorption cylinders;
an adsorption step for supplying compressed air to each of the adsorption cylinders and
extracting an oxygen-enriched gas by sequentially switching flow channels between
the compressor and each of the adsorption cylinders;
a desorption step for depressurizing each of the adsorption cylinders and regenerating
the adsorbent;
a pressure equalizing step for communicating each of the adsorption cylinders;
a flow-channel switching means for repeating a purge step in a specific timing, in
which highly concentrated oxygen from the adsorption cylinder in the adsorption step
is introduced into the adsorption cylinder in the desorption step;
a flow setting means for supplying the oxygen-enriched gas to a user at a specific flow
rate;
an oxygen concentration sensor for detecting an oxygen concentration of the
oxygen-enriched gas produced by the oxygen enrichment device;
a temperature sensor for measuring a temperature of the device; and
a purge step control means which controls a length of a purge step so as to maximize
the oxygen concentration by changing opening/closing timing of the flow-channel

switching means, when an output value of the oxygen concentration sensor is lower



than a specified value, or the output value of the temperature sensor is out of a specific temperature
range.  Another object of the present invention is to provide the oxygen enrichment device having
such purge step control means, wherein: an oxygen concentration of the oxygen-enriched gas just
before a control for changing the length of a purge step is started is used as a reference concentration,
a control for increasing the length of a purge step by a specific length and detection of the oxygen
concentration after the control are performed, the reference concentration is replaced by the oxygen

concentratioffiet 30 lIR0GR LAl AR BB SRR AR PGENAIGN ipcreased.

and controls for increasing the length of a'purge step and detection of the oxygen concentration are
repeated ungll the,oxygemmeencentration is decreased compared to the reference concentration (this
point is referred to as PI point below); the oxygen concentration at Pl point is used as a reference

concentration,  Another object of the present invention is to provide the oxygen enrichment

device having such purge step contro! means, wherein:

an oxygen concentration of the oxygen-enriched gas just before a control for changing
the length of a purge step is started is used as a reference concentration,

a control for increasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for increasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred to as P' point below);

the oxygen concentration at P' point is used as a reference concentration,

a control for decreasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred to as Q' point below);

the oxygen concentration at Q' point is used as a reference concentration,

a control for increasing the length of a purge step by a specific length and detection of

the oxygen concentration after the control are performed,



a control for decreasing the length of a purge step by a specific length and detection of the oxygen
concentration after the control are performed, the reference concentration is replaced by the oxygen
concentration after the change of the length of a purge step if the oxygen concentration is Increased,
and controls for decreasing the length of a purge step and detection of the oxygen concentration are
repeated until the oxygen concentration is decreased compared to the reference concentration (this
point is referred to as Qi point below); the oxygen concentration at Qi point is used as a reference

concentratiqf. 34eRifEL [RRGHRARAG {he laBai 9 R RHIgS AlER Y. ArsRG R it engibiand.dstection of

the oxygen concentration after the control are pefformed, the reference concentration is replaced by

the oxygen eRnesRiRlPR Rfiet the,SPaRasQ kLS IRnaH9fa-RYTge SRS {hg oxygen concentration is

increased, and controls for increasing the length of a purge step and detection of the oxygen
concentration @ ke ReAR Malhha X gRIcaRcentiation isdleairrsRicamPaiedo g seference

concentration (this point is referred as R1 point below); and
concentration are repeated until the oxygen concentration is decreased compared to the

reference concentration (this point is referred as R' point below); and
the midpoint between points Q' and R' is determined as an optimal length of a purge
step.

Another object of the present invention is to provide the oxygen enrichment
device having such purge step control means, wherein:
an oxygen concentration of the oxygen-enriched gas just before a control for changing
the length of a purge step is started is used as a reference concentration,
a control for decreasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,
the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and
controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred as P? point below);
the oxygen concentration at P point is used as a reference concentration,
a control for increasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,
the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for increasing the length of a purge step and detection of the oxygen



the midpoint between points Q' and RI is determined as an optimal length of a purge step.  Another
object of the present invention is to provide the oxygen enrichment device having such purge step
control means, wherein: an oxygen concentration of the oxygen-enriched gas just before a control for
changing the length of a purge step is started is used as a reference concentration, a control for
decreasing the length of a purge step by a specific length and detection of the oxygen concentration
after the control are performed, the reference concentration is replaced by the oxygen concentration

after the changecAfis 1ENGLALARUISN HERLIE QIR FANGPRRIRD B dTiRASRA @l controls for

decreasing the length of a purge step and detection of the oxygen concentration are repeated until the

oxygen congcentrafian is deeraasedireomnared iqdhed slarenas s yagapiration (this point is referred as

P2 point below); the oxygen concentration at P2 point is used as a reference concentration, a control
for increasingdhg Jspg b Al ARAIGE AleR kY dsheHMiciangth and-driectinreal s Rxygen concentration

after the control are performed,

a control for decreasing the length of a purge step by a specific length and detection of
the oxygen concentration afier the control are performed,
the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and
controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred as R* point below); and
the midpoint between points Q® and R’ is determined as an optimal length of a purge
step.

Another object of the present invention is to provide the oxygen enrichment
device having such purge step control means, wherein:
an output value of the temperature sensor at the time of startup of the oxygen
enrichment device or at the time of change in a set flow rate is registered as a reference
temperature, and the length of a purge step determined by the reference temperature is
set/controlled as a default value, and
an output value of the temperature sensor at the time of startup of the oxygen
enrichment device or at the time of change in a set flow rate is registered as a reference
temperature, the length of a purge step is reset to a length of a purge step that is
predetermined based on the output value of the temperature sensor when the detected
value of the temperature sensor is changed more than a specified value compared to

the reference temperature.



the reference concentration is replaced by the oxygen concentration after the change of the length of a
purge step if the oxygen concentration is increased, and controls for increasing the length of a purge
step and detection of the oxygen concentration are repeated until the oxygen concentration is
decreased compared to the reference concentration (this point is referred as Q2 point below); the
oxygen concentration at the Q2 point is used as a reference concentration, a control for decreasing the
length of a purge step by a specific length and detection of the oxygen concentration after the control

are performed. the (slgienas.congentafianda rarlaseshx e SGEn aanGepalian afierdhe change

of the length of a purge step If the oxygen concentration Is inc ols for decreasing the
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concentration is decreased compared to the reference concentration (this point is referred as R2 point
below); andiength of a purge step is variable, wherein:
if the length of a purge step reaches a limit of the range in which the length of a purge
step is variable without detecting a P point at which the oxygen concentration is
decreased compared to the reference concentration, or
if the length of a purge step reaches a limit of the range in which the length of a purge
step is variable without detecting a Q point at which the oxygen concentration is
decreased compared to the reference concentration after detecting the P point,
the attained limit of the range in which the length of a purge step is variable is
determined as an optimal length of a purge step.

Another object of the present invention is to provide the oxygen enrichment
device having an oxygen flow rate sensor for detecting a flow rate of the
oxygen-enriched gas produced by the oxygen enrichment device, wherein
the purge step control means performs control for stopping or suspending of executing
the change of the length of a purge step when the flow rate of the oxygen-enriched gas
is out of a specific range or when the detected value of the temperature sensor is out of
a specific range of variation.

[Effect of the Invention]

According to the present invention, an optimal operation sequence can be
provided, which is constantly capable of producing a highly concentrated enriched
oxygen gas in response to change in adsorption efficiency of the adsorbent depending
on the temperature change of the usage environment of the oxygen enrichment device.

The present invention provides the device capable of supplying oxygen in a stable



the midpoint between points Q2 and R2 is determined as an optimal length of a purge step.

Another object of the present invention is to provide the oxygen enrichment device having such purge
step control means, wherein: an output value of the temperature sensor at the time of startup of the
oxygen enrichment device or at the time of change in a set flow rate is registered as a reference
temperature, and the length of a purge step determined by the reference temperature is set/controlled
as a default value, and an output value of the temperature sensor at the time of startup of the oxygen
enrichment device qr at the tim%?f char&%e in a set flow rate is registered as a reference temperature,

the length of é‘%‘berbé) Ié?e%s?é VoL Yy gcfenét%og?%mﬂﬁlr%% step that is predetermined based on the

output value[gl‘_ig}eptgrp)@etrig}tlug?ﬁrea%or Y hen the detected value of the temperature sensor is changed
more than a"Speci isa value comparelag( the reference temperature. Another object of the present

invention is to prqyfgelthe 0X ﬁ;een %rclri 1hment «iilevice havin such“purqe ste .con[trol means provided
' e e

with a preset range in whién r]il(ielngt ¢ rgnﬁusré)ew é?gpai r\flzaﬁggltsa, W I%SI?]Z |f%"e)i%%§ff¥ of & purge

step reaches a.Iimit o{ the range in hicp the Ien%h of g pulrge step is vatiable vgiithout dﬂgcting aP
. . m‘lﬁ ent deviCe dccor {n(%’] O Ea'l cXa s%ig 8] 5] xg:%e enricament aevice o % .
point at which the oxygen concentratioh Is decreased compared T0 the reference concentration, or if
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without dete%tlng a Q point dtw e oxygen concentration is reased compared’to t e reference
Concen”a“o&é&%ied&ﬁﬁgQS;}/E%nPeRSH?}mem device of the present invention; FIG. 3 and FIG 4

are schematic diagrams according to an example of the oxygen enrichment device of
the present invention.
BEST MODE FOR CARRYING OUT THE PRESENT INVENTION

An example of an oxygen enrichment device of the present invention will be
described with reference to the drawings below.

FIG 1 is a schematic constitutional diagram showing the pressure swing
adsorption-type oxygen enrichment device according to one embodiment of the present
invention. A pressure swing adsorption-type oxygen enrichment device 1 according
to the present invention has a compressor 112 which supplies raw material air,
adsorption cylinders 131 and 132 filled with adsorbents that selectively adsorb
nitrogen relative to oxygen, supply valves 121 and 122 that are flow-channel switching
means for switching between adsorption and desorption steps, exhaust valves 123 and
124, and a pressure equalizing valve 125. An oxygen-enriched gas that is separated
and generated from the raw material air is regulated to a specific flow rate using a flow
meter (a control valve 142), and supplied to a user using a cannula 148.

Raw material air brought into the oxygen enrichment device from the outside is
first taken in an air intake port having an external air intake filter 111 and the like to

eliminate foreign matter such as dust and the like. At this time, normal air contains

10



the attained limit of the range in which the length of a purge step is variable is determined as an
optimal length of a purge step.  Another object of the present invention is to provide the oxygen
enrichment device having an oxygen flow rate sensor for detecting a flow rate of the oxygen-enriched
gas produced by the oxygen enrichment device, wherein the purge step control means performs
control for stopping or suspending of executing the change of the length of a purge step when the flow
rate of the oxygen-enriched gas is out of a specific range or when the detected value of the

temperature; 560691 43 8Kl a2 Aol Age AhIA'OR. GBeckalhelnvanfionh, oMepqrding to the

present invention, an optimal operation sequence can be provided, IS constantly capable of

producing afighlyCORGRAr IS RNTChehoxyEen GaRINILSRANSGIR GRRROG IV adsiptign efficiency of

the adsorbent depending on the temperature change of the usage environment of the oxygen

enrichment @@N&%&J&@r RIRSRDLIERIAN IR LeR g deyice zﬁ%&ﬁ@lgrgaéupp'ying oxygen in a stable

manner for a user with low power consumption. [Brief Description of Drawings]

In an adsorption step, compressed air from the compressor 112 is sequentially
supplied to the adsorption cylinders 131 and 132 filled with the adsorbents containing
zeolites and the like that selectively adsorb nitrogen gas molecules relative to oxygen
gas molecules by switching a flow channel for supplying raw material air to a targeted
adsorption cylinder, by controlling opening/closing of the supply valves 121 and 122
and the exhaust valves 123 and 124. Then in the adsorption cylinders 131 and 132
that are in a pressurized state, about 77% nitrogen gas contained in the raw material air
is selectively adsorbed and eliminated to isolate the oxygen-enriched gas.

Such adsorption cylinders are composed of cylindrical vessels filled with
adsorbents that selectively adsorb nitrogen relative to oxygen. The number of
adsorption cylinders is decided in relation to the amount of the oxygen production.
There are oxygen enrichment devices using one, two, or multiple cylinders with three
or more. In order to produce an oxygen-enriched gas continuously and efficiently from
raw material air, a two-cylinder type or multiple-cylinder type of adsorption cylinder
as shown in FIG.1 1s preferably used.

As for the compressor 112, a two-head type swing air compressor as well as a
rotational air compressor such as screw type, rotary type, scroll type and the like are
used as a compressor having a compressing function only or compression and
evacuating functions. Eitber alternating current or direct current may be used as a
power source of an electric motor for driving the compressor. Since the compressor

112 may be sources of noise or heat production, the device can be silenced by

1



FIG 1 is a schematic diagram showing a pressure swing adsorption-type oxygen enrichment device
according to an example of the oxygen enrichment device of the present invention; FIG 2 is a
schematic diagram showing each step according to an example of the oxygen enrichment device of
the present invention; FIG. 3 and FIG. 4 are schematic diagrams according to an example of the
oxygen enrichment device of the present invention. BEST MODE FOR CARRYING OUT THE
PRESENT INVENTION  An example of an oxygen enrichment device of the present invention will

be describegwith fifeAgRe BOe AERUIPERRIR W mprdElGr S BusRNEmBlisSRRSHlytional diagram

showing the pressure swing adsorption-type oxygen enrichment device according to one embodiment

of the present inV?ﬁE@ng’%M&%M@d%’ﬂE’E%@ﬁ% IeBAYBSIYBRR SREIMENtIRMRSaggording to

the present invention has a compressor which supplies raw material air, adsorption cylinders 131

and 132 fillegiwith-adsprhrniaibaaleciveikadsorb.giiragen IRJalvete @yaRRBURRALY Majves 121

and 122 that are flow-channel switching means for switching between adsorption and desorption

steps, exhaustvialvesd3amk 2% saneiaipesstiaieduslizRgsalvackebwAn omognserriohed gas that
is separated and generated from the raw material air is regulated to a specific flow rate using a flow

meter (a coni@lyalye dAdland supplied to a user using a cannula 148.  Raw material air brought
into the oxygen enrichment device from the outside is first taken in an air intake port having an

external air intakediliglet 1d @nditbellikpriygliminaie fRieian MRlerSUsl85:duRlBRt thgn ke At this

time, normal air contains about 21% oxygen gas, about 77% nitrogen gas, 0.8% argon gas, and 1.2%

other gas suehrBesastandiaxide anshipadikeyBue-oxaeneishmanh A Wem SRR AIRShe
concentrates, and isolates an oxygen gas required as a breathing gas. In an adsorption step,

compressediaibfpeitntiegorerarsepidi? i§iaaRve ataly shliedduihepgsarpien ¢\iadeis 131 and
132 filled with the adsorbents containing zeolites and the like that selectively adsorb nitrogen gas

molecules rehativepiyoxyden gad raplpdaeshy spéichingla floviahanaeldeor isspphdngrawpaterial air
to a targeted adsorption cylinder, by controlling opening/closing of the supply valves 121 and 122 and

the exhaustadivesidi2 3yaind 424 3Thed insitheradsdrglianfeylingdeisskddiradthi2zithatate hen
pressurized state, about 77% nitrogen gas contained in the raw material air is selectively adsorbed
and eliminatedtie isolatplibe: pxydariteytehed gdsorbed in the pressurized state is desorbed to
regenerate the adsorbents. Noises accompanied with the nitrogen exhaust can be
reduced by equipping an exhaust silencer 150 at the end of the exhaust line.
Furthermore, in the desorption step, a purge step is performed to improve the
efficiency of nitrogen desorption. In the purge step, the oxygen-enriched gas, which
is used as a purge gas, is flowed back from the product side of the adsorption cylinder
131 through the pressure equalizing valve 125 toward the adsorption cylinder 132
which is in an adsorption step. The pressure equalizing valve 125 has orifices126 and
127 for controlling a flow rate of the purge gas.
Each of the steps is operatively controlled for the time shift performance in the
two adsorption cylinders 131 and 132, respectively. While the adsorption step is
performed in the adsorption cylinder 131 to produce oxygen, the desorption step is

performed in the other adsorption cylinder 132 to regenerate the adsorbent, thus

oxygen is continually produced by switching each of the steps.
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Such adsorption cylinders are composed of cylindrical vessels filled with adsorbents that selectively
adsorb nitrogen relative to oxygen. The number of adsorption cylinders is decided in relation to the
amount of the oxygen production. There are oxygen enrichment devices using one, two, or multiple
cylinders with three or more. In order to produce an oxygen-enriched gas continuously and efficiently
from raw material air, a two-cylinder type or multiple-cylinder type of adsorption cylinder as shown in
FIG.1 is preferably used.  As for the compressor 112, a two-head type swing air compressor as well

as a rotational alr GO RYESRALALRRIAR S HWRE BIANLIRRSHPH AR ALK A Hped as 2

compressor having a compressing fuhction only or compression and evacuating functions. Either

alternating ek or difgEl SYIENTTIANDE MRED AR ARMELRRIIGS SIS SO HIGIq; fafriving the

compressor. Since the compressor 112 may be sources of noise or heat production, thedevice can be

silenced by @geommed g the-FARNRIESSOWHIchiIRMCAMRAIRISN 9% haying £8pINT aifd 3.  The

oxygen-enriched gas principally composed of the oxygen gas, which was not adsorbed by the

adsorption cydingairs 3 3lsapst 3wflows 4‘.@%9Mé@ﬁ&@&}@%fﬁ@@%&%@&%%bﬁg 44@@nd 129

provided to prevent backflow of the gas to the adsorption cylinders.  In order to continually produce

an oxygen-eprichasl 0252 RilEACRNAskeathRcan he-adsatkents fileeinihg agdserpioneylinders must

be desorbed and eliminated. In the desorption step, the adsorption cylinders are connected to an

exhaust linecy clesing-hpishapheyalvesshgdirad 22 angipRenind the exiauglvalygadigsand 124,
the adsorption cylinders 131 and 132 are switched from a pressurized state to a state open to the

atmosphere oRpgbRitRgaR@a8sad sapperddndhepieasurized state is desorbed to regenerate the
adsorbents. Noises accompanied with the nitrogen exhaust can be reduced by equipping an exhaust

silencer 150 at thegnH0fthedeirbAUSS [inBubb LN AR MOsSuTOeA8PFRIANHIRPARYIGE Step is
performed to improve the efficiency of nitrogen desorption. In the purge step, the oxygen-enriched gas,

which is usegsing avpIHOR gasoistiiavedback lemdhe pradwatsideppihoprdsamiinneylinder 131

through the pressure equalizing valve 125 toward the adsorption cylinder 132 which is in an adsorption

step. The presalire eghaliziog-valve 12ppas evilicestrfidariorl 2afprieontadlinguanilowerateref the purge
gas. Each of the steps is operatively controlled for the time shift performance in the two adsorption

cylinders 13dxamdnlddickapeativaly.diiddlsithe lndrerpiarisiandspesfopaednibikie agsasagan cylinder

131 to produce oxygen, the desorption step is performed in the other adsorption cylinder 132 to

regenerate thatadpserinests)dhtisnoxygenisdoantinually waagusathbybiitehib g eas Fof dhengitps.
perfluorosulfonic acid-based membrane such as Nafion and the like, polyimide
membrane, and polyetherimide membrane.

An ultrasonic-type oxygen concentration/flow rate sensor 144 detects a flow rate
and an oxygen concentration of the oxygen-enriched gas to be supplied to a user, and
optionally performs a feedback regulation of a rotation rate of the compressor 112 or
opening/closing timing of the flow switching valve so as to control oxygen production.

The oxygen enrichment device has a pressure sensor 115 and a relief valve 114
to detect abnormal operation of the compressor or abnormal compression of the
adsorption cylinders, and also has a temperature sensor 151 to detect an adsorption

temperature in the oxygen enrichment device, thereby performing detection of

abnormalities of the device or optimal control of the adsorption and desorption steps.
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An oxygen-enriched gas is produced by raw material air and stored in a product tank 140. The
oxygen-enriched gas stored in the product tank 140 contains a highly concentrated oxygen-enriched
gas which concentration is 95%, for example. While controlling a supply flow rate and a pressure of
the oxygen-enriched gas using a flow set means 142 such as a pressure regulating valve 141, the
control valve and the like, the oxygen-enriched gas is supplied to a humidifier 145, and the humidified
oxygen-enriched gas is supplied to a patient.  For the humidifier 145, a bubbling type or a surface

evaporation type fynigdifiers ééﬂ&ﬁa‘@{@tﬁﬁa%?a%”&?i%%ﬁiégﬂé%%ﬁg VR3S 6T MRO-WAIELIRHRRY type

humidifier can be used. The non-water supply type humidifier supplies and humidifies the

oxygen-enrighgehgas ihe.duediiiady dnl odHpng Mmaistuse fiain praliant alvysing, 2 WK

permeable membrane module having water permeable membranes, for example, perfluorosulfonic

acid-based mgmbrang swkASNAMonand Wig ke varkimide Wﬁ@'ﬁu@ﬁ%@%ﬁﬂ%@ﬁi mHge

membrane. An ultrasonic-type oxygen concentration/flow rate sensor 144 detects a flow rate and an

oxygen conggipatiaprofithe,RK¥aaN ANHERALSRTIP R SIARIIET t9ra Yser cahsheptignaly performs a
feedback regulation of a rotation rate of the compressor 112 or opening/closing timing of the flow

switching valyg 30£SdeicanyiRkouaenuaiouetivve 1PRe QsMmEnHchBentdewcRfas @ pressure
sensor 115 and a relief valve 114 to detect abnormal operation of the compressor or abnormal

compressiopRbipaAASAIRMIER sylindgssRRdAsorRsAdempasatypeaasor 151 to detect an
adsorption temperature in the oxygen enrichment device, thereby performing detection of

abnormalities of the e ieesQire Rt caRbok Rhtpdadsgiptior @ivh ARaPIRIARSEPShown kG 2 is a

schematic diagram of opening/closing timing of the flow-channel switching means showing one

embodimentafithe wresemtiadesiepndichdsequentigly fowiale sha moraihensstep)tiabiasr121 and
122 equipped between the compressor 112 and each of the adsorption cylinders 131 and 132,

exhaust valvgisclgBoanelylidde and R piesswee e uRkisipgionlveed. 25 1eghalizing: aapsegawe hedween the
adsorption cylinders at the downstream of the adsorption cylinders.  In the pressure swing
adsorption-type piygensepschmentgesticialias shavtrdn HGogpashte fhasadsespiianieylinder 131 is
performing the adsorption step, the other adsorption cylinder 132 performs the desorption step. Each

of the adsorptitinanifydpsalipiton:stens byecsanuiingpadyaidichedincoppdsiteupbasealrespextively to
continually produce oxygen by controlling opening/closing of the supply valves 121 and 122, exhaust
valves 123 and 122, arbatne petesure2@ousliZing, ek atk? prdssuraprova ithiege ffidiend g Jor fgenerating
the adsorbents, a pressure equalizing step is incorporated to perform energy recovery using pressure
shift by commpmnicatitig eéfiweanythHeradserptiaieytinded aitbetompletissucf tgaglinige stgp (@ purge
production step and a purge exhaust step) in which a part of the oxygen produced in the adsorption
step flows throogivthepresprdequalisngy velveviPb toithe adssmptoshdylibgecpenonmingnghe
desorption step, the adsorption step or the purge production step and the desorption cylinder after
completion dfethedetderpdansiep oylindguuitrs extrpleticstayf. xpyege stap lfe pragupedwfiiciently by
performing a steady-state sequence, wherein, while a sequence of the adsorption step, purge
production sstgp, préssurgequidizinsienep vbadrptiontsiéipuryecaxhadsteldp, thnddsreptare
equalizing step is performed in the adsorption cylinder 131, a sequence of the desorption step, purge
exhaust stepiqireSswie Bueragilzithestersssusordtiehzanap yplrg el pPoductivn asteppting cylinder

performing the desorption step, the adsorption step or the purge production step and
the desorption cylinder after completion of the desorption step or the purge exhaust
step.  Oxygen can be produced efficiently by performing a steady-state sequence,
wherein, while a sequence of the adsorption step, purge production step, pressure
equalizing step, desorption step, purge exhaust step, and pressure equalizing step is
performed in the adsorption cylinder 131, a sequence of the desorption step, purge

exhaust step, pressure equalizing step, adsorption step, purge production step, and
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pressure equalizing step is performed in the other adsorption cylinder 132.  The purge step is, for
example, to extract oxygen from the adsorption cylinder 132 which is producing oxygen in the
adsorption step, and to flow a part of the produced oxygen through the pressure equalizing valve 125
to the adsorption cylinder 131 which is depressurizing and exhausting nitrogen in the desorption step,
thereby improving the efficiency of the nitrogen desorption and regeneration of the adsorbents. When
the length of a purge step is large, the regeneration efficiency of the adsorbents is improved, resulting

in an incre%é%ggqu %%gﬁ?la%%ge&)eﬁ%%ml% (rﬂ% 9{@9&1%@1 &%{?ﬁ?geﬁf’%%%gh%% . When the extracted

amount of oxygen is er-adsorption phenomenon adsorbent adsorbs

not only nitrogen bt 50, 3gen. SPGR IR ORGSR ATAINYN AR G rraer RRtished gas is

increased, the oxyge ncentration is decreased. If the length of a purge step’is londer, a control for

maintaining ik RaNeAAHRMAT BXY0RN FATHRe ASKIRImAd Ry adipinole axaen aregliction.

A purge gas is exhausted to the atimosphere as it is. When the length of an exhaust purge step is too

large, the amonl.of gxyaen GxiAsIeHyLogAYSQTRion £Xinden 182 sidecreased  usthgrmore, the

concentration of produced oxygen is decreased because of nitrogen breakthrough, dépending on the

amount of oxygepeAtractegl-(esiiing. ndemetis ueh v auering.thg.amaut fproguglian as the

product gas and the like. ~ The length of a purge stép for optimally maintaining the oxygen

Concentrati%?iébﬁagwfg%aeﬂsp%@ SR MBYAREAFRE ARG QBNGIaEPSF Al G Al g Qperational

environment of the oxygen enrichment device or the amount of oxygen extracted. FIG. 3isa

schematic Wﬁ%@h@h@ﬁ@ﬂg&%ff@g‘é@% 8N 9@1@3 Q%Bi%e‘éé%x%ﬁ‘i@i%@?%{f g8 WiRg BesQrption-type
oxygen enrichment device according to one embodiment of the present invention. The control of the

length of a pyrggEiRRdS ReRIReshagAassERad Relanox y sMneR fbenpsYBan ANfichprsRLdeVice is

started, the device is initiated in an adsorption/desorption sequence using the length of a purge step

which is set Hased-enaribetenpaeratuigithenexyaanearichmemdence ks 3ifNamkaiiAsan optimal

sequence changes substantially depending on the device temperature, the device is preferably

initiated using,g-datauiSacpiRncmEsingdhaieRIH LR Meragsstepagesp ibe Ay isRrigmperature
detected in advance. When a whole of the sequence including changes in the length of an adsorption

step or desasptigRSteR/igcongpiirdhthesnhale-aidhe Seguenes hecames rehalancrel KRAuying a

certain time for the oxygen concentration of the produced oxygen-enriched gas to be stabilized.

Accordingly itbe:isadithief axgdtaesitgitratol dledtincthe presenhenuentiorof a purge step is
longer, a control for maintaining a high concentration of oxygen can be performed by
adjusting the oxygen production.

A purge gas is exhausted to the atmosphere as it is. When the length of an
exhaust purge step is too large, the amount of oxygen extracted by the adsorption
cylinder 132 is decreased. Furthermore, the concentration of produced oxygen is
decreased because of nitrogen breakthrough, depending on the amount of oxygen
extracted, resulting in demerits such as lowering the amount of production as the
product gas and the like.

The length of a purge step for optimally maintaining the oxygen concentration of

the oxygen-enriched gas may differ depending on the temperature of the operational

environment of the oxygen enrichment device or the amount of oxygen extracted.
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The length of a purge step at the device startup is determined in accordance with the temperature of
the ambient air surrounding the device, and the device is initiated at an optimal length of the purge
step determined by such temperature. Because of the characteristics of nitrogen adsorption of the
adsorbent, when the device is initiated at low temperature below 10C, the oxygen concentration of the
oxygen-enriched gas produced may be increased by setting the length of a purge step at the initial
period of startup greater than in the case of startup at normal temperature. Also, to eliminate the
effects of the envj ental temperature while the d%;‘vic IS | ration, even during the change in
the set value of thaHonrare e B R S L ence by
changing IhIGRgHD ofapLr9a e A pefayl IRNOtD.plca Rurge sieR.coqsspandingdo fie
temperature in order to respond to the temperatute change during operation. Furtlier, even if the
erronmenghismRIAEdL et ichatasbexand g shedlisiieendliuauegye t
influence of an air condi%oner gn%et?ée ﬁfl‘pee, controlqg} theffengt ‘O?Pg pur%e step a]{é%)e erformed.

The oxygenlg\e@fjﬁ.mgggg ggsyd'ﬁgé@%gig%_gsed under various environmental conditions, includi_ng
temperatures ranging from below ice point to high temperature such as nearly 40C. Fluctuation of the

temperature of th@v‘ﬁ%ﬁgﬁ‘l@%‘!Jgg_@ﬁ”%HIi@ﬂﬁ%Eﬁ'ﬂedi?@?éi&quss?ﬁ%ﬁdt%@“é@x?‘ié@r%e FHangg Inthe

nitrogen/oxygen adsorption efficiency of the adsorbents. After the oxygen enrichment device is started

in an operalipRgkassheRcRRECEHALE MR P ARUMAp o NG REAkeTee Isleggrmined in

accordance with the fluctuation of the oxygen toncentration of the oxygen-enriched gas caused by the

subsequent gavironmenial chapge Arsardinglyiaptimization @fidiedengih pf anurge sigmis

performed to maximize the oxygen concentration by controlling opening/closing timing of the supply

valves and thg xhaush¥¥eSHNDM AN P UGRRIGR CONTRL MEARS dhiHeReRNtRL Hdhgoxygen

concentration of the produced oxygen-enriched gas is less than a predetermined specific

concentrationsfiehbas ithethesiapatiiahaipge-aten spinireg M. $easaRieg heyaiatisnship

between the product oxygen concentration and the length of a purge step to improve the product

oxygen conagaiialier-tempdREIRXHBREIEANFARYAMIQN OftRePXYaIRNLHN ghad sirsdmediatgly before
the onset of purge step control is registered as a control reference concentration, and then the length
of a purge stapigdoGreasediyhrosneclisamamnitp Gr Ao Bagpt O BotheoMENIaR GRRaentration
detected after a certain duration, the oxygen concentration of the produced oxygen-enriched gas is
assessed if 1e grNeefikdten isdpsraRSatb AL Aea easgHagRINS dneaaoNITabrataremee Gopcentration. If
the oxygen concentration is increased, the control reference concentration is replaced by the latest
concentratiogoabehthailangtiihefprdaikge step s funtheicihgeaaseash dfdbity/gen ceneRRiatBg IS
decreased, the length of a purge step at this point is registered as Pl point (FIG. 3, No.2). This
procedure ofdngteasinghihe kagib afmrpliegastap psaepesaiechtiotil a decrease of the oxygen
concentration is detected. = When the PI point is determined, the oxygen concentration at the PI
point is registeredids dcagtiisf agferansegandentation sandiphenlthalgngihinbecprigesteplis
decreased by a specific amount (FIG. 3, No.3). After a certain duration, the oxygen concentration of
the product olygenperwictedt glas dmbase sdeshifrthediopchatdation, incdethsatt ok déciemaed against the
control reference concentration. If the oxygen concentration is increased, the control reference
concentratioan o peiplat éth by thitt et estrgo ntgndetioniaeit tiestehgthmpespurge Biepusdwthisr
decreased. This procedure of decreasing the length of a purge step is repeated until a decrease of the
oxygen concentrationsiscd etboiedg#Hl Gd Syrhinod wf . ajisti o xyiyen thorbentratiomisatdatreased, the
length of a purge step at this point is registered as ()l point (FIG. 3, N0.9).  When the Q1 point is
determined, tve oxyperncondehtratitdif @t tthe (81 geoinhibentaseshcoh centratigon-isrégistepad as a
control reference concentration, and then the length of a purge step is increased by a specific amount.
After a certapreiiretibmathbeoygesabheentrmgorholdngprddupeg o siapent-nrichied gagadd agsessed if
the concentration is increased or decreased against the control reference concentration. If the oxygen
concentratioptisticgsasie thhe tothrotasferéstatvordenratidriawpepiased Also, to eliminate

the effects of the environmental temperature while the device is in operation, even
during the change in the set value of the flow rate supplied to a user, the device can be

operated at an optimal sequence by changing the length of a purge step to a default
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by the latest concentration and the length of a purge step is further increased. This procedure of
increasing the length of a purge step is repeated until a decrease of the oxygen concentration is
detected (FIG. 3, N0.10 to No.14). If the oxygen concentration is decreased, the length of a purge step
at this point is registered as R1 point (FIG 3, No.14). After the W point is determined, an St point in
FIG. 3, which is the midpoint between the Q' and R’ points, is determined as an optimal length of a
purge step. More specifically, the mean length of the purge steps, namely the co and W points, can be

determined Eﬁégﬁ B%fg!ggﬁ%&ﬁ%%@ﬁi%ﬂ% %y@l%”t‘é?ﬁg&l%%ﬂé?@ﬁ haviPgdhemadmym.oxygen

concentration er the environment where the device Is in operation.  In the

above examplen, ARl AnBCERARIDGIEIRAEh ALAMBLIOR AR BerimAt Al A R0aRke the

control of the length of a purge step. On the contrary, control for decreasing the length of a purge step

may also be;parformed st AS SbOMLIUFLE $dNs OISR EPUSARMANOR ke RY/gemeRriched gas

immediately before the onset of the purge step control (FIG. 4, No.1) is registered as a control

reference CoRGARTAIPANARELIIRD Lig ool RRHIOS SIBRSAaH eRSPHNeArGRRGIIC amount (FIG.

4, No.2). Based on the oxygen concentration detected after a certain duration, the oxygen

concentration of tgProducad Qe yaRRRNTIKNEC0a% {5 Bssasaedifidbe canesrtatlianisiasigased or
decreased against the reference concentration. If thé oxygen concentration is increased, the control

reference C%ﬁ%ﬂ‘ifﬂﬁ?ﬁ‘n@d@ﬁ?%ﬁﬂﬁ&éﬂﬁéﬂ%‘gﬁ@?ﬁﬁﬁrwm theiengthioh dcprrasigiep is further

decreased. This procedure of decreasing the length of a purge step Is repeated until a decrease of the

oxygen concgpiraliqRisidaieeied friGudndiPd tadNQrpethilif QaRNCAACERIRIRR S drGreased,
the length of a purge step at this point is registered as P2 point (FIG. 4, No.7). When the P2 point is

determined,(RER¥YIER SRRRANIEANON BEJORIRAROINLIR RBISIRMEY-8% encaTERltiBIEERERNCY
concentration, and the length of a purge step is increased by a specific time (FIG. 4, No.8). After a

certain duratjprindhieyaar Congetiationkof thecpraducad oyarniertighed damivpsaesset if the
concentration is increased or decreased against the reference concentration. If the oxygen

concentratiogés: dneteasedniddccahy aliaigye pgrpaRce NifRligoisIeRigeat b hR laigsiebncentration
and the length of a purge step is further increased. This procedure is repeated until a decrease of the

oxygen conceptaiiandsywdetaste th(ftiatidn NG.6EooNoetR)c il @xge » Concertratineisiciedeased,
the length of a purge step is registered as Q2 point (FIG. 4, No.12).  When the Q2 point is
determined, ghe exygerbeoneenitationeat e xhpeinkitbedagest coneedinglignepsineigisiencsfas a
control reference concentration, and again the length of a purge step is decreased by a specific
amount. Afteha keigdincdu apiane thieeXygenfoomedntoation mihithe throdugeehoxygenvestiichdg gas is
assessed if the concentration is increased or decreased against the reference concentration. If the
oxygen concemittaiiingi©praiegstekitipet tomizad feferemgs conbentratibrhés encplasedabye thestage st
concentration and the length of a purge step is further decreased. This procedure is repeated until a
decrease of the pxygestqoaostitraticrass. delectech(Et@trd], NO .48 toxMeet Wotictngraxygerf concentration
is decreased, the length of a purge step at this point is registered as R2 point (FIG. 4, N0.17).
produced oxygen-enriched gas is less than a predetermined specific concentration such

as 90%, the length of a purge step is optimized by searching the relationship between
the product oxygen concentration and the length of a purge step to improve the product

oxygen concentration.

The oxygen concentration of the oxygen-enriched gas immediately before the
onset of purge step control is registered as a control reference concentration, and then
the length of a purge step is increased by a specific amount (FIG 3, No.2). Based on

the oxygen concentration detected after a certain duration, the oxygen concentration of
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After the R2 point is determined, an S2 point in FIG. 4, which is the midpoint between the Q2 and R2
points, is determined as an optimal length of a purge step. More specifically, the mean length of the
purge steps, namely the Q2 and R2 points, can be determined as the 52 point. Although the R2 point
is same as the P2 point in this case, the S2 point is determined not on the midpoint between the P2
and Q2 points but on the midpoint between the Q2 and R2 points, because the length of a purge step
relative to the optimal length of a purge step cannot be known at the onset of the purge step control.

At the OP“”‘[ﬂUgﬁQHﬁé%fda&g%?-%ﬂﬁ@cﬁé‘& I%Qs 9% SesRRE e Y9SN SNHERMSNLHEYER §ag) produce

an oxygen-enri ed gas wit € maximum oxygen concentration under the environment where the

device is in QRELGUON, ga it S IRODIRIAG3RURACARAVEAG e d WheD JIe.QNASR GORGRAtAtION of the

oxygen-enriched gas produced by the adsorption cylinders is less than a predetermined value.

However, the conial MRy BeRATTRRRGRVES BR JIHGraD ‘P@ppa%%e? the (eapLRiie ARsart-up and

the temperature in operation is greater than a predetermined value due to an air conditioner in a room

and the like,nq FREIQREFAUPR SRAMERRS oy AFNIEVIRG RJmaKImUMIRXYFeR RansRANALARCAN be

determined by detecting an oxygen concentration in the produced gas and setting an optimal length of

a purge stepgregiaaly (b Ritah B adESLXRESaMNIFR RIRP Ve dREREFTRrPaNgA-Rf iye;all supply
means is suppressed, for example, by reducing the rotation rate of the compressor, and by operating

the device tg&*@jntmw%&%xs&@ W%ﬁ@i@tﬁét%ﬁwwﬂr%ﬂfﬂg@%@egaﬁi F%e%mﬁ}a& 90_%’ .
thereby realizing lowering of the power consumption. Furthermore, the oxygen enrichment device is

capable of siably.stBPOE-ARVaRMaNIEEE gagQuegn if the oxygen production performance is
decreased due to deterioration of the operational environment of the device or degradation of the

component parts whehh@depgikbaf aPueaa siapcanaalie sonisaliest witbeul any 1esyiations. If the
length of a purge step is set too large, nitrogen breakthrough occurs in the adsorption step. If the

length of a pYEIResERAPals Sebiew Srafliciie eblicianstiohthmadreihepticagansratiparis degreased, and
thus the oxygen concentration cannot be controlled and maintained at a specified value. It is

preferable tagieasé@banasuzifibishsnatlePyih Dfonyge step 6apahie dueaBASARAURME OXygen

concentration control can be varied, and to restrict control of the length of a purge step within this

range. concentration of the product oxygen-enriched gas is assessed if the concentration is
increased or decreased against the control reference concentration. If the oxygen
concentration is increased, the control reference concentration is replaced by the latest
concentration and the length of a purge step is further decreased. This procedure of
decreasing the length of a purge step is repeated until a decrease of the oxygen
concentration is detected (FIG. 3, No.3 to No.9). If the oxygen concentration is
decreased, the length of a purge step at this point is registered as Q' point (FIG. 3,
No.9).

When the Q' point is determined, the oxygen concentration at the Q' point, the
latest concentration, is registered as a control reference concentration, and then the
length of a purge step is increased by a specific amount. After a certain duration, the
oxygen concentration of the produced oxygen-enriched gas is assessed if the

concentration is increased or decreased against the control reference concentration.  [If

the oxygen concentration is increased, the control reference concentration is replaced
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More specifically, in the purge step control, if a limit of the variable range of the length of a purge step
is reached without detecting a P point at which the oxygen concentration is decreased compared to
the reference concentration, or if, after detecting the P point, a limit of the variable range of the length
of a purge step is reached without detecting a Q point at which the oxygen concentration is decreased
compared to the reference concentration, the limit of the variable range of the length of a purge step
reached is determined as the length of the purge step.  In addition, as a product gas flow rate or
temperaturg,capdiiigns alse. ateallvniikeree e R YBET GNP SRISANID.ARA AL CANISOl afiglopping or

suspending the contro changing length of a purge stép is performed when an oxygen gas flow

rate is out o ﬁaéé?ﬁﬁ'@i%f%@a%@%&h@n@ﬂ{eﬁ%ﬂ?ﬁ%es@ﬁ% IEPRRIP G SEASAERADIRELIN a

specific amount due to change in"the environme mperature, performing the control of changing

the length of & BULAS SIERIRFIRRPRA QM EPRIAC T GRS HIE1PXHIER,8R CORGERLANAN when the

device is in opefation can be compensated.  The purge step control means of the present invention

performs cotypl ta determing ihg, '8@9%9@,@&&1{%% ARSI madmizEsthe pradughiexygen gas

concentration. If the oxygen concentration’is more than a necessary concentration, supply airflow rate
from the COmBregsor is decreased and the device can be operated in an energy-saving mode, for
example, with the oxygen concentration of 90%. On the contrary, if the oxygen concentration is

decreased due todegradarion,giihe adaqrhents andthedike.ifofaton rafgioh e ROmBssRr is

increased and controls of increasing the supply airflow rate and adsorption pressure can be performed

concurrentiyhjs prefRrabie,frRSiitia PRS- aeau S RCRAGR] Of Ghanginagyply

airflow rate of the compressor, that'is, for changing the rotation rate of the compressor and the purge

step control g5 eRiRizRGIEha e Nt A g IRipR- JindusiiabMBR)igrbiibdnd RTHR eie/een

enrichment device of the present invention can be used as a medical oxygen enrichment device for a

source of oxyggBsHRIYIC{LU¥ISh Hahalatian theipydk patiepis ssffeninehtioPaseEpiatotsystem
diseases such as asthma, pulmonary emphysema, chronic bronchitis and the like. Also, the oxygen

enrichment gemgasanhedétilizes-as AGayieenCBpaNRIol SURRNHM G IRX YaeRdEiativ witielewrrower
consumption that is a characteristic of the present invention.
device is in operation,

In the above example, control for increasing the length of a purge step is
performed at the onset of the control of the length of a purge step. On the contrary,
control for decreasing the length of a purge step may also be performed first. As
shown in FIG 4, the oxygen concentration of the oxygen-enriched gas immediately
before the onset of the purge step control (FIG. 4, No.1) is registered as a control
reference concentration, and then the length of a purge step is decreased by a specific
amount (FIG. 4, No.2). Based on the oxygen concentration detected after a certain
duration, the oxygen concentration of the produced oxygen-enriched gas is assessed if
the concentration is increased or decreased against the reference concentration. If the
oxygen concentration is increased, the control reference concentration is replaced by
the latest concentration and the length of a purge step is further decreased. This

procedure of decreasing the length of a purge step is repeated until a decrease of the

oxygen concentration is detected (FIG. 4, No.2 to No.7). If the oxygen concentration
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CLAIMS 1. A pressure swing adsorption-type oxygen enrichment device comprising: a plurality of
adsorption cylinders filled with an adsorbent which selectively adsorbs nitrogen relative to oxygen; a
compressor for supplying raw material air to the adsorption cylinders; an adsorption step for supplying
compressed air to each of the adsorption cylinders and extracting an oxygen-enriched gas by
sequentially switching flow channels between the compressor and each of the adsorption cylinders; a
desorption step for depressurizing each of the adsorption cylinders and regenerating the adsorbent; a

pressure eq%azklgéngd%gptk%rfégrqmgpls% %%ﬂct a(gf he adsIChsﬁllr(égict)@}QgJers gﬁé?ﬁ\‘/lvoiﬁﬁenﬂ switching

means for repeatlng a purge st p ina |ng infw y concen ygen from the
adsorption %Bnﬂer in the adsorption step is introduced into the adsorption cylinder in the desorption
step;

When the P? point is determined, the oxygen concentration at the P* point is
registered as a control reference concentration, and the length of a purge step is
increased by a specific time (FIG. 4, No.8). After a certain duration, the oxygen
concentration of the produced oxygen-enriched gas is assessed if the concentration is
increased or decreased against the reference concentration. If the oxygen
concentration is increased, the control reference concentration is replaced by the latest
concentration and the length of a purge step is further increased. This procedure is
repeated until a decrease of the oxygen concentration is detected (FIG. 4, No.§8 to
No.12). If the oxygen concentration is decreased, the length of a purge step is
registered as Q point (FIG. 4, No.12).

When the Q2 point is determined, the oxygen concentration at the Q2 point, the
latest concentration, is registered as a control reference concentration, and again the
length of a purge step is decreased by a specific amount. After a certain duration, the
oxygen concentration of the produced oxygen-enriched gas is assessed if the
concentration is increased or decreased against the reference concentration. If the
oxygen concentration is increased, the control reference concentration is replaced by
the latest concentration and the length of a purge step is further decrcased. This
procedure is repeated until a decrease of the oxygen concentration is detected (FIG. 4,
No.13 to Neo.17). Ifthe oxygen concentration is decreased, the length of a purge step
at this point is registered as R* point (FIG. 4, No.17).

After the R? point is determined, an $* point in FIG. 4, which is the midpoint

between the Q% and R? points, is determined as an optimal length of a purge step. More
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a flow setting means for supplying the oxygen-enriched gas to a user at a specific flow rate; an oxygen
concentration sensor for detecting an oxygen concentration of the oxygen-enriched gas produced by
the oxygen enrichment device; a temperature sensor for measuring a temperature of the device; and a
purge step control means which controls a length of a purge step so as to maximize the oxygen
concentration by changing opening/closing timing of the flow-channel switching means, when an
output value of the oxygen concentration sensor is lower than a specified value, or the output value of

the temperalyre REMTONR.HLA! R apAClicdeBRIAlIBIA0ng. 2 e OXgaR SRFIMEy! evice

according to claim herein: an oxygen con rati ygen-enriched gas just before a

control for Chaagiy e@%é%@?@é&@“@%&ﬁggi}%@%‘%' %§%%§i%ﬁ%@ﬁ@%ﬁgﬁg t'é'tégéfe?”' a

control for increasing the lengt a purge st y a specli e oxygen

Concentratio[ﬂeagre%% ORI e midpoint between the P* and Q° points but on the

midpoint between the QF and R? points, because the length of a purge step relative to
the optimal length of a purge step cannot be known at the onset of the purge step
control.

At the optimal length of a purge step, the S' or §% point, the oxygen enrichment
device can produce an oxygen-enriched gas with the maximum oxygen concentration
under the environment where the device is in operation.

The control described above is started when the oxygen concentration of the
oxygen-enriched gas produced by the adsorption cylinders is less than a predetermined
value. However, the control may be performed when the difference between the
temperature on start-up and the temperature in operation is greater than a
predetermined value due to an air conditioner in a room and the like.

The operation sequence for achieving a maximum oxygen concentration can be
determined by detecting an oxygen concentration in the produced gas and setting an
optimal length of a purge step precisely.  In order to reduce excess oxygen supply, the
performance of the air supply means is suppressed, for example, by reducing the
rotation rate of the compressor, and by operating the device to maintain the oxygen
concentration of the oxygen-enriched gas, for example at 90%, thereby realizing
lowering of the power consumption. Furthermore, the oxygen enrichment device is
capable of stably supplying an oxygen-enriched gas even if the oxygen production
performance is decreased due to deterioration of the operational environment of the

device or degradation of the component parts.
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the reference concentration is replaced by the oxygen concentration after the change of the length of a
purge step if the oxygen concentration is increased, and controls for increasing the length of a purge
step and detection of the oxygen concentration are repeated until the oxygen concentration is
decreased compared to the reference concentration (this point is referred to as Pl point below); the
oxygen concentration at Pl point is used as a reference concentration, a control for decreasing the
length of a purge step by a specific length and detection of the oxygen concentration after the control

are performed. o (SIe(GACE CONGEINAURNIAIMACEAMRIIDS QISP sAncenialon afyr e change

of the length of a purge Step if t concentration IS Increase rols for decreasing the

length of a Héﬁ%ﬁm sieR Eg%gggﬁggr@eﬁft%elgéwﬁRrSg&?%@gﬁgﬁfbS‘gﬁl f(’%‘%ﬁ?stqg fﬁ@%&&%@ﬁ%ﬁs Q

concentration is decre to the Teference concentration (this point'is re

point below), e Of%y&%”l&?é}ﬁeé‘fr&‘tg%bﬂg%t S PANLS H3eg A2 ief %rﬁﬁ?&}ﬁi%%e&}éa&&%r@efi?mm' for

increasing the length of a ptirge step by a specific length and detection of the oxygen concentration

after the Co'}g&r@}%tﬂ)?ﬂgr@ag%ased, and thus the oxygen concentration cannot be controlled and
maintained at a specified value. It is preferable to preset a range i which the length
of a purge step capable of compensating the oxygen concentration control can be
varied, and to restrict control of the length of a purge step within this range.

More specifically, in the purge step control, if a limit of the variable range of the
length of a purge step is reached without detecting a P point at which the oxygen
concentration is decreased compared to the reference concentration, or if, after
detecting the P point, a limit of the variable range of the length of a purge step is
reached without detecting a Q point at which the oxygen concentration is decreased
compared to the reference concentration, the limit of the variable range of the length of
a purge step reached is determined as the length of the purge step.

In addition, as a product gas flow rate or temperature conditions also greatly
influence the oxygen concentration control, control of stopping or suspending the
control of the changing length of a purge step is performed when an oxygen gas flow
rate is out of a specific range. When the detected value of the temperature sensor is
changed in a specific amount due to change in the environmental temperature,
performing the control of changing the length of a purge step is stopped or suspended.
Therefore, the oxygen gas concentration when the device is i operation can be
compensated.

The purge step control means of the present invention performs control to

determine the length of a purge step so as to maximize the product oxygen gas

22



the reference concentration is replaced by the oxygen concentration after the change of the length of a
purge step if the oxygen concentration is increased, and controls for increasing the length of a purge
step and detection of the oxygen concentration are repeated until the oxygen concentration is
decreased compared to the reference concentration (this point is referred as RI point below); and the
midpoint between points QI and RI is determined as an optimal length of a purge step. 3. The oxygen
enrichment device according to claim I, wherein: an oxygen concentration of the oxygen-enriched gas

Just before %ocfc%ﬁf%%{%ﬁfhQ?Qﬂégo%%'e%”%'%&fn%]&' NN @Lﬁ%@cg&%ﬁéafo%&f%ﬁ?g%mCtiOn of

t
concentration, a control for decreasirig the length of a purge step by a specific length an

the oxygen &Sﬁﬁ%ﬂ!}%‘w AERe t%%%%ﬁ%%ﬁ?rifsoﬁgé?gased and the device can be operated in

an energy-saving mode, for example, with the oxygen concentration of 90%. On the
contrary, if the oxygen concentration is decreased due to degradation of the adsorbents
and the like, rotation rate of the compressor is increased and controls of increasing the
supply airflow rate and adsorption pressure can be performed concurrently. It is
preferable to restrict to perform simultaneously the control for changing supply airflow
rate of the compressor, that is, for changing the rotation rate of the compressor and the
purge step control for optimizing the length of a purge step.

[Industrial Applicability]

The oxygen enrichment device of the present invention can be used as a medical
oxygen enrichment device for a source of oxygen supply of oxygen inhalation therapy
for patients suffering from respiratory system diseases such as asthma, pulmonary
emphysema, chronic bronchitis and the like. Also, the oxygen enrichment device can
be utilized as a device capable of supplying oxygen stably with low power

consumption that is a characteristic of the present invention.
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the reference concentration is replaced by the oxygen concentration after the change of the length of a
purge step if the oxygen concentration is increased, and controls for decreasing the length of a purge
step and detection of the oxygen concentration are repeated until the oxygen concentration is
decreased compared to the reference concentration (this point is referred as P2 point below); the
oxygen concentration at P2 point is used as a reference concentration, a control for increasing the
length of a purge step by a specific length and detection of the oxygen concentration after the control
are performed, the reference concentration is re@i[a}g Sby the oxygen concentration after the change
of the length of a purge step if the oxygen concentration is increased, and controls for increasing the

ength of @ PO HERAAF Ssiadinn At e xuaey aanasalialon sicRRaIgtRIl e ower

concentration is crease eference concentration int isTeferred as Q2 point

below); the grygen;co eff%rag@%%@% BRI o5 I UAR SOREIRIP LR o

decreasing th length of a purge step by a specmc and detection of

nitrogen relative to oxygen;

a compressor for supplying raw material air to the adsorption cylinders;

an adsorption step for supplying compressed air to each of the adsorption cylinders and
extracting an oxygen-enriched gas by sequentially switching flow channels between
the compressor and each of the adsorption cylinders;

a desorption step for depressurizing each of the adsorption cylinders and regenerating
the adsorbent;

a pressure equalizing step for communicating each of the adsorption cylinders;

a flow-channel switching means for repeating a purge step in a specific timing, in
which highly concentrated oxygen from the adsorption cylinder in the adsorption step
is introduced into the adsorption cylinder in the desorption step;

a flow setting means for supplying the oxygen-enriched gas to a user at a specific flow
rate;

an oxygen concentration sensor for detecting an oxygen concentration of the
oxygen-enriched gas produced by the oxygen enrichment device;

a temperature sensor for measuring a temperature of the device; and

a purge step control means which controls a length of a purge step so as to maximize
the oxygen concentration by changing opening/closing timing of the flow-channel
switching means, when an output value of the oxygen concentration sensor is lower
than a specified value, or the output value of the temperature sensor is out of a specific

temperature range.
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the oxygen concentration after the control are performed, the reference concentration is replaced by
the oxygen concentration after the change of the length of a purge step if the oxygen concentration is
increased, and controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the reference
concentration (this point is referred as R2 point below); and the midpoint between points Q2 and R2 is
determined as an optimal length of a purge step. 4. The oxygen enrichment device according to claim
2 or 3, Whergin tll‘lgergitzjipoint beta/regga%h%%ints ‘an ir% r the m'idpclilnt between points Q2 and R2 is

determined by the Mean Valle ¢ %C e

value 0 61 the ecr?gr s of purge ste‘%s‘?r%l?The oxygen enrichment

device according to any of claims 1 to 4, wherein the purge step control means reqisters an output
valus of the T aEra T e A B S B R R o

reference tepgralye, AL ARTONNS e AUALBY Reliagibsengihaf aiyoe step defined by the

reference temperature as value. e oxygen enrichment device according to claim 5,

wherein the PULHE S199, ANKGLIEANSRARIGES A AURYL (RI4e BLINE (AIRTRINESEARAY f the

startup or at the change o a‘reference temperature, and reset the

length of a %@&%&%Mﬁ!%&*ﬁﬁﬁﬁgtﬁx ANLQUIRYL gg}yg&{eﬁ]e temperature sensor in advance.

the reference concentration 1s replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for increasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred to as P’ point below);

the oxygen concentration at P' point is used as a reference concentration,

a control for decreasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred to as Q! point below);

the oxygen concentration at Q! point is used as a reference concentration,

a control for increasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for increasing the length of a purge step and detection of the oxygen
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7. The oxygen enrichment device according to any of claims 2 to 4, having the purge step control
means provided with a preset range in which the length of a purge step is variable, wherein: if the
length of a purge step reaches a limit of the range in which the length of a purge step is variable
without detecting a P point at which the oxygen concentration is decreased compared to the reference
concentration, or if the length of a purge step reaches a limit of the range in which the length of a
purge step is variable without detecting a Q point at which the oxygen concentration is decreased

compared (9 1e JRISIRICS SPASGIERIAN AL ARsEInGLe & BRIk ataineril P range I

which the len a purge step Is varia ermined as an optimal length of a purge step. 8. The

oxygen enrig@g}%ﬁg gg&%%&&g%rgmg% 'z, er@H%ﬁ 3t tj%gl@{\‘r oxygen flow rate sensor for

: 7 6;6
detecting a flow rate of the oxygen-en c%{léd gas produced by the oxygén enrichment device, wherein

the purge stap, Gory 8&&1‘39&%&‘?&8&‘1@?(SDQH&"ﬁ“’riéEPeQ&iﬂﬁn%%éSB?B IR SHRRUINY Jhg,ghange of

the length of a purde step when the flow rate of the oxygen-enriched gas Is out™of a specific range or
when the de&?eﬁ?f.ed value of the temperature sensor is out of a specific range of variation. 9. The
oxygen enrichment device according to any of claims 1 to 7, wherein the purge step control performs

control for stpppifg. %&?}géﬁ’@m&'ﬁ%%ﬁd}@\%&iﬁgc%iﬁ qgg:qa%t@?%g%:of a purge step when a value

detected by the tempefature sensor is out of a specific range of change.

an oxygen concentration of the oxygen-enriched gas just before a control for changing
the length of a purge step is started is used as a reference concentration,

a control for decreasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred as P* point below);

the oxygen concentration at p? point is used as a reference concentration,

a control for increasing the length of a purge step by a specific length and detection of
the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the Iength of a purge step if the oxygen concentration is increased, and

controls for increasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred as Q° point below);

the oxygen concentration at the Q° point is used as a reference concentration,

a control for decreasing the length of a purge step by a specific length and detection of
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M. The oxygen enrichment device according to claim 1, wherein a compressor control means is
provided to increase/decrease a supply flow rate based on a detected value of an oxygen
concentration of the oxygen enriched gas and to control the oxygen concentration to be maintained at
a specified concentration. 11. The oxygen enrichment device according to claim 10, wherein the purge
step control means is a control means with which the control by means of the purge step control and
the control by means of the compressor control are not performed simultaneously.

the oxygen concentration after the control are performed,

the reference concentration is replaced by the oxygen concentration after the change of
the length of a purge step if the oxygen concentration is increased, and

controls for decreasing the length of a purge step and detection of the oxygen
concentration are repeated until the oxygen concentration is decreased compared to the
reference concentration (this point is referred as R* point below); and

the midpoint between points Q° and R? is determined as an optimal length of a purge
step.

4. The oxygen enrichment device according to claim 2 or 3, wherein the midpoint
between points Q' and R' or the midpoint between points Q° and R? is determined by
the mean value of each of the lengths of purge steps.

5. The oxygen enrichment device according to any of claims 1 to 4, wherein the
purge step control means registers an output value of the temperature sensor at the
startup or at the change of a set flow rate of the device as a reference temperature, and
performs the control by setting the length of a purge step defined by the reference
temperature as a default value.

6. The oxygen enrichment device according to claim 5, wherein the purge step
control means registers an output value of the temperature sensor at the startup or at
the change of a set flow rate of the device as a reference temperature, and reset the
length of a purge step to a value defined by an output value of the temperature sensor
in advance.

7. The oxygen enrichment device according to any of claims 2 to 4, having the purge
step control means provided with a preset range in which the length of a purge step is

variable, wherein:
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if the length of a purge step reaches a limit of the range in which the length of a purge
step is variable without detecting a P point at which the oxygen concentration is
decreased compared to the reference concentration, or

if the length of a purge step reaches a limit of the range in which the length of a purge
step is variable without detecting a Q point at which the oxygen concentration is
decreased compared to the reference concentration after detecting the P point,

the attained limit of the range in which the length of a purge step is variable is
determined as an optimal length of a purge step.

8. The oxygen enrichment device according to any of claims 1 to 7 having an oxygen
flow rate sensor for detecting a flow rate of the oxygen-enriched gas produced by the
oxygen enrichment device, wherein

the purge step control means performs control for stopping or suspending of executing
the change of the length of a purge step when the flow rate of the oxygen-enriched gas
is out of a specific range or when the detected value of the temperature sensor is out of
a specific range of variation.

9. The oxygen enrichment device according to any of claims 1 to 7, wherein the
purge step control performs control for stopping or suspending of executing the change
of the length of a purge step when a value detected by the temperature sensor is out of
a specific range of change.

10. The oxygen enrichment device according to claim [, wherein a compressor
control means is provided to increase/decrease a supply flow rate based on a detected
value of an oxygen concentration of the oxygen enriched gas and to control the oxygen
concentration to be maintained at a specified concentration.

11. The oxygen enrichment device according to claim 10, wherein the purge step

28



control means is a control means with which the control by means of the purge step
control and the control by means of the compressor control are not performed

simultaneously.
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