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1 DEAERATI ON DEVI CE AND ULTRASONI C CLEANI NG DEVI CE

USI NG THE SAME BACKGROUND OF THE I NVENTION 5 Field of
the Invention The present invention relates to a

deaer ati on device

f orrenovi ngdi ssol vedai ri ncl eani ngl i qui dandanul trasoni c
cl eani ng device using this deakration device. 10
Description of a Related Art For an industri al
cleaning device, it is a crucial problemhowto

r eTPr%%Rb’SﬁﬁNé?%HC%tmgLEBAﬁ@N@ GHRANEHG PBV paE LS ING THE
and nenbers f or f inishing. An _ultrasonic cleaning
devi ce has been used as one 8fMEhose cl eani ng devi ces.
15 The ultrasoni c cl eaning dei ce separates and renoves
stains or burrs adhered to the surface of an object to

b by _vi ' y of an ultrasonic wave
bi%%ﬁ%??ﬁggDaﬁF E?#Pg%&&@ﬁ&gég generator in a cleaning
t | Led wit g liquid andby irradiating

tﬁgkﬁigrégoﬁw% &gvggﬁg&brd 20 the object to be cl eaned

whi ch i sp 1?&@&%& 1 nbvied Gl iAReAd L el galaﬂaewetﬁaélmﬁ device
u

type of asoni ¢ cleani ng device, it known t

SOopp4 rghgﬁﬂb%l@csctlheed%lf §ﬁ@@bﬁn‘&@l§%1&1{'ﬁi aﬂléanul trasonic
vi bration energy of the ultrasonic wave is greatly

af & eehRIngOaby icane@NinAtdn Hedd Se0lMgddavice.
contained in the cleaning |iquid.

Di ssol vedai ri nl argequanti typrevent spropagati on of the
ul trasoni c wave, which causes energy |oss and |owers 2
sobadcpipssivneocdnad ®edatad) Zoapability. Then, a
deaer ati on

For an industrial cleaning device, it is a crucial
problem how to remove completely stains or burrs adhered
to parts and members for finishing. An ultrasonic cleaning
device has been used as one of these cleaning devices.

The ultrasonic cleaning deice separates and removes
stains or burrs adhered to the surface of an object to be
cleaned by vibration energyof anultrasonic wave by mounting
an ultrasonic wave generator in a cleaning tank filled with
cleaningliquidandbyirradiatingtheultrasonicwave toward
the object to be cleaned which is immersed in the cleaning
liquid.

With this type of ultrasonic cleaning device, it is
known that sound pressure of the ultrasonic wave, that is,
vibration energy of the ultrasonic wave is greatly affected
by concentration of dissolved air contained in the cleaning

liquid. Dissolvedairinlargequantitypreventspropagation

of the ultrasonic wave, which causes energy loss and lowers
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device is attached to the ultrasonic cl eaning device

so as to reduce the dissolved air concentration in

the cleaning liquid for efficient and stable

cleaning. 5 An exanple of the above deaeration device

is described in the Patent Docunent 1. The deaeration
device in this Patent Docunert 1 is an exanple of a
filmtype deaeration device using a deaeration film

whi ch passes only air. A deaeration chanber, which is |

a SPArRPrafsmure padfleanindyapabd lddder aTheR 3 Agperation
into two chanbers, one of which is for _flowng, a .

| i SRV HCB L b tFesdied &9, thRi EETRROBL ATl RP JrVige 8o as
connected to.a vacuu unmp .and vacuuned by a negativye__.
orERGRAIED HiHEE HHRP L B Ao GO NF AHRPR (AL §Lsaning
suction

d. and.r.empved through,t.he aeration film 15
PEEHREE e Be s FETREEE LW S SEAR AP |

T

solyeghbypL PEnt "¥ERLIARE 40 HPNEVELaet Bt 1E£2889hcENSn this
above conventional f 1Imtype deaeration device, the
depgfah t OfoduhbAti § £XRENSREMARN oG08t £iOh-thpeda¥be®ation
Is high and further, there is such a di sadvant age

t haéviéel GaDRELESARNkALIOR FAAnDWHIAMK WdEddI®nly air. A
deaeration filmwth a certain interval, which causes
COoséa@ndt i ahothahbér prwini ¢lh einaceeal eihepdew| ces divided by
Moreover, the f ilndeaeration device can be applied

ond ydémenatbonbfista theantwg thegumbersi,nogenefawhisidis for
it is difficult to be applied to 3 hydrocarbon-based
orfkovimata tlyigpiicl danbrgdeaguatied, €hbde tihamther of which

above fil mtype deaeration device, a
is connected to a vacuum pump and vacuumed by a negative

pressure go that the disgsolvedair in the liquid is suctioned
and removed through the deaeration film.
[Patent Document 1] Japanese Patent Application

Laid-OpenNo. 2004-249215 (all the pages, all the drawings) .

SUMMARY OF THE INVENTION
[Problems to be solved by the invention]

However, inthecaseoftheaboveconventional film-type
deaerationdevice, the deaeration film is expensive and cost
of thedeviceishighand further, thereis suchadisadvantage
that it is necessary to replace or backwash the deaeration
film with a certain interval, which causes cost and labor
formaintenanceof thedevice. Moreover, thefilmdeaeration
device can be applied only to water-based cleaning liquid

in general, and it is difficult to be applied to
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vacuumtype deaeration device and a turbo-type
deaeration device are known. Wth the vacuumtype
deaeration device, 5 a sealed deaeration tank is
filled with a certain anmount of cleaning |iquid, and
air in an upper space of the tank is vacuuned by a
vacuum punp so that dissolved &ir in the cleaning
liquid is taken out and ejected. Wth the turbo
deaeration device, after a sealed deaeration tank is

f ibydxeqaarhprhbasedr pai Bodivemit- o | Baamipg i Hggids.
the cleaning liquid, in_the deaeration tank is ejected

in a | areT Shamtdadbrye dddrsdypsygdgassgiptafsyice . @
f the cl ' liquid flowi ' the d ti .

C aFRC o ERer ders b Lot e e Ad A bUTBEL kR dRReration

inlet, side and an .ou‘gleé %il de of g .deagration 15 4 ..o

t &k $O taﬂ"a?ﬂf‘ﬁ’_@’dls df et @i’ PR he B g_ﬁlngtllqwa ’

Itﬂa éé‘&géa&éé‘éégﬁ%aﬁngahﬁ %gkfflfg& ﬁﬂgheéegéﬁgag amount
I's pressure difterence. wever, these devices have

;ﬁf%ﬂ&&&@gﬁ@&%&&rﬂf 5 aqp%pﬂfr U 382 HRN tank

cl ency, nai nt enance of thé devi Ce can not

be;i $atd Sl Ay th&ra3AEn piihg i98 thite dR@%ARled air in the
i nvention was nade in ordér to solve the above

Probd SEng N fasd s ObdIeEh dot R icde e dlPAewaithORhe turbo
device which i's excellent in deaeration efficiency,

Cabéae Pt ion e andfeetya BRidlienasaeratdodntank is filled

ul trasoni c cleaning 25 device using this deaeration

dewi ttle a i diini amnbuatto Hélehaingrileisantd, hhemtliasnisg Ldquid

provi de an ultrasonic cleaning device which generates

mi i cheudbhesatiionet ank s bl ewiteldaih abazgedf bfw ratepwhile

several tens pm) at an outlet side of a circulation _

pudgcreroing arsupmgy wnnt ohédier cd egpdag Léaquiddflowing

perforns .
into the deaeration tank to generate a pressure difference
between an inlet side and an outlet side of the deaeration
tank so that the dissolved air in the cleaning liquid in
the deaeration tank is taken out and ejected by this pressure
difference. However, these devices have respective merits
and demerits, and all of deaeration efficiency, cost,
maintenance of the device can not be satisfied at the same
time.

The present invention was made in order to solve the
above problems and has an object to provide a deaeration
device which is excellent in deaeration efficiency, cost
performance and easy maintenance and an ultrasonic cleaning
device using this deaeration device. Another object of the

presentinventionistoprovideanultrasoniccleaningdevice

whichgeneratesmicrobubbles (fineairbubblewithadiameter
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ultrasoni c cleaning of an object to be cleaned in the
presence of these mcro bubbles. 5 [Means to sol ve

the probl ens] As descri bed above, the conventiona
deaeration devices do not satisfy all of deaeration
efficiency, cost and maintenance at the sane tine.

Then, after committed 10 experfnents and researches to

sol ve these problens, the inventors have devel oped a
deaer ati on devi ce which has high deaeration

efof dikhoyseveral ceans and ahan paitdednahde e encigpphation
a sinple structure, and an ultrasonjc cl eaning device
usPHEP ithropghiAni ving updpka SR O iRoPREitiopgnd performs
conprises a flow passage through ich cleanin

CeEF i Rae e 1 9an i Oh 4B SRIFCE EPE ot RBRC M e presence
i nspde, sectional ar of the flow passage is narrowed
isoérBBFﬁ%dm?ﬁrPhgu%%&ﬁspassage whi ch generates

cavi tation (bubbling phenonmenon of dissolved air 20 by
rapi d pressure change) at the rear of the throttle

POF k. dodhssolvyed. ai k. i he cleaning liquid is
bug%%%gsbggt ﬁgh'%%a\t/:}ﬁt%a ?lc?%l T Ste] above deaerati on

devi ce igs UgR@MA AL NAbeoBNeCi gl cBRviche (WA 10f dBaeration
cleaning-liquid circulation path for 25 circul ating

t hee¢i€aBi d@ ddtlldatidFA L0l1edFH AgakBleicher ikl ency, cost
cleaning liquid is circulated by a circulating punp,

t hendimaphveflance at the ek&@nitigd. ODhén{| adteg committed

t hrough 5 the cl eani ng-

| i expeleimentat aadpaeRieshuwldcdy cavitat thasei prohéems, the

deaerati on device, and the bubbl ed dissolved air flows
inventors have developed a deaeration device which has high
deaeration efficiency, less cost and easy maintenance even
with a simple structure, and an ultrasonic cleaning device
using it.

That is, a deaeration device in (1) comprises a flow
passage through which cleaning liquid passes, in which a
throttle portion where inside sectional area of the flow
passage is narrowed is provided in the flow passage which
generates cavitation (bubbling phenomenon of dissolved air
by rapid pressure change) at the rear of the throttle portion
and dissolved air in the cleaning liguid is bubbled by the
cavitation.

The above deaeration device is usged by being connected
on the way of a cleaning-liquid circulation path for
circulating the cleaning liquid in a cleaning tank. When

the cleaning liquid is circulated by a circulating pump,

the dissolved air in the cleaning liquid flowing through
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back to the cleaning tank together with the cleaning
liquid. Then, the bubbled dissolved air is ejected

fromthe liquid 5 surface of the cleaning tank to

outside of the tank. A deaeration device in (2) is
characterized in that,

i nt hedeaer ati ondevi cei n(1), t hef | owpassagei sconsti t ut ed

by a def ornabl e el astic tube, a tube-sectional-area

vary g mechani smis attached which can vary inside
efelt% apningaliguéd aimeulafcioppptbisbvblrdly aayitation

tupe, and the throttle portion i s fornmed, by pressing

op’é?‘ ﬁFﬁcﬂ?QﬁrQq‘ﬁPn tiEBéf-'@ecﬂ%ﬁHP %%ﬁ}?ﬁ@ vedair flows

ﬁ%@e’?@m B SR CR OB GRS e Fhf A eanihg 1iquid.
i R MERIeY RePaeiasd RiRs Zﬁeﬂ% 4#%%%& Liquid

sdﬁichgcg“gft be! BAQLRUBPIULON SUGIES or tno conk

Therefore |ng |qU| passes

throttl % QR% telr%@logqgeyfu.%\ghéﬁl j t:I.ys %Ia%%eéﬁla}ﬂ in that,

and dynam c pressur cleaning T'1qui

“%HE%¥dé§b§§@noﬂ&é¥1&éﬁétff'EhEEQ%%ﬁ#%éébéﬁ@bgh¥t1tuted
| owered. On the other hand

afdse EIQ:?éﬁd: AR &@M&Eﬁb&' ePetbe0BekbheonRasestdPRakying
area is widened and the fIOM/veI00|ty is slowed, and

t hfecliymmbgh G Patsavhredihibh chrarifg :Jﬂmed_ses:tlo_nal area

rapidly lowered, while the static pressure is rapidly

r s athe 2abdhby phesabnyetkiap Ihgr bs ke Clamdgehectchersttle

inthe throttle portion of the elastic tube,

cawotedomn i gefmmeedd byn tthesmimst r epersitdenof efie the

throttle portion, and the 6 dissolved air contained in

t Heuleg e2@d hgohk §uptteps veerhlingd megtharhieemownst r eam si de

of the throttle portion. The bubbl ed

Since the deformable elastic tube is used, when the
tubeispressedbythetube-sectional -areavaryingmechanism,
the pressed portion is squeezed, and the inside sectional
areaof the tubeis reducedand the throttleportionis formed.
Therefore, when the cleaning ligquid passes through the
throttle portion, the flow velocity is accelerated, and
dynamic pressure of the cleaning liquid is rapidly raised,
while staticpressure israpidly lowered. On theother hand,
afterpassingthroughthethrottleportion, thetubesectional
area is widened and the flow velocity is slowed, and the
dynamic pressure of the cleaning liquid is rapidly lowered,
while the static pressure is rapidly raised.
When the above rapid pressure change occurs in the

throttleportionof theelastic tube, cavitationisgenerated

on the downstream side of the throttle portion, and the
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di ssolved air is returned into the ultrasonic cleaning
tank together with the cleaning liquid, raised toward

the liquid 5 surface of the cleaning tank by buoyancy

and ejected from the liquid surface of the cleaning

tank to the outside of the tank. A generation anount

of air bubbles by the above cavitation is varied
according to the sectional area of the 10 throttle
portion, and if the sectional area is small, the

préssge tvedanie sontainedrin thhe gde@mndmg 4 Hawige igngubbled
thus, the bubbl e generation anount .is increased

W shiefdeyas tseami B ofridie EBTPALE POREIPRes g bubbled
change in the throttle ortion js small and the

bubbF 80 GEad ity aﬁ_%mgﬁlsmrtajabe&lﬁ%amﬁfgﬁanw tank
f E%%%é?ﬁ%{:g%et _egg:?:)(::’]:g%%?{gga loifql.}ir}f, ?:la?.ssteldctoward the liquid
-areavar yi ngnechani smt heubhl ner.at | t

o EREr | TR bty Ko B BRRFART LA U eron

o : . . Lo -
Coni® o B kA S GLIAN WS dg Bl 1B eng oprgide of
deggLatLQR device with the above structure uses

cavitation due to pressure change of the cl eaning

liquid, a aggnEEQtib_‘hU%@nt!: SoexXliebyLE1 88! ®yanchéadbove
be provide at an i nexpensive cost. Mreover, if the

el @gvi€at Vb i vasaridatchiriingheo dJraBeBY ibn@li dréa of the
conposedby f luoro-rubber 25 or the |ike, not only

wet et o basedo st eathNgahd qif dHitserd tsional earéand d iseaild , the
of hydrocarbon-based or solvent-type can be used, and

t hpse extrenshange den wéves hirbtl el sovbiannes.large and thus,
deaeration device in (3) is characterized in that,

i ntivedeakbiei groevraddion [amaundf | impircrersedonwhilat 4§ the

sectional area is large, the pressure change in the throttle
portion is small and the bubble generation amount is reduced.
Therefore, by changing the sectional area of the elastic
tubebythetube-sectional-areavaryingmechanism, thebubble
generation amount can be controlled. As a result, the
dissolved air concentration in the cleaning liquid can be
controlled and is adjusted to a target value.

The deaeration device with the above structure uses
cavitation due to pressure change of the cleaning liquid,
and the structure is extremely simple and can be provided
at an inexpensive cost. Moreover, if the elastic tube in
contactwiththecleaningliquidis composedby fluoro-rubber
or the like, not only water-based cleaning liquid but also
cleaning liquid of hydrocarbon-basged or solvent-type can

be used, and thus extremely wide versatility is obtained.
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by an undeformable rigid pipe and the throttle portion

is fornmed by narrowing a dianeter thereof at an
appropriate 5 position of the rigid pipe so that the
throttle portion is not adjustable but fixed. A
deaeration device in (4) is characterized in that

af | owpassaget hr oughwhi chcl eani‘hgl i qui dpaSBesi sprovi ded

and an obstacle is disposed in the f | ow passage to
generate 10 turbulence by resisting the f | ow of

cl eani ng® Kieqens tilmmodglvyicendnf [d imsdwmgmctawiized in that,
cavitation is generated at the rear of the obstacle
sointhedeperatiomdastiag inih) « kbedileomnarpage yargnpsituted
bubbl ed. A deaeration device in (5) is characterized

i iPY 3Rt unEetprmale 1B (RiRe Wt thes e tdilepogtion is
i§ f or d at_an inlet of. a unB cganber of a ,
Fl#?ﬁﬁ% i g PUNPCYLBe §u%b?9$tP cbhergPicphafPngPPTroPTriate
' i d d i.tati, | S. ted at. th f th .
{ R EFEORATT IOHF 20 SrP tPReo0; KARF i AIFq ot Y Eortion is
?I g@iggihggg%ge!gugugggi%;tZO A deaeration device in
S in a

characteri Ze a bl ade profile of a

propel | gf aa‘aeardacg{&w 16k RUM 4H04 5 SHBRYAEAG & in that

cl eaning 1 qui S made asymmetrical an cavitation

| S3 gENEhaALEA R AFUL PN 06 81 bAH 1 RN ipS¥sed D8brovided
5 Pa es

the dissolved air in the cleaning uird i's bubbl ed.

25 dH bbatakile thafispWiss@viC @heNs{dw dasddgdlerrgaherate
cleaning liquid using anyone of the above deaeration

deyh €681 eRBE Wh2easbeiniethé EIdWwbE dTeddhing | IiAsithrough
cl eani ng device 8 provided with a cleaning tank
at tlae hEtbwiigide sy el tarad @ t awien gienefeaieratfad at the rear
ultrasoni c cleaning of an object to be
of the obstacle so that the dissolved air in the cleaning
liquid is bubbled.
A deaeration device in (5) is characterized in that
a throttle portion with a small diameter is formed at an
inlet of a pump chamber of acirculating pump for supply/feed
of cleaning liquid and cavitation is generated at the rear
of the throttle portion so that the dissolved air in the
cleaning ligquid is bubbled.
A deaeration device in (6) is characterized in that
a blade profile of a propeller of a ¢irculating pump for
supply/feed of cleaning liquid is made asymmetrical and
cavitation is generated around the rotating propeller so
that the disscolved air in the cleaning liquid is bubbled.
An ultrasonic cleaning device in (7) is to deaerate

cleaning liquidusing any one of the above deaerationdevices

and characterized in that, in theultrasonic cleaning device
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cl eaned by imrersing the object to be cleaned in the
cleaning tank filled with the cleaning |iquid and
irradiating an 5 ultrasonic wave fromthe ultrasonic

wave generator, a cleaning-liquid circulation path is
formed so that the cleaning liquid in the cleaning

tank is suctioned by the circdlating punp and

circulated through a predeterm ned path and then,
returned into the cleaning tank, the deaeration 10 .
devFeeided it deatiianaibenk abtachgdbyity apnnteragonic

on the way of the cleaning-liquid circulation path,
di%aye ggperator for ultrasonic cleaning of an object to be

A T R B Sl B
2r€%%t Egl ?g% | %g tgxl %i%l \éﬁdeaqilirngf '1°sﬁ"§u1bc?°é‘né nigrgggating an
t h it ht hegl ' [ [ dd]

PRHELLLDL e g L ALl A syt o

tatﬁ%aﬁ?n%bfiggﬁlai %?.ggﬁ]égk?hérﬁ%atﬁnigl tf'b?.ﬁr@tigst? that the

cl eani ng Tevi n aracteri zed in

they dhh RGO GuEhieaR PReJSYESR1hE €4hk 8B BLEtidBed by the
supply nmeans with variabl e val ve openi ng degree is

COPNEEH BEt ORg e HONE &t keaTatieder 19f ol fE adfafistd Mfined path

device so that air can be supplied by the air supply
MeRiS tHE10, e heddiiito [dHiicdidagiinig thhkQughe deaeration
t hecl eaning- liquid circul ati onpath. As descri bed

abdberelcel 11 amopianes mifh iy edsiree (dUr itlrg (625 il toaserited on
cleaning is largely changed according to the

di sseweadodii the aricent irgd + biguid tdier wilestni oy paitdui diséplved
the other hand, the dissolved air concentration is

di speisshes liganing litqubd fdowdpartdinayagiit ke gl @aning-liquid
gquantity such as the shape of the cleaning tank (area

i ctepehetiant gaapnégphggb}eﬂapgr the deaeration device and

the bubbled dissclved air flows back intc the cleaning tank
togetherwiththecleaningliquidsothatthebubbleddissolved
air is ejected from the liquid surface of the cleaning tank
to the outside of the tank.

Anultrasonic cleaning device in (8) is characterized
in that, in the ultrasonic cleaning device in (7), an air
supply means withvariable valve opening degree is connected
on the downstream side of the deaeration device so that air
can be supplied by the air supply means into the cleaning
ligquidflowingthroughthecleaning-liquidcirculationpath.

As described above, ultrasonic sound pressure during
ultrasonic cleaning is largely changed according to the
dissolved air concentration in the cleaning liquid. On the

other hand, the dissolved air concentration is dispersed
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depth, etc.), circulating state of the cleaning

liquid, tenperature of the cleaning |liquid, outside
tenperature, 5 humdity, etc.

Andi ti ssoneti nmesdifficul ttounanbi guously specify the
ultrasoni ¢ sound pressure only by a specific state
quantity. Then, in the present?invention, efficient

and stable wultrasonic

cl eani ngwi t hopt i mal | ymai nt ai nedsoundpressure 10 of

t hin @ Wde grmngedepeRdd ngce stadle gean by timugly pAfhe shape
time-series data of input/output signals of the

ul 9§ &henrtearirghianc dé‘FFéel%§Pﬁ§a§g‘c‘6hﬁbta§tm‘tﬁplﬂiée' water
like at control of the dissolved air conceptration_in ,

t HeeRFRr a8bAr S ' cPEERIG IR iRt Dy T oTRT gﬁf?ﬂﬁlf‘ﬁellq‘”d'
i nput /output relatjon of the 15 ultrasonjic,.gleanin
debPuesBntte: Rhr thace Seni be LiMut 8 GHE 81 85; EoLPagature,

A 115l L AT D Bt
Corfect e REE AR cTUBLAN KxBhelit® bindG, pFTS Bpecieic

thee 20 yhbh¥akiat e autoregressive nodel configured on
software.” That is, an ultrasonic cleaning device in

(9) is Thew AGkrLEheCHriBehbainveitibe, BLfASDEME and stable
cl eaning device in (7) or(8),the nultivariate

aui DE£GEEA S b\ea dipficlg witbpgimh D e ymadtQiiiliéound pressure
relation of the ultrasonic cleaning device 25 is

conf i gheedi Xt wasdiic t waees didsesbéah a refaltired | by abknalyzing
state quant i ties including at |least the di s solved

ai timenseniestdava of ihpetdoeiputgsiggaild, o firkdhe hdtrasonic
di ssol ved air concentration 10 of the cleaning liquid

i sctoaning| dehibsedosinhengomprdarape that bikgrak siopgrol of

nodel .
the dissolved air concentration in the ultrasonic cleaning

device, by configuring the input/output relation of the
ultrasonic cleaning device on software as a multivariate
autoregressive model having plural state quantities such
as dissolved air concentration, liquid temperature, flow
rate, room temperature, humidity or the like, and by
controlling the dissolved air concentration based on the
multivariate autoregressive model configured on software.

That is, an ultrasonic cleaning device in (%) is
characterized in that, in the ultrasonic cleaning device
in (7) or (8), themultivariate autoregressive model showing
the input/output relation of the ultrasonic cleaning device
ia configured from the time-series data of the plural state
quantitiesincludingatleastthedissolvedairconcentration

of the cleaning liquid, and the dissolved air concentration
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An ul trasonic cleaning device in (10) is characterized
inthat, in the ultrasonic cleaning device in (9) , a
learning 5 function is given to the nultivariate

aut oregressive nodel, the tinme-series data on state
quantity is neasured/collected regularly or when
necessary and the nultivariaté9 autoregressive node
configured based on the previous tine-series data is
nodi fied by the obtained tine-series 10 data. An

ulaf bhesileasiizan iguidipcontrqliigdbased andhiprplbivariate
inthat, in the ultrasonic cleaning device in any one
ofaufgnegpegsdye modrdani ng-1iquid suction port of the

cleaning-liquid circulation path is opened in an upper .
part 15%§'{ HétBPSPHéc&]&ﬂﬂW flgﬁ&gegﬁﬁ?aogi is charaggerlzed

cl eaning-1jquid dj scharge ort .is ened ,in | ower .

it thRds 11 the et AR Lo hganing SBVERE 105 orf Tearning
ort. ul.t rasoni ¢ _cleani device 1n.(12) iS .

Crapi i PR BT Rb GRS VR (T b B bmatye model.,

d eﬁ’ﬂ& Ell‘ﬂg - Q%&%%fdné’hgﬁ% t(a7t)e %lga{i%%ky i% :Eéé’é(ﬁ?éd}/QSl lected

cl eaning |1 qui ean

[ vapyi n I C j un t eap; Ng4 i
I?ﬁél,?gﬂ%ﬁw ¥ NGAL g:#é%%é‘géﬂ? Lofa thatd eaiN8ivariate

rough contro e clrtculating punp so that

theut S S§PLYSIval ImdIcenbhat HARekN Bdad| 8aNIHHE t BBkvious
beconmes "uniform 25 An ultrasonic cleaning device in

(1B)mé Se6haeaCigELZE8 mbdifhall, by NthBcobtaing@ntEme-series

cl eaning device in any one of (7) to (12) , the

digstdved air concentration of the cleaning 11 liquid

is controlled to be not Iess than 2.5 ng/l. An

ul t r asorfircutteasbndcdsdeaeingndetdpeiin Cha) dct ehazadterized
in that, in the ultrasonic cleaning device in any one of
(7} to (10), a cleaning-liquid suction port of the
cleaning-liquid circulation path is opened in an upper part
side of the cleaning tank, and a cleaning-liquid discharge
port is opened in a lower part side of a tank wall opposite
to the suction port.

Anultrasonic cleaningdevice in (12) is characterized
in that, in the ultrasonic cleaning device in any one of
(7) to (11), a flow of the cleaning liquid in the cleaning
tank ischangedbyvaryingacirculatingamountof thecleaning
ligquid through control of the circulating pump so that the
dissolved air concentration in the cleaning tank becomes
uniform.

Anultrasonic cleaningdevicein (13) is characterized

in that, in the ultrasonic cleaning device in any one of

(7) to {(12), the dissolved air concentration of the cleaning
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in that, in the ultrasonic cleaning device in any one

of (7) to (12) , a propeller-type punp is used as the
circulating 5 punp, and the dissolved air

concentration of the cleaning liquid is controlled to

be in a range of 2.5 to 3.5 ng/1l. [Effect of the

i nvention] According to the déderation device in (1),
since the 10 dissolved air in the cleaning liquid is
energed as ai rbubbles using cavitation tobeseparated
andiejwid etis f conthetlednitrgbel Nt deashedhinsdi vang bl +

can be easily and surely renoved fromthe cleaning ,
liqui d évenlireroricodganagdevigedn 1t )disfaracterized
Therefore, constitutionofthedeaerationdevice 15 and

hetit Ehafer it i FRe U} bERBPRES cF LBARABIdESVEESCAR BBY one of

ST e B e T S8 B o g 2R e 2l B ang
| astic t ' d.and, the throttl t ' .
R R
f d. by, ' iG t j ¢

LB RAR DL P30 o I RS o530

di ssolved air in the cleaning liquid canbe freely
controlled. Also, if fluoro-rubber or the like is

us terLak : el astic tube, not on
V\ﬂ?éejfr%%g 8Bl Ehb l:l.nvgﬂq:lbilﬂg y

ed cleaning |iqu 25 but hydrocar bon-based

or sol velded ¥dPeng | teARKAIabha¥RE i6aNdePECHSES. (1), since the
According to the deaeration device in (3), since the

1231wl peaalilrein tBb¢ I AiRiril igaiddtethdegélinatdiebubbles
portion is fornmed by narrowi ng the dianmeter of the
rigsingepeitatish appe eppaaiat adosid edacthdrfocim thdeleaning
deaeration device with
liquid, the dissolved air can be easily and surely removed
from the cleaning liquid even with an extremely simple
structure. Therefore,constitutionofthedeaerationdevice
and hence the entire ultrasonic cleaning device can be
simplified, and costs can be reduced.

According to the deaeration device in (2), since the
deformable elastic tube is umed and the throttle portion
having an arbitrary size of inside sectional area can be
formed by pressing the elastic tube with the
tube-sectional-area varying mechanism, bubbling of the
dissolvedairinthecleaningliquidcanbe freelycontrolled.
Also, if fluoro-rubber or the like is used as a material
for the elastic tube, not only water-based cleaning liquid
but hydrocarbon-based or solvent-type cleaning liquid can

be used.

According to the deaeration device in (3), since the
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hi gh strength and excellent durability can be

obtai ned. 5 According to the deaeration device in (4),
since the obstacle

i sdi sposedi nt hef | owpassaget ogener at et ur bul ence by
resisting the flow of cleaning l'iquid through the flow
passage and cavitation is genéfated at the rear of the
obstacle so that the dissolved air in the cleaning

liquid is bubbled, 10 a throttle portion which
retcfader%@rlualplécniglérnenssee wsednardnekegcthaafthprportion
and the deaeration device can_be produced nore

eakt 15prmed bV tRr¥oving HaectdErehegerfcEhpnrigid Pipe at
since the throttle Eortlon with a small diapetey

f AHERPECPEHE HePeel tigndt ?W%uﬁﬁ‘ec%%%ﬁ?tb?ntq?é’lce with

ol B i opR R eshR SR it TN G oo deatned.
the &l | | he, . d .
3133' Icg aniccglﬁ agé p%ultgt uclriieaerag.uLgpl %gvé%ng n G&f}e,r %Eh%% the

rgl'?&[%:‘ogisaqu% eaer a%lll.%ﬂsag %%ﬁ:?f’& ? &i‘f@@f{fghulence

deV|ce usrng-th e present

ek e A c&%%‘i’l ‘iiign 9 1'&;%1@ %h%%.%&latth%n flow

deV|ce in (6), since the blade profil

Propedd 8L 2Rl dalis te ¥ 8L hRdePYMRA s tH@gSar oftheobstacle
asynnetrlcal and cavitation is generated around the 25

r @ tchad PheRrald£51ed hhat ik healbseahvagd Biquid itdhBubbled,
cleaning liquid is bubbled, the deaeration device and

truaﬁhfdmﬁrﬁlﬁmmtpuﬁpwnﬂ@hbfeQﬁnséstaieﬂlcnnegpabbpsses is
and the size of the 13 ultrasonic cleaning device

usiatg neled edicamey sbirenaxié thecdeder s hboprdsseide candrg ponduced
can be reduced. According to the ultrasonic cleaning
dewoxe e¢asi¥y,

According to the deaeration device in (5), since the
throttle portionwitha small diameter is formed at the inlet
of the pump chamber of the circulating pump and cavitation
is generated at the rear of the throttle portion so that
the dissolved air in the cleaning liquid is bubbled, the
deaerationdeviceandthecirculatingpump canbeconstituted
integrally, and the size of the ultrasonic cleaning device
using the deaeration device of the present invention can
be reduced.

According to the deaeration device in (6), since the
blade profile of the propeller of the circulating pump is
made asymmetrical and cavitation is generated around the
rotating propeller so that the dissolved air in the cleaning

liquid is bubbled, the deaeration device and the circulating

pump can be constituted integrally, and the size of the
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since the cleaning liquid in the cleaning tank is
deaerated 5 using the deaeration device in any one of
(1) to (6), the dissolved air in the cleaning |iquid
can be surely separated anddeaerated. Al so, since the
deaeration device with sinple structure is used, the
devi ce can be provided with réduced size and price.
10 According to the ultrasonic cleaning device in (8),
since air can be supplied by the air supply nmeans into
t heltrpeaningc] eaniagf deving uhinadhe N&acﬁrraé-'tﬂ% idfyice of
path, the dissolved air concentration_can be freely
corRe OPF @8 SnACc GV o A3k R tFeifL: cl eani ng
device in (9) 15 since the nmultjvariate

aut or egrRRePERLAB P "sl'l'f’b\}dld-'g‘-’ RPi¢ GhRFtRpFevice in (7),
re%?%é%r%hef Froreime Tinnioafs MR AT ek Rt i feaerated
co A

AR SN T

.Coé?fS i?%h?&.asggoﬂ?%%hggﬁlﬁgr gﬁ'ig c2aQ1 be surel nggparated

| SCOH ro emul eaut or egressi v

st 2hk A ekt CAELSa@'J.?lg:eC@{]e BEat2hihBd Ui ¥ thsimple
when the cleaning state is changed (seasonal

enyt+RBERPLA] s GIHIHE thelaBvat el AR g el wiltd k¥duced
change in cleaning frequencies

pesdayoanpepaticegnet hod, etc.). Al so, stable 25

cl eaning can be carried out even when distribution of

the di ssetoedingresdloenilitatdssnis cdhengiaty deerioe tile (8) ,

shape of the cleaning tank (contact area with

at sbspheatr awmi dre deppl iet¥bgt the. aidcoupp g nepnshanto the

ultrasonic cleaning device in (10), since the

| e@teangnguhtandd flowingrthxoude the dirmilation path, the
dissolved air concentration can be freely controlled.

According to the ultrasonic cleaning device in (9},

since the multivariate autoregressive model showing the
input/output relation of the ultrasonic cleaning device is
configured from the time-series data of the plural state
quantitiesincludingatleastthedissclvedairconcentration,
and the dissolved air concentration in the cleaning liquid
iscontrolledbasedonthemultivariateautoregressivemodel,
gtable ultrasonic cleaning can be carried out even when the
cleaning state is changed (seasonal environmental change
such as temperature or humidity, change in cleaning
frequenciesperdayoroperatingmethod, etc.). Also, stable
cleaning can be carried out even when distribution of the

dissolved air concentration is changed due to the shape of

thecleaning tank (contactareawithatmosphere, waterdepth,



10

15

20

25

aut oregressi ve nodel, the configured nultivariate 5
aut or egressi ve nodel can be evolved closer to the
behavi or of the actual ultrasonic cleaning device,
and nore excellent ultrasonic cleaning can be
realized. According to the uItrasonlc cl eani ng devi ce
in (11), since the cleaning- I|qU|dsuct|onportof t he
cleaning- liquid 10 circulation path is opened on the
upper part side of the cleaning tank and the cl eani ng-
1 ¢8@t dei schargeport is opened on the |ower part
side of the tapk wall opposite tqQ the suc¢tion ort,
the cl eaw?@rqhaa.%? ﬂh&,vglaragsﬁm ylepRard %‘?Wég‘é?ri‘dl (10),
t he, cl eanj ng, t ank n itation of the, c

heSaegenipd anas

| | 5iRGS cBhe 1k BELPE 5&°§o"thf"vﬁﬁ‘rrﬁﬁeﬁfa‘?af"g&ﬁi&ariate

th d t t | d. .

ERFaT R EEsiRe | TPASEN (MHen, FRREAGANE] TR} dvariate
i Law,af | ,

S RGEaLaELLL %?"%a‘f“%i%n%é"gPréc%?"%cd‘i‘”ﬁg %ﬂ%ﬁ%keﬁ‘?'%ﬁ%‘”“

C' S@r&'ﬂégaé&&a'i% o%?:égyr&%g{alegﬂ&hgldﬁié@,eaﬁhrﬁ&é@bkegnent

punp, agitation eani ng

| i gui dhpbhee! eariandtniceanihal urddrer sdd nul ated,  which
can further accel erate honogeni zati on of the dlssolved

air concepkspding tHeHd dlhgakontikeclehhangndévice in (11),
cl eaning device In (13), 25 the sound pressure of

ul #insenhe dlan iasd hiogqud statched port diehée oleahing-liquid
attenuation state and stable ultrasonic cleaning can
bectaculediont paAbcdedbpenied bhe thepappeenpsiky stide ©¥ the
inventors, it was found out that the dissolved air
conteaningitemkaind tiee cleaning - Liquiid disqhraxagepdt yigopened
less than 2.5 ng/l to maintain the ultrasonic sound
presdipeclower part side of the tankwall opposite to the suction
port, the cleaning liquid flows diagonally upward crossging
the cleaning tank, and agitation of the cleaning liquid can
be stimulated so that homogenization of the dissolved air
concentration can be accelerated.

According to the ultrasonic cleaning device in (12),
since the flow of cleaning liquid in the cleaning tank is
changedbyvaryingacirculatingamountof thecleaningliquid
through control of the circulating pump, agitation of the
cleaningliquidinthecleaningtankcanbefurtherstimulated,
whichcan further acceleratehomogenizationof thedissolved
air concentration.

According to the ultrasonic cleaning device in (13),
the sound pressure of ultrasonic wave can be maintained in

the lowest attenuation state and stable ultrasonic cleaning

can be carried out. According to the experiments by the
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the low attenuation state. By having such a

concentration, 5 attenuation of the ultrasonic wave

can be reduced to as low |evel as possible, which

results in efficient cleaning. According to the

ul trasonic cleaning device in _(14), mcro bubbles can

be generated at the outlet si of the

ci rcul at i ngpunp, andst abl eul t rasoni ccl eani ngnot af f ect ed

10 by change in the environnment (roomtenperature, )
hul¥deRyor gy rokbhatas fressur eutet b3t cihde dd@malaed air
out by various effects_of these mcrq bubbles. Note

t IEPnERRERRELBDRB SRS c}RrRIBI LIS 48 RFPEBEABLY not 1ess

with a dianetgr of 10 to,several,  tens pm at H;e .
geHBRRA v /1 8 BALRBALBI bhe 1L FHATOPLS SRR Brqagure in
tit d that the cl ' l.i qui d i ' lated.
LSPRG PP byerEar CTBChiRy 4V LA od Tich & FRRCRIRFESion.
thgtéé uQHQQ' CSE g‘:%%e(lﬂ:?%s%l%b%%{rgtégx? bd gehn%ed as low
deZerat T on devi ce are sheare ythe rotating propeF?er

of1LDE1 CLE%B@EEB&&“%%&%&%%&P&S | fyeds EPcPSnﬁecleaning.

extrenely 20 mnute ‘air According to t

exper i MY S PYih% o !t‘?l\ée{lﬁ.gi‘asohticy\@ﬁegﬁ!ﬂﬂ% Qbitbaln (14),
when the dissolved air concentration of the cleaning

| i g3l Hol BuBBIEEOLhAIbENgEABratade a®f tReSou®125 siWd of the
the air bubbl es generated through shearing by the

r o¢ 8t bAlapiApehing, ARTHEELL B ldirh sl Elsedbinghbtatfected

extrenely small dianeter, so-called "mcro bubbles."

Thbhg chaige hitbhlhe kasittbanieditd dwokegr thapachduirst,i bemidity,

that the conventional mllineter-sized air bubbles do

noatméshheeic(BPreFhurei sehg. $pead be mariendloutskyl Farious

and it self-contracts while noving in the cleaning

| i gEfeckrkat these micro bubblea. Note that the micro bubble
refers to a fine air bubble with a diameter of 10 to several
tens pm at the generation of the air bubble.

That is, when it is so constituted that the cleaning
liquid is c¢irculated using a propeller-type pump as the
circulating pump, the air bubbles generated by cavitation
inthedeaerationdeviceare shearedbytherotatingpropeller
of the circulating pump into finer level to be extremely
minute air bubbles. According to the experiments by the
inventors, it was found out that when the dissolved air
concentration of the cleaning liquid is contreclled in the
rage of 2.5 to 3.5 mg/1l, the air bubbles generated through
shearing by the rotating propeller become the air bubbles
withanextremely small diameter, so-called "microbubbles."

This micro bubble has the following characteristics

that the conventional millimeter-sized air bubbles do not
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drifting to becone a smaller air bubble alnost in the
mcro 5 nano size; (B) Substantially uniform bubbles

are generated, and excellent in dispersing property;

(C© To have a mld fluidity and a diffusion

characteristic in a wwde range; 10 (D) To have a

resonance phenomenon to ultrasénic irradiation; (E)

To have an inherent physicochem cal characteristic;

and (F) Inducing bioactivity to a living body. 15 Each
ofhave: above characteristics, especially the
characteristics in (A to (E) further pronotes uniform
di sper si B ofhehe ifigkhi Apeptqdisd $RE¥EReLY e SMAI 1t eﬁﬂd it
and _ honogeni zes the_di ssolved air concentration,ove

t e hhofenthpessorhife BoFdmichgn dike ‘x‘z&ﬁ%‘lﬁ”i‘%aﬁ‘%%d like

I rasoni ¢ cl eani ng 20 no affect e in t
PEPlnd o BRRoRR A i1 Shp e bapBle Rty the micro

atnD %herlc pressure. Al so, stalns in the cl eani ng
| iy Y BeBBfre hardly to coagulate and a large mass of

e B A B ek b 82 S Yokl oa, ana

that alt aré raise

trgfﬁgflgéttngﬁggagEg%eg:%%g d he state adsorbed

em crobu t l'es are negatively

charged e P Ubhliagy EEQ.B@.IdJ.Q@ChaQHheE byiffusion
static electricity andw | 1not coagul ate. 17 BRIE

DESCER £ £ 6D Ok 5 EHEnDRAWLINGES riirge;l is a di agfam

showi ng a preferred enbodi nment of an ul trasonic

cl eani ng(mhevré e haeeordli AigsbRahbe pheswiienon te ultrasonic
irradiation;

(E) To have an inherent physicochemical
characteristic; and

(F) Inducing bicactivity to a living body.

Each of the above characteristics, especially the
characteristics in (&) to (E) further promotes uniform
dispersion of the cleaning liquid in the cleaning tank and
homogenizes the digsolved air concentration over the whole
areaof thecleaning tank, whichrealizesultrasoniccleaning
not affected by change in the environment such as room
temperature, humidityoratmosphericpressure. Also, stains
in the cleaning liquid become hardly to coagulate and a large
mass of stains is not produced. For this, it is conceivable
that although the stains are raised while drifting through
thecleaningliquidinthestateadsorbedtothemicrobubbles,
themicrobubblesarenegativelycharged andthemicrobubbles

repel eachotherbystaticelectricityandwillnotcoagulate.
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invention; 5 Fig. 2A and Fig. 2B shows construction of
a deaeration device used in the ultrasonic cleaning
device in Fig. 1, in which Fig. 2Ais a view show ng
a state where an elastic tube is not pressed and Fig.
2B is a view showng a state where the elastic tube
is pressed and deformed to fottha 10 throttle
portion; Fig. 3 is aview show ng a secondexanpl e of
t hedeaerati on device; Fig
4 BRIEE RFHORFAEEONI QHeSFHﬁpPBMIN&?eaer ation devi ce
and Fig. 4Bis a view showing a fourth exanple of
the deadri@ dnifeR dagnap SRqwing f RFAUHESHRW ‘ﬁ‘@b%‘ﬂlment
exanpl e of the ultrasonic cleaning devige c nsgbuc ed N
uS G Bé tFEROTHG Gt SRR R 1B CEREMES: 5O bHPtRTSSen
ex |es; Fig. 6 isaviewshow ngafifthexanpl eof
%ﬂﬁ%ﬁ?bn 20 device; Fig. 7 is aview show ng a
SI Xth exr'a EAoafné E‘ignpafée%g}o%cgﬁ gﬁct.al.gg gf 9 déaé:c‘atlon

a V|em13h ng an ex rasoni c ~cleani ng

d d n
tgaééxgll §%§éa%ﬁ)§§¥g3g%p+£§nﬁgag{%%%§% gUiCRel m aég. 1,

h and si TION OF THE
PREFGRRIER E%ODhA/Ei\E % FieleLhdi RFPOH v EVE S1drd BR elastic
present inveition wl be described bel ow referring

tde B tRehed <o A r!sﬁﬁi Fifg .9-2Bl iisS advdeaUBRBWEAGWANgtate

a preferred enbodinent 5 of the ultrasonic cleaning

dayiénte RO Agt1e tHbePisSHhéssed and deformed to form a
throttle portion;

Fig.3isaviewshowingasecondexampleofthedeaeration
device;

Fig.4Aisaviewshowingathirdexampleofthedeaeration
device and Fig. 4B is a view showing a fourth example of
the deaeration device;

Fig. 5isadiagramshowing an example of theultrasonic
cleaning device constructed using the deaeration device in
the second to fourth examples;

Fig.6isaviewshowingafifthexampleof thedeaeration
device;

Fig.7isaviewshowingasixthexampleof thedeaeration
device; and

Fig. 8 is a view showing an example of the ultrasonic

cleaning device constructed using the deaeration device in

the fifth and sixth examples.
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invention, and Fig. 2 is a view show ng constitution

of a deaeration device used in this preferred

enbodiment. In Fig. 1, reference nuneral 1 denotes a
cleaning tank filled with a cleaning liquid 2, and an
ultrasonic wave 10 generator 3 is attached to a

bottom face of this cleaning t&nkl .

Mor eover, aheat er (I i qui dt enrper at urecontrol neans) 4 is
attachedaround the cleaning tank 1 so that the

t cRBPSFRIBTEONOOFt FEEC IPREFERRED EMROPDIMENESNt r ol | abl e.

A suction port 5 for the cleaning liquid is opened 15 |
at an upperievsedignbedinaate| bihg Prafent ifyendien will
discharge  port_ 6_is opened at a | ower portion_on a |,

t % SBFFrabag bSpoY el aty e "s‘bc’{'lf‘%ngbB?‘Fh‘S‘,i ghgwings -
cl eanin -|iqu£d,circ | ati on gath 7 is forned gy , e
connect i ipdt he £3c2 i SHEPEET BRAKIREhR PHEEERAPHe SPBPAimen
6 w.th each _other. t hrough _pi gi.ng _usin i 2 n

et T ke bl 3R BrBdcH atPrBRgS st Bresent
CTLgoLaLion Pall piq. 8 Cid YA RIS Lole ety of a
circulating’'the cleaning Il1quid i's conmected, and a

deggLalheRoHe¥kes 2 %fsédﬂeirpr&wtgrémfﬂaoamiaédiment.

connected to the upstream side of the circulating 25

punp 8. MdEgQVei, rHEHdnSdRRnerYdl YldriteSHRPldaning tank
neans) 10 with variabl e val ve opening degree is

coppetéadwhehnwaer 1 daifmipasiaiion deyhgecafl andrhBenic wave
circulating punp 8. 19 Furthernore, on the upstream

Si flenetatbe Bengrattathedevd e Bhttford fape ofatthis cleaning
control valve (flowrate control neans) 11, a
f | caakat e Mensovex f Aheatatrd Liepsidtempemsisye ¢dntgolmeans)
liquid tenperature sensor (liquid tenperature
nmedser i harbansind $hand enrdirgsbankd sgithat the temperature
concentration sensor (dissolved

of the cleaning liquid 2 is controllable.

A suction port 5 for the cleaning liquid is opened
at anupper positionof the cleaning tank 1, while a discharge
port 6 is openedat a lower portiononatankwall side opposite
to the suction port 5, and a cleaning-liquid circulation
path 7 is formed by connecting the suction port 5 and the
discharge port 6 with each other through piping using pipes
and the like.

On the way of the cleaning-liquid circulation path
7, acirculating pump 8 for forcedly circulating the cleaning
liquid is connected, and a deaerationdevice 9 of the present
inventionisconnectedtotheupstreamsidecfthecirculating
pump 8. Moreover, an air supply valve (air supply means)

10 with variable valve opening degree is connected between

the deaeration device 9 and the circulating pump B.
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air concentration neasuring neans) 14 are connected.

Still further, a roomtenperature sensor (room
tenperature neasuringneans) 15 and a humidity sensor

(hum di tyneasuring neans) 16

ar epl acedf or neasuri ngt het enper at ur eandhum dity 10

around the device. Since the dssolved air

concentration in the liquid is generally in

proportion to an anmount of dissolved oxygen 02, a

di ssol veRHuOsBERCRRastR | the WRRtTIARME1de olfsﬁbﬂ degeggtion
as_the dissolved air concentratjon sensor 15 The

dé&ﬁ%ﬁ?gm%E%?Eerét?§qa¥§ﬂ%vi%ﬁﬁlglﬁgnéﬁﬁﬁQRF?ﬁ%%§eans)
t di I th
(e ﬁé@%??&a'ﬁw?%g Uffant at?. fEra aido maRgelg 12.
n air bl e e ectab s Mor eover, the
a.+l%b€ beRGSPAErE FERar Tl (L T TCHERT GFe( BFSsuring
S %@éﬂ%f]?ﬁ é ﬁ&g S%Q.Jelaea d} Séﬂbaﬂtkh%ﬁ'o&t J%rﬁwgdlsso lved

t hroug eanlng irqui crrculation

toaif‘% %%%%6 fgéﬁ%\éﬁ‘}ﬁ'gfme&ﬂé‘fqr&t£f‘&'e‘2ﬁ1ﬂé&éé¥:€. still

cl eaning 17 qui . By confralling

deperahlondeyi ¢6od aémbOLahfeS WUl Soval(¥ohd, téﬂﬁerature
di ssolved air concentration in the cleaning liquid 2

Catle®SutiLgntandd rPAhARQ MafkdTEe searbro{hitddiey measuring
(control neans) 17 is to control the operation of the

enhédes ey heep liaz athf maraari agehie t2onsd talse Andhumidity
the flowrate sensor 12, liquid tenperature sensor
13aroisd ot ve e iceonSamiceathend$essdvetidairoconcentration
tenperature sensor 15 and hum dity sensor 16 are
i nputtiee liguifiaistpeneratlyainngropaptiondégerat ppgunt of
device 9, air 5 supply valve 10, flowrate contro
Vaqu@sq_lvgﬁ@:qmreqaz 4a dissolved oxygenmeasuring instrument
is usually used as the dissclved air concentration sensor
14.

The deaeration device 9 is an air bubble generating
means for separating air dissolved in the cleaning liquid
2 (dissolved air) from the cleaning liquid and changing it
to an air bubble ejectable as gas. Moreover, the air supply
valve 10 is an air supply mechanism for supplying air into
the cleaning liquid flowing through the cleaning-liquid
circulation path 7 so as to increase the dissolved air
concentration in the cleaningliquid 2. Bycontrollingthis
deaerationdevice 9 and the air supplyvalve 10, thedissolved
air concentration in the cleaning liquid 2 can be freely
controlled.

The contreol device (control meansg) 17 is to control

the operation of the entire device, to which measurement
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are control |l ed based on these neasurenent signals and

the dissolved air concentration of the cleaning

liquid 2 is controlled to be a specified value or in

a specified range. A data processing device such as a
conmputer 18 is built 10 in or attached to the contro
device 17. The conputer 18 89 as shown in a contro
exanple 4, which will be described l|ater, to analyze

a required state quantity of tinme-series data

i rclarply frem ke of lew-nate ceereprrb i ohidesd temperature
establish _an input/output relation of the entire

ul ¥9RERi L3¢l SdFiSTd VES RlF ceoRSeREFALEPRaS oY 14, Toom
aut oregressi ve nodel on software,, and to cgntrol the

I SR GEAGF ¢ SOUPRORLY Ath HESGH toh SORAST dB AFRetmbutted

nultlvarlqaﬁ aqure ressi ve nod

cg%%t"rl'tfc"t 5+n9h%%a§r 5??%‘?1?35%?8&@"?&‘% 9, air
B. 2 i
SRR of %‘év.zfé\’ea39+ DrafPustir oy v 37 Elip nearer 4
e'aasé o408 0 i 98 B SR o ARG he
2 3 gl

two act uators ar e oppositely arrangé

tI@’é&éﬂédoglkhSOQ'égh%&aq’;flth'oSE ec!l?e“dfeéryﬁ?ggil id 2 is

andpressers 94a, 94bf orpressi ng/ de form ng the elastlc

t ubeh Ord1 BLENEYIBLEH AR £ 14 Vid1heLBESiRfa BpekeEilk@dSange.
93a, 93b of the oppositely arranged two actuators. As

a mat er iziiaeh grec s fbhd dehvik® s9dh dd aiconfridmbBai d Built
use fluoro-rubber or the |ike having 21 resistance

agio st anmHdloed b -tiss edbmdrsbldenicd Ve, Theanomguter 18
liquid as well. This deaeration device 9 includes such
ani sy aangeoentin aocasttol ahamukd ot whathtwicl hibst dascribed
rods 93a, 93b by driving
later, to analyze a required state quantity of time-series
dataincluding thedissclvedair concentration, toestablish
an input/output relation of the entire ultrasonic c¢leaning
device as a multivariate autoregressive model on software,
and to control the dissolved air concentration based on thus
obtained multivariate autoregressive model.
A specific construction example of the deaeration
device 9 is shown in Fig. 2A and Fig. 2B.
The illustrated deaeration device 9 is provided with
a deformable elastic tube 91 with a predetermined length,
in which two actuators 92a, 92b are oppcositely arranged in
thevicinityof thecenterof thiselastic tube 91 andpressers
94a, 94bforpressing/deformingtheelastictube9laremounted
at the tip ends of piston rods 93a, 93b of the oppositely

arranged two actuators. As a material of the elastic tube

91, it is desirable to use fluoro-rubber or the like having
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5 the actuators 92a, 92b, press and squeeze the

el astic tube 91 with the pressers 94a, 94b at their
tip ends, and to form a throttle portion 95 whose
opening area i s decreased (see

Fi g. 2B) bynar r owi ngt hei nsi desect i onal ar eaof t hat porti on.
When the cleaning liquid reacds this throttle portion
95, 10 the flow velocity is accelerated according to
the throttle anount, the dynam c pressure of the

cl ¥aAiA§aPFgui B9rdnpLpi BYJrorarben -bafiade PRe §Paveat-type
pressure is_rapidly |owered, and after passing

t nFLBBRIRHe LiRdE 38 pltlion 95, the inside sectional

f be Jj i dened d the fl | oci is 15
TR R R PR SR EVNE BT M.
th I [ liquid d i dl. ' t ' -
REACE RERTOCHNE VIVAE | IR e

at tLFeaf.ctua ors a, 92b, ipress and s eze the elastic tube
throttTeportrongds, cavitationi sgeneratedont hedownstream

Si glg vP.ftﬁz'O% e E%@gkhﬁsp&i%l %bqgtagﬁeﬁ’_ec:fﬂ 22@sV edndifo form

havi ng e I ssolved in the eaning 1 quid

eNBresSo 981 &ido HMH 85 whbeeCBYenliflg AttadisHMAUhddl (see
the cleaning'liquid can be separated fromthe

cl eagi n@) byl th-Geimy thbuhbl 8% seditididilhrdd ot BRatportion.

separation action of the dissolved air by cavitation
camhbf tlodtdldderhd ) idfuidpesatebear €Aiof tihet the giddteion 95,
portion 25 95 of the elastic tube 91, that is,

f otharfil bactelardl tpdameatel arattetisactotiéngi 56 dtthe dlgottle
93a, 93b of the actuators 92a, 92b. 22 In the above
examphat, tthe dfmani cprebeude ¢ Stherdesodndol ioqwediis rapidly
using the two_actuators 92a, 92b, but

preasead, dehblaathers patiooreduredds BARIA Yy lpwered, and

single actuator. Also, a piston-rod type actuator is |
uséftep passing through the throttle portion 95, the inside

sectional area of tube is widened and the flow velocity is
slowed, which rapidly lowers the dynamic pressure of the
cleaning liquid and rapidly raises the static pressure.

When the above rapid pressure change occurs at the
throttleportion95, cavitationisgeneratedonthedownstream
gside of the throttle portion 95 and the dissclved air having
beendissolvedin the cleaningliquid emerges as air bubbles.
Thereby, the air dissolved in the cleaning liquid can be
separated from the cleaning liquid as airbubbles. Strength
of the separation action of the dissolved air by cavitation
can be controlled by an opening area of the throttle portion
95 of the elastic tube 51, that is, forward/backward movement
amounts of the piston rods 93a, 93b of the actuators 92a,

92b.
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5 any type or structure nmay be used as long as the
pressers 94a, 94b can be noved forward/ backward, and

vari ous noving mechanism for exanple, a screw type,

rack and pinion type or the like can be used. Next,
control nethods of the dissolved air 10 concentration

in the above-constituted ultr&sonic cleaning device

will be described. {1} Control exanple 1 The first

control exanple is for controlling the dissolved air
concent rEnj e nabgeec| exampdel.i qbhd uslagtigs tube 91 is
neasurenentresultsofthedlssolvedalrconcentratlonsensor
14praagedlfeformes MAd nd | Fheetdes BCOtHEFIRA ciganhdab, but
the ultrasgni c cl eani ng device is power

t r@‘é%ﬂﬁﬁﬁzeﬁﬁeéﬁ?&ﬁl%%i’eaer @ﬁ%f %n‘ﬂ%aﬂﬂ%ﬁgt Pofdngle

the cl id 2 th tank, 1 int
DORSTRRRP RO A o & B ETFSR T BT :?nggafeﬁﬁsaaﬁ' fhousdd, but

clggnln f%qU|qa$¥g:|gn pont. §1 the 14RRE, %%%eggessers

t he one Citeutatd S cy i

cleap! ”9%4 QY He! ox‘r@%l So‘::Lar geﬁﬁé&?x&@&h dnd Yi&ious moving

cl'eani ng Tiqui

t Hﬁ&éﬁéﬂi gt af%i %f@ Owghg%ghgi‘?bn%aaw i $ahAEE type

25 port part 0 ank and thus the

cl 8antRg 1LngbanHéSﬁyé5nﬂaIed Al so, the heater 4
is control as necessary so that the tenperature of

the cl eeuré:a@, |i gbh@rdl 2 déStkedd robked dhe a degsbBred air
tenperature based on the liquid tenperature signa
outputéndbytiba in ghechi@rpesohsit ttae8dal trabonic cleaning
device will be described.
{1} Control example 1

The first control example is for controlling the
dissolved air concentration in the cleaning liquid using
measurementresultsofthedissolvedairconcentrationsensor
14. The control method will be described below.

When the ultrasonic cleaning device is powered on,
thecontroldevicel7drivesthecirculatingpump8andsuctions
the cleaning liquid 2 in the cleaning tank 1 into the
cleaning-liquid circulation path 7 through the cleaning
liquid suction port 5 at the upper part of the tank. Then
after one circulation cycle of the cleaning-liquid in the
circulation path 7, the cleaning liquid 2 is discharged into
thecleaningtanklagainthroughthecleaningliquiddischarge
port 6 at the lower part of the tank and thus the cleaning

ligquid 2 is circulated. Also, the heater 4 is controlled

as necessary so that the temperature of the cleaning liquid
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In this state, the control device 17 takes in the 5

di ssol ved air concentration signal sent fromthe

di ssol ved

ai rconcentrati onsensor| 4andnoni t or st oseei ft hedi ssol ved

air concentration of the cleaning liquid at that tine

is larger or smaller than a $fecified val ue

predeterm ned in advance. As described above, when

t he di ssolved air 10 concentration is |arger than the
Sp%él-iﬁ‘ p@gtvgﬂ.g,@gi t@@nyegular temperature based on the ligquid
pressureof t heul trasoni cwavei rradi at_.edf ront heul trasoni c
wavemgereERE 68 ignad eupyt e bdhed 1ai T HemRe%2 Fure sensor
difficult to performfavorable ultrasonic cleaning.

Th%ﬁ; if the dissolved air concentration is larger 15

h h 1 f iedyal h devi 1 d
(an {RPEELL pERLRL Vol 16, SO S RACEr e SRR e
he. ... 92 f. . ' [ .
8 BELYNE 1 o IR A5 050 LS 6 B fonve

;?Q?ﬁ g ganlcﬁn@fr %%.%q{s%q{cfcf J{%g?régﬁohg.go@s eif ﬁ Iéle a14Rolved

e tip ends thereo the thrott

PO4{{08oReh B8 tibl: o#( Rhk cYBERihke 14lFAd a8 RYEE me is
95 is forned at the elastic tube 91, cavitation is

gengr gt 8to Lo AIE] P VWISdr QAP AF itfa vial®id PreldetR rmined in
portion 95 as descri bed above, and air dissolved in

t hgaehpasi.ng Ad quedciBbgds AMSode| KM e6he dissolved air
Thi sdi ssol ved 25 air which has energed as air bubbl es

| Scohsehargedonntie larged adidmothankpdciafjied vhlaeghsound
the cleaning liquid discharge port 6 togetherwith the

cl peesagrepduilcg ulbita #dmi awaveiiiirags a4 df sohthged trasonic
into the cleaning tank 1 is raised through the o
cleavt ggrienptiar 2 ilsyrapioy iy d pwenrd dbj woichmpken ihdifficult
liquid surface of the cleaning tank to the outside of

t heetpakform favorable ultrasonic cleaning.

Then, if the dissolved air concentration is larger
thanthespecifiedvalue, thecontroldevicel7 sendsacontrol
gignal to the deaeration device 9 to drive the actuators
92a, 92b of the deaeration device 9 to advance the piston
rods 93a, 93b so that the elastic tube 91 is pressed/deformed
by the pressers %4a, 94b at the tip ends thereof to form
the throttle portion 985 (See Fig. 2(b}).

When the throttle portion 95 is formed at the elastic
tube 91, cavitation is generated on the downstream side of
the throttleportion 95 as described above, andairdissolved
inthecleaningliquidmerges as air bubbles. Thisdissolved
air which has emerged as air bubbles is discharged into the

cleaning tank 1 again through the cleaning liquid discharge

port 6 togetherwith the cleaning liquid, but the air bubbles
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By repeating the above bubbling of the dissolved air

5 by cavitation, the cleaning liquid 2 in cleaning

tank 1 is gradually deaerated, and the dissolved air
concentration beconmes |ower than the specified val ue
predeterm ned in advance. \Wen the dissolved air
concentration beconmes | ower #Han the specified val ue,

an object to be cleaned (not shown) 10 is imrersed in

the cleaning liquid 2, and ultrasonic cleaning is
st@i@@heygﬁgr satatthey ¢leaningi tanlk ifs piged through the
ul trasonic _wave generator 3. Thereby, efficient and_,
f a5beapieg LigridonikRy Quesanry and 59 eokad &rogthe liquid
wi t hoyt soundagres ure, dro contrql. devic

15 Th
roAREbReS e thestipenian: thBnEQnFF‘St PBi=3fignal Che ank.
t tt t he di [ t t
14 23ene%orryﬁ?geﬂe ' e 85rve %P%%ﬂ?ﬁg S0 AR vea aix
éwv#ceag 11Eahfzhé e cl%m}{'mr}g :|.ed ‘iefﬁfé‘iéggmg tank 1 is
t ol 5301 YpdaLEERORERL T 8hoBhA! AEEbEIOLAI20 LUkt ration

S not COI’TE not ss than the Specl

O, 880k Qs t Ii'b%ert Reath $3Q Wb F1&PNeETEE aﬁf@&eggmlned in
thecleaning liquid 2 in the cleaning tank 1 can be

Mead-8hBed RElaWhBQ i sHRAGIdd £0r ¥Bhé@ntiratiitm bédEmes lower
and favorabl e ultrasonic cleaning wthout sound

pr €gst th el PecanelrdlRid)] ahtsh eZb tblieotetned! (ridt Fhown)
time, if the dissolved air concentration in the

cl 2afimmg raecll 1l thecohesn 1109 14 emlildez, ahHarl idwsonic cleaning
speci fied value, control nay be nade to raise the 25

di $sektredaidnonceadlatioghld oot ¢ whive fgidrcthe vl pplponic
valve 10 so as to open the air supply valve 10 to feed
aivaventgendémratdram ng [Theneby owhifgadwmguglendefavorable

cl eani ng- liquid
ultrasoniccleaningcanbecarriedoutwithout soundpressure

drop.

The control device 17 monitors the dissolved air
concentration signal outputted by the dissolved air
concentration sensor 14 even during the ultrasonic cleaning
procegs and controls the throttle amount of the deaeration
device9sothatthedissolvedairconcentrationinthecleaning
liquid does not become not less than the specified value.
Owing tothig, thedissolvedairconcentrationof thecleaning
liquid 2 in the cleaning tank 1 can be maintained below the
specified value all the time, and favorable ultrasonic
cleaning without sound pressure drop can be maintained.

Moreover, at this time, if the dissolved air
concentration in the cleaning liquid becomes too smaller

than the specified value, control may be made to raise the
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circulation path 7. By using the air supply control by

the 5 air supply valve 10 at the sane tinme, the

di ssolved air concentration can be naintained within

a certain range around the specified value, and nore
favorabl e ultrasonic cleaning can be realized.

According to the experiments By the inventors, the 10

di ssol ved air concentration for favorable ultrasonic
cleaninf should not be too small and found out to be
dedizaplyedsdr comaaat natsionbyplsosomymel ling @repdr supply
the specified value of the target dissolved air .
cofRErie ril i%h 3% t@eSPrRoERe AdF FERRLIY AL Y90 kg feed air
15 Mbreover, in, the abqve ultrasonic cleaning deyice, , .
si TR £RE Theamt g LA f Rt S R pBrehs ﬁg?ﬁﬁmg‘hq“ld
cl eanin Liquid discharge port .6 of, the

CISRHFRG2 FH5HIRR B roul BY 1S OpRT 4% 8IRPLY SRREEAL bY the
t he, upper_part _and e _l.ower par f. 1the nk . wal .
thaé:"%pp%anﬁ glagé’ t&p e % eeasﬁalraneg Fid ZBﬁ% E%Egoﬁvgﬁ ar
ol ! AU ‘ | : A
(ﬂéﬁ@é@ﬂtkégFéﬂ%éﬁ%@ﬁaﬁgékﬁﬂggﬁﬁéﬁfh8c%¥€%¥h#%§#éground

char gépor I"Towsupwar ddi agonal T ycrossi ngt hec I Ng

t apke Jsp@?:q. Sd bgmﬁga%{&mbgﬁoﬁ%fgﬁlgltﬂﬁﬂ:ié%nic cleaning

liquidSuction port 5 into the cleaning-Iiqu

CiggnlBbi pRapatBg7. Thus, the cleaning |iquid
t hroughout the cleaning tank is 25 effectively

agi t at echc e hRgLES Nt At éRPepimbhesdbgseheetinvehtors, the
concentration of the cleaning liquid 2 in the cleaning
t adiks doTaadbea e c eddicad itttk a 2fob ey efaviorabile ahd¢easonic
control of the dissolved air concentration, the
t he beah bngmienild nos kdetsesmadiladndfeoand @it thde desirably
throttle portion 95 in the deaeration device 9 may
set at not less than 2.5 mg/l. Therefore, the specified
value of the target dissolved air concentration is desirably
not lesgs than this wvalue.

Moreover, in the above ultrasonic cleaning device,
since the cleaning liquid suction port 5 and the cleaning
liquid discharge port 6 of the cleaning-liquid circulation
path 7 are provided on the upper part and the lower part
of the tank wall on the opposing sides of the cleaning tank
1, thecleaningliquiddischarged throughthecleaningliquid
dischargeport6flowsupwarddiagonallycrossingthecleaning
tanklandsuctionedagainthroughthecleaningliquidsuction
port 5 into the c¢leaning-liquid circulation path 7. Thus,
the cleaning liquid throughout the cleaning tank is
effectively agitated, and homogenization of the dissolved

air concentration of the cleaning liquid 2 in the cleaning

tank 1 can be accelerated.
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be constant (constant sectional area) irrespective of

the 5 magnitude of the dissolved air concentration,

but it is preferable that the throttle anmount is
controll ed so that

t heanount i svari edi nproporti ont ot hemagni t udeof devi at i on

of the dissolved air concentréfion fromthe specified
value. By this, the dissolved air concentration can

be lowered to 10 the specified value in a short tine.
Si ni | ar Mpreadrewnalire tdyge aboyed cgnéacdf ofhshgi ¢iggppred air
valve 10 may be varied in proportion to the magnitude
ofconpantxabhons thf tHresSLectManht comtefle AeCdtofddnprea)

the specified value so that .the_dissolved air ,
& SRS S SPTEAPS bddh tPOWBRPERTESS ORIERVEGR O maY

dhc

Eﬁ# B he A B SRchhaRAY B ST adThE SREH N 88 the

[ t ai ly.. {2 2. .

tEb A ok PEE RERCTVER X T RIO LB 1

. . i i ) . )

oA ST SR R CRIRL  SgRiiS0 o cans
I it . .i | . viation

SIS VISR g0 S L T i

Pr&seRk dIVES+08 a1t Won&bREPA BYoh | fdntlt B G L HI¥d value.
and the cleaning liquid 25 discharge port of the

ClBAMHIG:,| itthdl disbbivkal A08 dldbertA4EibhYARIRE Abwei@d to
upper and | ower positions of the opposing tank walls
ofthdespéenpiag talliel im0 aasHorterdaie. a di agonal ly 27
upward fl ow of cleaning liquid, by which the cleaning

i quid 8imilerlyecatiengalsrkodeninaggidcatesxiotfothe air supply
honogeni ze the di ssolved air concentration, but by
covdl ot | 1hgnay dhe corniedgimmpopportion to the magnitude of

deviation of the dissolved air concentration from the
specifiedvalue sothat thedissolvedairconcentrationwhich
has been lowered too much can be returned to the specified
value in a short time, and the dissolved air concentration
can be maintained in a certain range more surely.

{2} Control example 2

The second control example is for controlling a
circulation amount of the cleaning liquid by thecirculating
pump 8 to further homogenize the dissolved air concentration
of the cleaning liquid 2 in the cleaning tank 1.

As mentioned above, in the present invention, the
cleaning liquid suction port 5 and the cleaning liquid
discharge port 6 of the cleaning-liquid circulation path
7 are provided at the upper and lower positions of the opposing

tank walls of the cleaning tank 1 80 as to create a diagonally
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of the cleaning liquid circulating through the 5
cleaning-liquid circulation path 7, further

honogeni zati on can be pronoted. That is, by

controlling the circulating punp 8 by the contro

device 17, the nunber of revolution is changed or

on/of f controlled by a certaif’cycle or a variable

cycle 10 so as to change the flow rate of the cleaning
liquid flowng through the cleaning-liquid o
ciurwsnd fdpwpaf kleandmonbigeids Aixwhigh thefleandngrliquid
the cleaning |iquid discharged from the cleaning,,

| iigutiae gilegmdmget pak 4 i agibatpe t hempogriapthe dissolved
| i schanged, whi chf urt herincreasesagitati onpfthecl eanin
1345 aer*&eaﬁaaate@a'ep%e‘%ym%ﬁ g Gncifcppating amount

N S AR T O - N T
trolli . of . the di |.ved. al (M . .
AL 850 LSk ORISR sy on

trbeaﬂjlg% g&g%thga.eani ng device are determ ned by an

obj ect cleaned and specification of the

cl ea_ni n&‘l’%@’h%?'bg@rﬁﬂﬂiﬁ e circulating pump 8 by the
t hedi ssol vedal rconcentrati oni'scontrol | edt ot hespecifie

Valdif A1 the, £antio] Rehakidr 8% $B0WNuitA ohhesabR¥figed or
-mentioned 25 control exanple 1, the dissolved air

CRHAE f addiirdP1SAHLRCA céPrdengépdlal by dev@riabdéedycle
in arising rate according to the cleaning conditions
atsd Bat td ichangehehef Prew rdtd bifst B8 cliesiming adtigqudid fhewing
di ssol ved air concentration is known in advance, the
ditdaodh vl tdie cderoenig-dtiquidfcirmalaebom ppthitui Bwing to
can be maintained within a specified range by
this, the flow rate of the cleaning liquid discharged from
the cleaning liquid discharge port 6 into the cleaning tank
lischanged, whichfurtherincreasesagitationofthecleaning
liquid and accelerates homogenization of the dissolved air
concentration.
{3} Control example 3
The thirdcontrol example ig an example forcontrolling
of the dissolved air concentration by timer operation.
Generally, c¢leaning conditions in the ultrasonic
cleaning device are determined by an object to be cleaned
and specification of the cleaning device. Therefore, after
thedissolvedairconcentrationiscontrolledtothespecified
valuebythecontroloperationasshownintheabove-mentioned
controlexamplel, thedissolvedair concentrationissubject

to be gradually deteriorated in a rising rate according to

the cleaning conditions at that time. Therefore, if this
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intermttent timer operation even though the
above-nentioned 5 control operation in the contro

exanple 1 is not perforned all the tine. Then, this
rising rate of the dissolved air concentration is
acquired in advance by experinents or actual

ul trasoni ¢ cl eani ng processi ngd®nd a predeterni ned

time 10 interval determned by the rising rate is set

in the control _device 17 as a timer operation tine. .
AnBigheg ¥ake RESHe ddsegilvesi aiFecereentRatipgul § known in
concentration reaches the  specified value by the i
ab®FB2RERY | bhedit 8RPLyrdopdrarrBRensration: &ift toye cleaning

le 1, th [ | ati N 5
o B deiann oS p At TP T Lk 1 he SBBELESE T7RES bY
h I ’ . Lati s dri .
S 2R el R Sh LRV ER P A BB omes
becglggygidce,%%ya{:fgntfrp%heogc?{n@H)f%xﬁ%pig &ef% 'r[EQ: gla'r%’o rmed
t he dissol alr concentratiron can pbe nmintal ne

W L intﬁesgg&gﬁied range 20 w t hout continuously
performng the control operation. Thereby, cleaning

cost canrRén!eduped. f£4kiGgNt LAkeeXaRP| end TheshRUrldE air
control exanple is an exanple for controlling the

di 86At¥RErati ot 8oGh LN d Auvalde By\WRpdtidied tor d2tual
time-series data of i1nput/output signals of the

ul tlesaBbhiel edriang e \Hren:dSe ifl i@ daupragetbemined time
conputer 18 built in or attached to the contro

deinter¥d] ddreevminaddry thelrosnimy ra®*edbyis=t is the control
constructed as a nultivariate autoregressive node

hadengce I asak ittiynegf ocpeansignabime i edrgliwhensthédissolved
di ssolved air concentration as input/output on

sofivaréd & ttieanieg liquid 2 concentration reaches the

specified value by the above-mentioned control operation
of the control example 1, the circulating pump 8 is stopped
to stop deaeration processing and when the set timer time
has elapsed, the circulating pump 8 is driven again so that
the dissolved air concentration is controlled to be reduced
by the timer operation. By repeating this, the dissolved
air concentration canbemaintainedwithin a specified range
without continuocusly performing the control operation.
Thereby, cleaning cost can be reduced.
{4} Control example 4

The fourthcontrolexampleisanexampleforcontrolling
the dissolved air concentration in such a way that the
time-sgeries data of input/output signals of the ultrasonic
cleaning device is analyzed using the computer 18 built in

or attached to the control device l7, theultrasonic cleaning
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di ssol ved air concentration is controlled based on
this 5 constructed nultivariate autoregressive nodel.
As descri bed above, the ultrasonic sound pressure in
the cleaning tank 1 in ultrasonic cleaning is largely
changed by the dissolved air concentration in the
cleaning liquid, while the d¥solved air

concentration is dispersed in a w de

10 range due to

the shape of the cleaning tank, circulating state or
t et ae dec s trec eedagiamul t §uryiasaatpregressivemodel

tenperature

hum dity, etc. Therefore, dependi ng qQn

t Heavimng aspiuaplakystt shete eapnhitiesiguch pg thrdigsolved
difficult to accurately specify the dissolved a
cORtERIRATIT Bt 9 BF fhpred %ﬁ%’atr PL &¢ §F*éaasa?reﬁ5 ffpus the

such as.o

the di ssolved . air, concentr

| ion of th .
cl hﬁ?ﬁbvgﬁéaﬁa,cgpqﬁﬂﬁfﬁ n is controfiégnbgsea &n this
t fit I i.nalj gul i t
| eé'%ﬁéﬁ%&:éﬁ%l %@gtgg%’%rﬁ%tgeg%u%}déﬁe%‘éﬂg%?82 rature

ove-ne

i oned con

rol using

only ¢ hes 4330l ash 2o RONERR KL BBoh D Sufilsure 1n

exanpl e

trasonic cleanlng evice 1s

copgé LYeked pt fnk THA LY RFR3bRIAW NE SIS I6VEa changed

and the dissdlved air concentration

is controlTe

based 1 diRis>10dd b2 b3h8enBYheL 8Al £8 HHE cTedRlinglNequid,

mul tivari ate autoregressive nodeling

of the 25

ul ¥haserine alieabilieddeit concentaaitizadiadisydreed® ihya wide
performng the follow ng steps of processing by the
conanfrerdud8tat thehedape dhethentleandlnyi tenk?. cisculating
make the explanation 30 easy to understand, an exanple

of stahst rauct tempetathee noft ithar i @l eaningr dgrasigiveoutside
nodel having three state quantities as input/output,
whtenhparatdresohvadddity, etc. Therefore, depending on the

use situation of the cleaning device, it becomes difficult

to accurately specify the dissolved

air concentration only

from a specific state quantity such as only the dissolved

air concentration of the c¢leaning liquid, or only the

temperatureofthecleaningliquidandtheoutside temperature

Then, in place of the above-mentioned control using only

the dissolved air concentration in the control example 1,

the ultrasonic cleaning device

multivariate autoregressive model

is constructed as a

and the dissolved air

concentration is controlled based on this multivariate

autoregressive model.

The multivariate autoregressive modeling of the

ultrasonic cleaning device is realized on software by

performing the following steps of processing by the computer

18 attached to the control device 1l7.

Tomake the explanation
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concentration, tenperature of the cleaning liquid and

the 5 roomtenperature will be described. However,

even if other state quantities such as flow rate and

hum dity are added

t ot hevari abl es, processi ngi t sel f canbeper fornedi nsim | ar

way sinply with increased nun3ér of input/out put

variables. (First step) 10 First, tine-series data on

the dissolved air concentration, tenperature of the
cleasyngo ivpderskendoosn tenpmie upE soastaveciqnl. of the
For that purpose, the ultrasonic cleaning device is
opBrhEdNaTraAkedi A4bPTRITBRFIXR Apdel having three state
out put t edbyt hedi ssol vedai rconcentrati.onsensor]. 4, i qui \
15TV BRHEFAPHT eABat PRIVt LRI TR by TSR RAS dissotbed air

erature_senso

t 13_and t t ta .
oF B EREF By LoRe FEBRFEBRTEFADAr Boe CORTILSE fdeid and the
¢ o oe8 et B eE ST bR e ddd ot d” butasll RULES £ other

f or “exanp gcon

ObLQ%Pgﬁgéﬁ;gﬁékeéugﬁ@s Oy & PS U G StAfidity are added

quan are di'ssolved air concentrati on,

cl eap Gk ; 20d 1 FQARY L HESinBithil
crEPShagas/ach (ot abuig pad oA AEBRt Sl niii Lo

MUY & A AP wH h Ol BF €884 d Bumber of input/output variables.
nodel havi ngt hedi ssol vedai rconcentrati on, cl eani ngliquid

25(tepper akdpe and roomtenperature as input/output.

(Third step) Power contribution rate and inpul se

responser{etosedt ddesyeiresp oOflathe dnssoheedddissolved air

concentration, cleaning liquid tenperature and

r cooheapératipear tempevhaticdf o Dideakb)erningylifuid and room

obtai ned nultivariate autoregressive nodel .
temperaturearecollected. For thatpurpose, theultrasonic
cleaning device is operated, and dissclved oxygen data
outputtedbythedissolvedairconcentrationsensorl4, liquid
temperature data outputted by the liquid temperature sensor
13 and roomtemperaturedataocutputtedbytheroomtemperature
sensor 15 are sampled for a predetermined time (10 to 15
minutes, for example) and collected.
(Second step)

The obtained time-series data on the three state
gquantities which are dissolved air concentration, cleaning
liquid temperature and room temperature, are analyzed by
the computer 18 to construct a multivariate autoregressive
modelhavingthedissolvedairconcentration, cleaningliquid
temperature and room temperature as input/output.

{Third step)

Power contribution rate and impulse response {closed
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(Fourth step) 5 Fromthe inpul se response of the

di ssolved air concentration, "standard tine of

di ssol ved air concentration change" (tine till the

di ssol ved air concentration becones below a

regul ation which is a target specified value) is
calculated. 10 (Fifth step) A3dtate nodel of the

di ssolved air concentration is nmade fromthe power
contribution rate and a value of the inpulse i L
r egpehes) ofhthadisanived adrisorcontHrtionyed egning liquid
concentration change" is cal culated through nodifying i
t heemBer3 L RREANE HIGREFFP T A5V § 8F egal Qi F BePaR LY sis
change"' cal cyl ated hased on .t he state node| éSixéh

stip) RP oRPEREREH Birrdd VasdA i B AT S D S HY S SBPUEY -

aiL copgengragion change”, a deaeration anount (or
detEPAt FBnSt%8’tine) till the dissol ved air

concent raf ilg?§ conﬁﬁgﬁgg) %g%g%{égdfh\églg ei Yissolved air

cal cul at ed” even on ove

(xﬁgﬂéé%???ggeﬁﬂa@é%ﬁﬁagﬁ%qméBEdﬂgﬁgyfgdé!&&?ﬂ?%gtration

the t e anount eaeration tine 25 0

de@eiR e PN WaYd 819 tReCPME01{ 64 Dk Lha e ra¥ion becomes
device 17 so that the dissolved air concentration

fabdBowl 4 Nb8gtiDgtisReGhi bQdi EaR0LarddtBYpUsifgein@alue) is
above multivariate autoregressive nodel, the entire

ul ¢aBs@Dhacedl.eani ng device can be handled in

statistical processing. Therefore,

everpifshakegpantities

A state model of the dissolved air concentration is
made from the power contribution rate and a value of the
impulse response, and an "estimated time of dissolved air
concentration change" is calculated through modifying the
"standard time of disscolved air concentration change™
calculated based on the state model .

(Sixth step)

From the obtained "estimated time of dissolved air
concentration change", a deaeration amount (or deaeration
time) till the dissolved air concentration becomes the
gpecified value is calculated.

{Seventh step)

Based on the above calculated deaeration amount (or
deaeration time), the throttle amount (or deaeration time)
of the deaerationdevice 9is controlledby thecontrol device

17 so that the digsclved air concentration falls within the

specified range.
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such as dissolved air concentration, liquid

tenperature, 5 roomtenperature, flowrate, humdity,

ultrasoni ¢ sound pressure or the like are in a

conplicated relation and the state quantities can not

be clearly associated with each other, the dissol ved

air concentration of the cleadlng liquid can be

controlled rapidly and accurately. 10 In the above

exanple, the tinme-series data on each state quantity

are col [Bscuedngrivhelpheweynbdfigrar kabe putgragressivemodel,

ul trasoni ¢ cleaning, but thenultivariate .
i i k2R cgélpnl@eth%ndled in

altil? e eise vl tragerica f Lsendgyss tdareh

time-series gata of each state . o

qua Fi5bLerLPERGREEIRR af RREEHPES TSR T2k guagkities
| ean, er at ] Al i t mayb tityted that

o T SRR PR 42 A aRLRR e RS CRRS o EdubpBh e,

d f h th t at titi .

o FoaR EREE - 8burg”  FHBY raliell B ed, FLBEFpanic souna

“'ﬂf?éé’@:i:& d&‘lt ‘;tg{éif 95l 220 Pﬂja?‘eéganfg‘}]i%ééc?%ﬁ%t%%ﬂ 2nd the

started an irst configur tivari ate

zﬂgﬁﬁ@@r&§§ﬁ¥ftﬂ2ge£aﬁsn89dﬁéi@ﬁegfﬁfdaggoﬁhgted with each
collected new tinme-series data. By Qiving such a

| e e AY ehutitd S9N vd N8 i re¥Tentration of the cleaning liquid
tructedmrul tivari at eaut or egr essi venodel canbeevol ved

Cl @5 rbé Ocbfbayl0edorapid13Cland lacaneitd1ng

ultrasoni ¢ 25 cl eani ng devi ce, and nore excel |l ent

ul t rasomnit tHeaibonge Catampbe § cthée zetime { Bprieant daka on each

exanple 5 33 The fifth control exanple is an exanple

of sustegreanpitpedtere¢ypecpedpimmediatetgnbebbirengtarting

the di ssolved air concentration of the cleaning

|itpﬁgltgaﬁghﬁqﬂh&ﬁnﬁqg;bngghemultivariateautoregressive
model can be constructed using the time-series data of each
statequantitycollected/accumulatedatpreviousultrasonic
cleaning operation.

Also, itmaybe so constituted that a learning function
is given so that the time-series data of each of the above
state quantities are collected at every certain period even
after the ultrasonic cleaning of an object tc be cleaned
is started and the first configured multivariate
autoregressive model is modified based on the collected new
time-series data. By giving such a learning function, the
constructedmultivariateautoregressivemodel canbeevolved
closer to behavior of the actually operating ultrasonic
cleaning device, andmore excellent ultrasonic cleaning can

be realized.

{5} Control example 5
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of 2.5to 3.5 ng/l. 5 As described before, if the
propeller-type punp is used as the circulating punp 8

to circulate the cleaning liquid 2, when air bubbles
generated by the deaeration device 9 reaches the
circulating punp 8, the air bubbles are sheared by

the rotating propeller of the3@irculating punp 8 into

10 finer level to be extrenely mnute air bubbles with

a dianmeter of 10 to several tens pm so-called "nmicro
bubbl es"The\wehf th heaetnetr expubbeeisape gepapdecg@f using a
uni formdistribution of the cleaning |iquid 2 .in the ,
c| REPPRAYLeEN kYRS BURpr 3R rfop canteiad bipdFiidissolved air
function of the m cro bubbles, which_15 ho geniﬁes

{ HEORFSBEFREACRI P diRc EAPRRLPGNT HY8H 1R Tad: FLtALRe Fange
of th | eaning ta ﬁ and realizes ultrasonic cl eaning

not af egtﬁabgengPQ rrent al changessuchasr oont enper at ur e

, humdjty,or atnospheric._press . ai [ .
the ol i AFFTHERE ReFaFs  CEEoHRE: BEOBR 8L Db Byme i
of ar ge 0] .St aj [ e [ 3 :
crafeazhdCene o IPedI L1 8L piRe 3 ELCHPELATarH Ineghoaning

dfff&&i&%ﬂ WEYh agﬁﬁm@ggb%ﬁ%wy era Bl St StidRdRvice

of "arigid pipe Ich 1§ not deformable such as

e} dleactleNBRE &J:Qﬁi]!e@tir? bliped)! thelair BABbYs are sheared
narrowi ng the diameter 25 of Fhe rigid pipe 20 at an

appy OPhé 8t St REShEi pRopaliiexed st ype chbealbltdnROpun®N 8 into
21 1s formed on the way of the flow passage through

Whi fhet hevdleed begt i xpmel f manat el FbgbbilAsanictiFa diameter
4B show a third and a fourth exanples of the
deafrog ita séderdired thng. pdA shovsllaé il edo dusiples " | nWhen
whi ch an obstacl e
these micro bubbles are generated, uniform distribution of
the cleaning ligquid 2 in the cleaning tank 1 is further
accelerated by the function of the micro bubbles, which
homegenizes the dissolved air concentration over the entire
area of the cleaning tank and realizes ultrasonic cleaning
notaffectedbyenvironmentalchangessuchagsroomtemperature,
humidity or atmospheric pressure. Also, stains in the
cleaning liquid hardly coagulate, and generation of a large
mass of stains is prevented.
Fig. 3 shows a second example of the deaerationdevice.
The deaeration device 19 to be the second example is
made of a rigid pipe 20 which is not deformable such as metal
or hardplasticinitsentirety, andbynarrowing thediameter
of the rigid pipe 20 at an appropriate position, a fixed-type

throttle portion 21 is formed on the way of the flow passage

through which the cleaning liguid flows.
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24 wth a triangular section is arranged

perpendicularly 5 in a cylindrical pipe line 23 in a

direction bl ocking the flow of the cleaning |iquid.

Fig. 4B shows the fourth exanple, inwhich the

obstacle 2 4 wtha rectangul ar section is arranged

perpendicularly in the cylindPfcal pipeline 23 in a

direction blocking the flow of the cleaning |iquid.

In a deaeration 10 device 22 in the third and fourth

exanpl eFig ulfBuprrAdElg s 4Bgeher A &ipy rBdia fiogg thexamples

flow of the cleaning liquid by the obstacle 24 so

t 2t thei $arPEAtiongdR¥i&Eed at the rear of the

obstacl e 24 and fhe dissolved, air in the cleanin

i quid iSiHubh EROWESEHS té%?d%PpPéaB‘qupp%Pc‘H}’r Sy opfgacle

deaeratji.on devices .19, 22 in the above second 10..
T Ao e 7T AR E STr P PaeppRdigplarly

t 1w [ | S 4 iy i Qa . .

(oS LSO 4 3,500 18 § Bl Bifcrins che

exXAIR; §F + JHZPLII% %fqﬁ@&t.i 3 14 g LRBWRRHAE S Pl eRbRple,

fixed 20 and their rottl e anmounts or shapes can not

be;j ¢R8Ng8Ehe B t HY1£084WiUH d PIcLBRgG heWedtitth PsHPranged
8, air supply valve 10, flowrate control valve 11 or

t heeth&RaDY¥uL BE16AM 104 cyUeHbes chl p il Ohé 20/iPdlddrection
concentration of the cleaning liquid 2 can be freely

adhLsteing M€ @lsw oFoBheotldanifg2bidltitd. In a deaeration
above-nentioned nultivariate autoregressive nodel and
uldeasoai 22 dreatenghisicdhgnd €portthbekempies,sitarballepce is
avai l able. 35 Fig. 6 shows a fifth exanple of the
degenetabeddeyivesisting thadlavw of ddd cdeaBing Bdquid by
the fifth exanple, a throttle portion 26 is formed by
nathewihfafac ks 2feserthat cavitation is generated at the rear

of the obstacle 24 and the dissolved air in the cleaning
liquid is bubbled.

An example of application of the deaeration devices
19, 22 inthe above second to fourthexamples to theultrasonic
cleaning device of the present invention is shown in Fig.
5. In the deaeration devices 19, 22 in the second to fourth
examples, the throttle portion 21, the obstacle 24 are fixed
and their throttle amounts or shapes can not be changed,
but by contrelling the circulating pump 8, air supply valve
10, flow-rate control valve 11 or the like by the control
device 17, the dissolved air concentration of the cleaning
liquid 2 can be freely adjusted. Moreover, control using
the above-mentioned multivariate autoregressive model and
ultrasgonic cleaning using micro bubbles are similarly

available.
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a cleaning liquid inlet of a punp chanber 81 of the
circulating 5 punp 8 connected to the cleaning-Iliquid
circulation path, and the circulating punp 8 and the
deaeration device 25 are constituted integrally.

Ref erence nuneral 82 denotes a

propel | er (rotatingbl ade) f or suppl yi ngt hecl eani ngl i qui d.

Fig. 7 shows a sixth exanple of the deaeration devi ce.

10 In a deaeration device 27 to be the sixth exanple,

t he bl addigr 6fshewsnh fhithexsanls 082:1@9 d&ﬁgé@ﬁim fevice.
punp chanber_ 81 of the circulating p 8 connected

to the T eafigRRTAAR EYLEP A7 oﬁop%?ht]f*%rféﬁbbl srAgPLe.
the cleaning liquid_is nade asymmetrical so that,

c v itRq 'btrh g,oogetﬁé}rh@édlis AFBEAPY AATTE ARG diameter of

pro Il er

RiTE FanLﬁg i inist gaﬁ%ﬁ%rdﬁﬁéﬁfflﬁﬁlatmg
An

Rk U Bl ¥nel 1 S58TRLS) 0B 1 680 AR 18k pacn,

SI&(AJ] t%ag?'rgutlgttigx B{J}nﬁai%q{dc thagdgégggff]gnqﬁé@f@e %fS are

t he prese rnventi I's™s e case
of o d ﬁ@@@ at 5 AR geuhass 2 engeh@et heiddddiN sRNdenctes a
Si xt exanp to as“with the deaeration deV|ce in

f&@&@l/feﬁ%er&@ttﬁgfmla&a £XA80bEI vihae HE SEOANEely Bl fuid.

concentration in the cleaning liquid can be adjusted

by 25 conig ofl @ws Res Skt B Eaingl0e BENPhS dedidr atihl Yevice.
valve 10, flowrate control valve 11 or the |ike by

the contmla diedefation ddveegeR7 torbeothasshgthhexample,

above-described 36 nmultivariate autoregressive node

anighel |4 rsabs mre il lesawifnghespngpeail tev 82 onged ial $he pump

avai | abl e. [Description of Reference Nuneral s]
chamber 81 of the circulating pump 8 connected to the
¢leaning-liquidcirculationpath for supplying the cleaning
liquid is made asymmetrical so that cavitation is generated
around the rotating propeller 82. In this sixth example,
too, the circulating pump 8 and the deaeration device 27
are constituted integrally.

An example of application of the deaeration devices

25, 27 in the above fifth or sixth example to the ultrasonic
cleaning device of the present invention is shown in Fig.
8. In the case of the deaeration devices 25, 27 in the fifth
and sixth examples, too, as with the deaeration device in
the above second to fourth examples, the dissolved air
concentration in the cleaning ligquid can be adjusted by
controlling the circulating pump 8, air supply valve 10,

flow-rate control valve 11 or the like by the control device

17. Moreover, control using the above-described
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5 1 cleaning tank 2 cleaning liquid 3 ultrasonic wave
generator 4 heater (liquid tenperature control neans)

5 cleaning liquid suction port 10 6 cleaning liquid

di scharge port 7 cleaning-liquid circulation path 8
circulating punp 9 deaeration _device 10 air supply
valve (air supply means) 15 126 lowrate control valve
(flowrate control nmeans) 12 flowrate sensor
(flowrate neasuring nmeans) 13 liquid tenperature ,
sarsbEivRY §aFE FekPErSrapreinediRit h@nth¥dIpspaic cleaning
di ssol ved air concentration _sensor (dissolved air 20
coMERE rBiFER REREIEEnGTfeiiSC pyailable.

roont enper at ur esensor (r oont enper at ur enmeasur i ngneans)

16 humdity sensor (humdity nmeasuring neans) 17

| _devi t rol 18 t 25 19
delRFErFSRENES: BE Rogerefer MBS AL Ehr ot t1 e porti on
3712g1?§§§£§tkgﬂkdevice 23 pipe line 24 obstacle 25
deaeratron devi ce

2 cleaning liquid

3 ultrasonic wave generator

4 heater (liquid temperature controcl means)

5 ¢leaning liquid suction port

6 cleaning liquid discharge port

7 cleaning-liquid circulation path

8 circulating pump

9 deaeration device

10 air supply valve (air supply means)

11 flow-rate control valve (flow-rate control means)

12 flow-rate sensor (flow-rate measuring means)

13 liquid temperature sensor (liquid temperature measuring
means)

14 dissolved air concentration sensor (dissolved air
concentration measuring means)
15roomtemperaturesensor(roomtemperaturemeasuringmeans)
16 humidity sensor (humidity measuring means)

17 control device (control means)

18 computer

19 deaeration device

20 rigid pipe

21 throttle portion
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5 26 throttle portion 81 punp chanber 82 punp

propeller 91 elastic tube 92a, 92b actuator 10 93a,

93b piston rod 94a, 94b presser 95 throttle portion

38 CLAIMS: 1. A deaeration device conprising: a flow

passage t hrough which cleaning liquid passes; and 5 a

throttle portion provided on £He way of said flow

passage and havi ng narrowed i nside sectional area of

sai d flom1p§ssage,.mherein cavitation is generated at

t &2 réepeprtignddeNigetl e portion so as to bubble

di ssolved air in said cleaning liquid. 10 2. The

deterRiP®nl #8%i ce according to claim1, further

conprisin def ormabl e el astic tube constituting

S ??%ﬁgﬁigsage and a tube -sectional

-qg a ar¥ingnechgnisn1 which is attached to said

el 43t Fe2TEBE 8Rd“EIA Vary inside sectional area of

sqig Eﬁpgéggés§gg ?ﬁnpressing said elastic 15 tube,
tRFGEEPE

wher el n” Sal portion is fornmed by pressing
0 15&& Lwﬁ j.d tube-sectional -area varying
c . . : .

n5§L§%us g. Ee deaeration device according to claim
1,82 pump propeller . i ) )
furtherconprisingarigi dpi peconstitutingsai df | owpassage
v 91 elastic tube

92a, 92b actuator

93a, 93b piston rod

94a, 94b presser

95 throttle porticn
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20 wherein said throttle portion is fornmedby narrow ng
a dianeter of said rigid pipe. 4. A deaeration device
conprising: a flow passage through which cl eani ng
liquid passes; 25 and an obstacle arranged in said

fl ow passage to generate turbul ence by resisting the
flow of said cleaning liquid 3§ through said flow
passage, wherein cavitation is generated at the rear
of said obstacle so as to bubble dissolved air in
s#lePhBf2bning liquid. 5. A deaeration device

conpr|5|ng 5 égﬁrp chanber of a circulating punp for
suppl y/ flee HP Y QUi LVECHi PRMBEARLEEEd to an

REEATE Be%?s‘:“a%?%mhtvﬂ}%éf%é%%rﬁﬁﬁ”'° passes;

being small er than a dianeter of said pipe, wherein
cdftation is gener at ed at the rear of said throttle

por ti oné%h@%éﬁa{% SR VESh fidn itk ¥ad %'feggkagﬂow

I|qU|d ce conprising a“prope

ﬁ] %&La@a' d oD BRI if P G L taHH A Aot said

15 a e profile is asynmetrical, wherein

(ﬂgﬂé@dﬁg@sgiegeggggggg around said rotatlngpropeller
So as to b di ssolved air in said cleaning |iquid.

7. An ulddesdt Lok | iRAGlene rdddT et PRE Uthd X ghgdNthgottle
tank attached with an ultrasonic wave generator
portionsocas tobubbledisgsolvedairinsaidcleaningliquid.

2. The deaeration device according te claim 1,
further comprising a deformable elastic tube constituting
saidflowpassageandatube-gectional-areavaryingmechanism
which is attached to gaid elastic tube and can vary inside
sectional area of said flow passage by pressing said elastic
tube, wherein

said throttle portion is formed by pressing operation
of said tube-sectional-area varying mechanism.

3. The deaeration device according to claim 1,
furthercomprisingarigidpipeconstitutingsaidflowpassage,
wherein

said throttleportionis formedbynarrowingadiameter
of said rigid pipe.

4, A deaeration device comprising:

a flow passage through which cleaning liquid passes;
and

an obstacle arranged in said flow passage to generate

turbulence by resisting the flow of said cleaning liquid
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20 and filled with cleaning liquid for ultrasonic
cleaning of an obj ect to be cleaned by i mersing

said obj ect to be cleaned in said cleaning tank and
irradiating an ultrasonic wave fromsaid ultrasonic
wave generator, conprising: a cleaning-liquid
circulation path forned so thdP the 25 cleaning

liquid in said cleaning tank is circulated through a
predeterm ned path and then, returned into the

cleurdugh sahit fgawnpasgageei Wh@rsdimg punp for
suctioning the cleaning liquid in said .

cl eani nGaViaH on AeuBsnesRtesk AL bhe yeax ok padd chapacle
a deaeration device connected on the way of sajd ?, .
cleafigt? i Bubhle Aigradived fdth Inufdd £leapipg liquid.

deaeration device is provided on the mag of said

cl eani ng1 i quitd 48 GV PEt RS aRFRESEAPPhr ot t | e

portion _which is forned by .narrow.ng insid ecti I
area of 8P Sb@%ﬁﬁg‘-’?iaq&ld’c&lracu r% Pé’ﬁnppg?%; géﬁggiéfeed
di air jnithe cleaning liquid fl ow ng through
sé?%g%¥§%%i%g- Pgﬂid circulation path is bubbled by

generat | Gy | CaflOVWIEL £ €SN 408 PhmpakHamber ;
throttl edq%plﬁi%ﬁ{%%t?ﬂeﬁﬁu%bl ed dissolved air ?I ows =r
bagkginto the cleaning tank together with the

cleaning liquid so that the 15 bubbl ed dissolved air

i s ej ecteehisopLbpRAdidH fotmed atsaid ihDet andtheighrottle
tank to the outside of the tank. 8. The deaeration

depd £€1 € BedinPshal Ledi than a didhdiesr ednPaidipigpes, wherein
def ornabl e el astic tube provided on the way of said
cl eani ngzdvigea i eh ricu lgenieoa tigat Btabdearear of said throttle
portionsoas tobubbledissolvedair insaidcleaningliquid.
6. A deaeration device comprieing a propeller of
a circulating pump for supply/feed cleaning liquid in which
a blade profile is asymmetrical, wherein
cavitationisgeneratedaroundsaidrotatingpropeller
so as to bubble dissolved air in said cleaning liquid.
7. An ultrasonic cleaning device including a
cleaning tank attached with an ultrasonic wave generator
and filled with cleaning liquid for ultrasonic cleaning of
anobject tobe cleaned by immersing saidobject tobe cleaned
in said cleaning tank and irradiating an ultrasonic wave
from said ultrasonic wave generator, comprising:
a cleaning-liquid circulation path formed =so that the
cleaning liquid in said cleaning tank is circulated through

a predetermined path and then, returned into the cleaning

tank again;
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20 tube- sectional -area varying nmechani smwhich is

attached to said elastic tube and can vary inside

sectional area on the way of said cleaning-liquid

circulation path by pressing said elastic tube,

wherein said throttle portion is fornmed by pressing

operation 25 of said tube-seéY onal -area varying

mechani sm 9. The deaeration device according to claim

7, further conprising a rigid pipe provided on the

way of saicdreulE gy pympi fpF gusitiening bhepukepning liquid

wherein said throttle portion is formed by narrow ng a,

di dRetetd dreandng 11HTeidipercutption Rathdes girculation;

cl eaning device including a 5 cleaning tank attached

wi #R9an ul trasoni ¢ wave generator and filled with

cleaning_li,quid fqr uljrasonic cleaping of ,_.an obj ect .

Lo be ol 2afBaehe Hori if S ar GBS} CBML Fo HHF YBEnEq 521d

in iLd.cleanin nk and .i.rradiatin n_ulirasonic

wsseef i Batld et P e i nor st ng:

10 a cleani gurdddul g Gl A1d 98 PALD; AGRIEH (3 WBPloz sata
cle ank 1s

the cleaning TTquid in sal I ng

ci &Eéhﬁﬁﬁg-&EE_?[‘iglhci?cGiEQ%ﬁrﬂHﬂ?Qnﬁﬁﬁh anthidef e portion

returned into the cleaning tank again; a circulating

PURRi ERS i § U inidkt Bg hBeredaly Nashiausdctionhl $864 of said
cleaning-liquid circulation path for circulation; and

a drashahgonideMidc @ iGulerdash gratihe awyg of said

cleaning-liquid circulation path, wherein: said

deaer at i dhssevired s ianthbsé bedriagrhigetd iflowing through
gaid cleaning-liquid c¢irculation path is bubbled by
generatingcavitationonthedownstreamsideof said throttle
portion and the bubbled dissolved air flows back into the
cleaning tank together with the cleaning liquid so that the
bubbled dissolved air is ejected from the liquid surface
of the cleaning tank to the outside of the tank.

8. The deaeration device according to claim 7,
further comprising a deformable elastic tube provided on
the way of said cleaning-liquid c¢irculation path and a
tube-sectional-area varying mechanismwhich is attached to
said elastic tube and can vary inside sectional area on the
way of said cleaning-liquid circulation path by pressing
said elastic tube, wherein

said throttle portion is formed by pregsing operation
of said tube-sectional-area varying mechanism.

5. The deaeration device according to claim 7,

further comprising a rigid pipe provided on the way of said
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20 saidcleaning-liquid circulationpath to generate
turbul ence by resisting the flow of said cleaning
l'iquid through said cleaning-liquid circulation path;
and dissolved air in the cleaning liquid flow ng
through said cleaning-liquid circulation path is
bubbl ed by 25 generating cavi%lati on on the downstream
si de of sai dobstacle and the bubbl ed di ssolved air
flows back into the cleaning tank together with the

cl ehapngnpi-ddian ido cilrau gl dnilga e, 4pherein

di ssol vedai ri sej ect edf ront hel i qui dsur f aceof t hecl eani ng
tank to $&kdEhEsitdd epo¥ hkop dAfiEormed R nARLOYEdY @ diameter
cl eani ng .device including a cleaning tank attached

wi PR 81t rigdchPdBRave generator 5 and filled with

cl eanin iquid for .ultrasonic_cleaning,of an object.,
Co’be crbined By FrHREASTG Sardeanias, Svhesc ahiting

e T R 502 R RS BB ppracor

ri sing:

a Q% aﬂ.fﬂéé Ivﬁ%kggﬁ:e:?%slié%{jigﬁugat EOL% s‘gn{gaélléa{}gicfxg of

10 eantng 1 gui eani ng nk 1s circu

thLQUaly o it PG EREL féé!ﬁ&&%ypﬂnﬁe?é‘ﬁ g@%}d 554 HEF;&‘} b8l eaned

the cléaning tank agaln; a circulating punp

sughi @REAYc1BEntheaBhAR hhAUidralifatdng an ultrasonic wave
cleaning-liquid circulation path for circulation; 15

andramdeagHal @f st iGe Wl efd 106 St hecvmyr 2k iagi: d
cleaning-liquid circulation path, wherein: said
deaer at | & 1¢iH iGRy 1TASQRL P iR cAllatiem phth £fdiniéd sat tligt the

punp for supply/feed of said cleaning |iquid,
cleaning ligquid in said ¢leaning tank is circulated through
a predetermined path and then, returned into the cleaning
tank again;

a circulating pump for suctioning the cleaning liquid
in said cleaning-liquid circulation path for circulation;
and

a deaeration device connected on the way of said
cleaning-liquid circulation path, wherein:

said deaeration device has an obstacle arranged in
saidcleaning-liquidcirculationpathtogenerateturbulence
by resisting the flow of said cleaning liquid through said
cleaning-liquid circulation path; and

dissclved air in the cleaning liquid flowing through
said cleaning-liquid circulation path is bubbled by
generatingcavitationonthedownstreamsideof saidobstacle

and the bubbled dissolved air flows back into the cleaning

tank together with the cleaning liquid so that the bubbled
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20 a pi pe connected to an inlet of said punp chanber,
and a throttle portion forned at said inlet and the
throttle portion being smaller than a di aneter of

said pipe; and dissolved air in the cleaning liquid
flow ng through said cleaning-liquid circulation path

is bubbled by 25 generating & vitation on the
downstream si de of said throttle portion and the
bubbl ed_di ssol ved air flows back into the cleaning _
t afks eod¥efad niiagi etesdf vamthg ILilidr uwfadre f thecdganing
bubbl ed di ssolved air is ejected fromthe liquid
subrBketootheheutiedss of ik %3 % he outside of the

tank. 12 _An ultrasonic cl.eani devi ce.in¢cludi,ng a .,
cl eani ngtt ank 28 t BihERSAe aﬁggﬁflﬁﬁ‘gonﬁi?:vhﬁee intluding a

t d filled wt I [ Liquid f
i vrasanre ErBinehbesRodhvabroat b paosnis,2a sy generator
| RS 00 8 PRSP SRS, LAl S o o
I : _ i nacs '
0| KRR, 1RKS SRUEATA B LGAIBALR) B Fobsert o cleaned
10; ¢! ga0hn@16bAYhE tBnRabHdci eaRlRdtiARKabSutkradbatitdwave
through a predeterm ned path and then, returned into

t heréheali A0ultdBlkcrdd Riave JdrditatdNg PoPrising:
suctioning the cleaning liquid in said

cl eani noa kil@dind rej 1cilthaid edrealation sathlcinealso titat the
and a deaeration device connected on the way of said

cl ehaandalbi iqul & iincsd dlicdre painy twihdr 8 rrirsailhted through
deaeration device has a propeller which is a

prapet¢de tefmihedcpathl and dhgunr dtorrmrp gint/d ¢dee gfleaning
thEank again;

a circulating pump for suctioning the cleaning liquid
in said cleaning-liquid c¢irculation path for circulation;
and

a deaeration device connected on the way of said
cleaning-liquid circulation path, wherein:

gsaid deaeration device has a pump chamber of a
circulating pump for supply/feed of said cleaning liquid,
a pipe connected tc an inlet of said pump chamber, and a
throttleportion formedatsaidinlet andthethrottleportion
being smaller than a diameter of said pipe; and

dissolved air in the cleaning liquid flowing through
said c¢leaning-liquid circulation path is bubbled by
generatingcavitationonthedownstreamsideof saidthrottle

portion and the bubbled dissolved air flows back into the

cleaning tank together with the cleaning liquid so that the
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20 cleaning |liquid and whose bl ade profile is

asymmetrical; and dissolved air in the cleaning liquid
flow ng through said cleaning-liquid circulation path

i's bubbled by generating cavitation around said

rotating propeller and 25 the bubbl ed di ssolved air

fl ows back into the cleaning t¥&nk

t oget herw t ht hecl eani ngl i qui dsot hat t hebubbl eddi ssol ved

air is ejected fromthe liquid surface of the cleaning

t dpwblliedodipgoduedi adrotst pdechar. frgm the liquid surface
Theul trasoni ccl eani ngdevi ceaccordi ngtoclaim 7,

f P hbReceAprrdngy taakaite dhpISrEeEie of t RheakpBble

val ve openi ng degree connecteg tosaidcleaningzlithg
circul attdn 5 Hut FléFasp@ifonsEABARGEs| FBVLfesatFtuding a

d ti ! i lied |
RE Ao L8, Lo S By B REREY v bRnerator
g L%%ﬁ;p.ﬁlé%eln% l#:l%&'l(.: Ic:&%%ln%tnlgog :L&QE.Q £g:|r: q{'ﬂg@réygm. &d1 eaning of
Theul L. . I : : : :

IR SRS L HeOf A 505 U B cpanee

| NPt LQuEPYi o LRI AL PANRT ahlie HEbARaRRhG 8hedlkResonic wave
device is configlred fromtine-series data of plura

st pt6maHanli Lh@¥asonic wave generator, comprising:
i ncl udi ngat | east di ssol vedai rconcentr at i onof

t hecl eana kg ealniiGig -d. i il Ehe ctilatdlorefla8hlformed so that the
concentration of the cleaning 15

| i guedhsngitigii@dmseidrileming vamnkai  aitrenedgtesd itheough
nodel . 15. Theul trasoni ccl eani ngdevi ceaccor di ngt ocl ai m

142 phedetermihedrpably dndcthem, iretgimrend timto the cleaning
saidnul tivariate auto regressive nodel, the

ti penkepgedndata on state quantity

a circulating pump for suctioning the cleaning liquid
in gsaid cleaning-liquid circulation path for circulation;
and

a deaeration device connected on the way of said
cleaning-liquid circulation path, wherein:

said deaeration device has a propeller which is a
propeller of the circulation pump for supply/feed of the
cleaning liquid and whose blade profile is asymmetrical;
and

dissolved air in the cleaning liquid flowing through
said c¢leaning-liquid circulation path is bubbled by
generating cavitation around said rotating propeller and
the bubbled dissolved air flows back into the cleaning tank
togetherwiththecleaningliquidsothatthebubbleddissolved

air is ejected from the liquid surface of the cleaning tank
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20 is neasured/collected regularly or when necessary

and the nultivariable autoregressive nodel configured
based on the previous tine-series data is nodified by

the obtained tinme-series data. 16.

Theul trasoni ccl eani ngdevi ceaccordi ngtoclaim 25 15,

wherein a cleaning-1iquid suctddon port for suctioning

the cleaning liquid in said cleaning tank into said
cleaning-liquid circulation path is opened on an upper

pake #Beoputisddsl edhitie ttank- and a cl eaning-1iquid

di scharge_port for discharging the cleaning liquid in_
sai d cl ebht ng-Theul Hragprdgrdeagingdevier aceardingtoclaim
cleaning tank is opened on _a | ower part of the ,

cl %arﬁ"‘dfg:bt%ﬁc”aﬂr&séPEé‘fbﬁibBﬁ“tPé’]tYom?ﬁ’és?d-&l'ﬁ viriable valve
port. 17. Theul trasoni ccl eani ngdevi ceaccor di ngt ocl ai .
16°PRALREGS Y §9 T RTC LR tOPR ﬁﬁf??{ﬁﬁa{+ﬁ“?ﬁ81r°“ ation

I ' . . . ,
{ aRRF BoRBNGRALIRRRRET A% PAES 8F: REATORRSFATAAR SSVAgS S°

g gi{i!a?héi‘ﬁgé'%ﬁ §é’rHJé%l1 Dla saléh ﬁ]:itl{ec ‘é'l%ta!:{Il%x#)ﬁg%ﬁ% flowing

t ha I ssolv alr concentration

cl eapbagnt aak PEQQHEﬁg-liﬁiqfu‘lrdmci Qulation r%a.tfm7 through the

Theul trasoni ccl eani ngdevi ceaccor di ngt ocl al

whgi ei Bubpeydimeselsved air concentration of said
cleaning "liquid is controlled to be not less than 2.5

ng/1. 15149. Theultrasoniccleaningdeviceaccordingtoclaim
Theul trasoni ccl eani ngdevi ceaccordi ngtoclaim 17,

WheB eiwheér 10RehL2EivBEe apRuitsrigedsaiveanddel showing an
circulating punp, and the dissolved air concentration
of ihpetébetputgrelatiocd ¢f thentil okbedntie ¢heéadningalevice is
range of 2.5 to 3.5 ng/l. 20. The ultrasonic cl eaning
degpuéigoreddiremttdmergeries data of plural state quantities
includingatleastdissolvedairconcentrationofthecleaning
liquid, and the dissolved air concentration of the cleaning
liquidiscontrolledbasedonthemultivariateautoregressive
model.
15. Theultrasoniccleaningdeviceaccordingtoclaim
14, wherein a learning functionisgiven to saidmultivariate
autcregressivemodel, thetime-seriesdataonstatequantity
iz measured/collected regularly or when necessary and the
multivariable autoregressive model configured based on the
previous time-sgeries data is modified by the obtained
time-series data.
l6. Theultrasoniccleaningdeviceaccordingtoclaim
15, wherein a cleaning-liquid suction port for suctioning

the cleaning liquid in said cleaning tank into said

cleaning-liquid circulation path is opened on an upper part
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20 one of clainms 10 to 12, further conprising an air
supply neans with variable val ve openi ng degree

connected to said cleaning-liquid circulation path on

t he downstream side of said deaeration device so that

air can be supplied into the cleaning liquid flow ng
through the cleaning-liquid 2 circulation path

through the air supply nmeans. 21. The ultrasonic

cl eani ng device according to any one of clains 7, and
10°f -he clghstigia tardul endat iceamiggt el shisicharge port
nodel show ng an input/output relation of, i o
t heBF (LR RA APk S7 B 20 E ddifv gl L B Faich Pl Rend 8gi-dd quid
data of _pluyral state quantities including at | east

i SLEFYRAELAPRAhABHE S 1A A 16RRIRE ERBE o gPPRed AR @ Lower

and_the dissolved 5 air _concentration of the cleanin .

T Eat oL e srrdad heBR SR BRdenfpPraA R Fa HHE Betion
auég;ggressive nodel . 22. The ultrasoni c cl eaning

deVicé according to any one of clains 7, and 10 to

12, whergjn aﬂ@&f%?g@hhgﬂbq_eaﬁ%ﬁ; A M&c%ﬁf?%ﬁgtoclaim

suctioning cleaning Tiquid in sal ani ng

i nig, sehdreifani s i Spih & IIQYAAPN PR 11$ WeNedeaning
on an upper part of the cleaning tank, and a

cl eafk A8 chiatiged by BLHGL 8§ aPull @t iHFERAIE SFthB@1eaning
cleaning liquid in said cleaning-liquid circulation

pal bquhilsbdugR lcRaniRg biEnkaid T iRAIRk iy U6 that the

part of the cleaning tank on a side 15 opposite to

t héissclved portcoRdenthatibhr daonhe cleaning dawnkc®ecomes

according to any one of clains 7, and 10 to 12,

whenéfarm.f| ow of the cl eaning

| i qui di nt hecl eani ngt anki schangedbychangi ngacirculating

amount o¥8t he ThephtnysPnyord cahiogge ot aetondingtdclaim
17, wherein the dissolved air concentraticn of said cleaning
liquid is controlled to be not less than 2.5 mg/l.

19. Theultrasoniccleaningdeviceaccordingtoclaim
17, wherein a propeller-type pump is used asa saidcirculating
pump, and the dissclved air concentration of the cleaning
ligquid is controlled to fall in a range of 2.5 to 3.5 mg/1.
20. The ultrasonic ¢leaning device according to any

one of claims 10 to 12, further comprising an air supply
means with variable valve opening degree connected to said
cleaning-ligquid circulation path on the downstream side of
said deaeration device so that air can be supplied into the
cleaning liquid flowing through the cleaning-liquid
circulation path through the air supply means.

21. The ultrasonic ¢leaning device according to any

one of claims 7, and 10 to 12, wherein a multivariate
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20 circulating punp so that the dissolved air

concentration in the cleaning tank becones uniform

24. The ultrasonic cleaning device according to any

one of clains 7, and 10 to 12, wherein the dissol ved

air concentration of said cleanlng liquidis

controlled to be 25 not less4fhan 2.5 ng/l. 25. The

ul trasoni ¢ cl eani ng device according to any one of

clains 7, and 10 to 12, wherein a propeller-type punp

47aP§°E§§aea§1§&| atoeierlcgbamwg pompRPatd o Ul Fediatddn of
concentration of the cleaning liquid is

coﬁP?HF-ftg&sPS‘lf%q:'rea‘H‘P% pyhge igconbigured Sragtime-series

dataocf plural state quantities includingat least dissolved
air concentration of the c¢leaning liquid, and the dissolved
air concentration of the cleaning ligquid is controlled based
on the multivariate autoregressive model.

22. The ultrasonic cleaning device according to any
one of claime 7, and 10 to 12, wherein a cleaning-liquid
suctionport for suctioning cleaning liquid in gaid ¢leaning
tank into said cleaning-liquid circulation path is opened
on an upper part of the cleaning tank, and a cleaning-liquid
discharge port for discharging the cleaning liquid in said
cleaning-liquid circulation path into said cleaning tank
is opened on a lower part of the cleaning tank on a side
opposite to the suction port.

23, The ultrasonic ¢leaning device according to any
one of claims 7, and 10 to 12, wherein a flow of the cleaning
ligquidinthecleaningtankischangedbychangingacirculating
amount of the c¢leaning liquid through control of said
circulating pump so that the dissolved air concentration
in the cleaning tank becomes uniform.

24, The ultrasonic ¢leaning device according to any
one of claims 7, and 10 to 12, wherein the dissolved air
concentration of said cleaning liquid is controlled to be
not less than 2.5 mg/l.

25, The ultrasonic cleaning device according to any

one of claims 7, and 10 to 12, wherein a propeller-type pump
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is used as said circulating pump, and the dissolved air
concentration of the cleaning liquid is controlled to fall

in a range of 2.5 to 3.5 mg/1.



