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ULTRASONIC 

-.l-

CLEANING APPARATUS 

The present. .invention re1ates to an appa­

ratue for ultra3onically c1eani.ng a workpiece, and 

:more particula~ly to an ultrasonic:a.ll.y cleaning ~p-

paratus ha'Y'inq an ultr~sonic vibrator mounted on · 

the bottom. o~ a cle;ilning t..ank fol'. i:-~diatinq an ul­

trasonic energy into a cleaning :solution supp1ied 

to the cleaning tank to remove foreign matter ox­

burrs off a workpiece immersed in the cleaning so-

1ution. More speoi~ical1y,_ the prosent invention 

i.11 concorned with an ultrasonically cleaning appa-

ra.tus having a doaerating device fox- deaer.:ating ·a 

ol..g,an:i.ng- solution to supply a deaerated cl.eaninq 

solut~on to a cleaning tank. 

He~•tofore, there are known ultrasonically 

cl.eaning apparatus bavinq .a .cleaning tank with an 

uJ.traaoni.o vibrator mounted on its bottom. After 

1:.h• ct1fll'aning- tank has been supplied with a c1oani.ng 

sol.ution, ultrasonic energy is radiated from the 

ul.traeoni.o vibrator :lnto the ultrasonic solution to 

cl.cc1.n a · workpioco immorl!Jed in the c:leaninq solu-

ti.on. Hhon ultrasonic onergy i~ radiated from 

the ultra:sonic vibrator i.nt.o the cleaning sol.ution, 

i11i1i1iiHr 
__ .. _ .. a.~:- .. , .... · •. ~ 

··.• ~~~:~.~ 
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tho olo~i.ng ao.lut~on is cavitated, and the wox-k-

piooo i.o oxpoaad to $hock waves or mic:rojets that 

are produced when the caifitation is collapsed. 

E'oroi.CiJn m.at:t:oz- or bu~~• can be removed. f'rom. the 

~orkpi.ooca by t:hos11 shook waves o:r 111icrojeta. For 

o£f;i.o:i.on~ly ol.•a.ning workpieces, it is nocessa:i:y to 

provide conditions which facilitate the generation 

of the oavit.:at.ion i.n the cl••~ing solution. It is 

?tnown -t.hat th• csleaning- aol.ution can be oavit•ted 

more tlaC5ily if t;h$ conoent:catio.n of a g:iu~ dis.solved 

in tho cleaninq solution . is lower. If the eoncen-

~.ration o-;t a g-as di.oi:to1ved in the cloo.ning eoJ.ut.ion 

i.i:s too h19h, tnen the disaol.v~d ga:s i.e c:onv•::l:'t.ed 

into bubbles by the ul.tra.sonic energy :a.di•t•d by 

the ultra.eoni.c v-ibrator~ and the cle.aning eolution 

is leas cavitated as tha ul.t:r:asoni.c energy i.• · ab-

:sorbed by the bubbles. 

It is important, therefore, to control. the 

amount ot" a qa.ts dissolved in the cleaning tsolution. 

tthere have been proposed ·various deaeratinq devices 

for supplyin9 a dea.erated Qlean.ing &$Olution to the 

cl•aninq tank. one known de~e:ratinq device has a 

boiling tank for :boiling the cleaninq is.olution to 

re1ease any diseol.ved g~a from the cleaninq :solu-

-----J 

tion. In another conventiona1 deaerating device, a. 

hi9'b-temperature layer is produced in a deaera.ted 

cleaning solution in the vicinity of its eurface in 
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thca cl.aaning tank, thu• liJanoratlng a low-tem.para­

tu~• J.aya:ii: bolol4' th• hi9h-tom.p~ra.tura layer. 

Becauso air is disso1ved into the cleaninq solution 

at. di:!£orcu1i:. ~•t'ilt• at different. so1u'tion tempera­

t:ua:"e•, ·th• hi.gh-tompi;irat:uro l.a.yer is ef:fective to 

proven~ a.i.:ii:- ;fz:-om being dissolved into the clea.ninq 

soluti.on, thereby keepinq tb.e cleaninq $Ol.ution 

dea•z-"-t;•d in t.ha 1ow-t.omp4:z:o.atur• layer. Still 11n­

ot.her prior deaer;at.:i.ng dovico h~u a. ho11ov fibrous 

ga" oepara~i.nq m•.ml:irane module. 'While .a ¢l..ci.an.i.ng 

.solution ii5 flowing through the bollow fibrous mem­

])ranas, the pressure out~ide tbe ho11ow :fibrous 

memcranos l.s lowar•Cl to d.:raw any dil5Bolvad ga:s ~•om. 

the cl.ea.ning aolut1on out ot the ho1low fibrous 

membran•s, thus deae.ratinq the clQanin9 Goluti"on. 

However, the known (1eaeratinc;' devic&c ou:f-

f er various problems. 

Specifically, the deaarating device with 

the boilJ.nq tank is rel&tively large in size and 

take-=s a long period of time to deaerate the clean-

inq solution. This type of deaerating- device is 

not practical as the deaerating accuracy is not 

high. 

'rhe deaerating devie• 

and low-tfltmpe:rature layers in 

ie not suitable for use with 

which forms hiqh­

the cleaning so1ution 

clGaning solutions 

thc..t contain a solvent of low boilinq point because 
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o:t: t:he hi.qh-tornp~rat.u~o 1a.yor that must be qonor-

l:lt~d. 

The daaer-.t.i.ng devioo with tho qa.15 .sepa.-

x.atino membran• modul• is·· ditiadvantageouo in th;at 

the hol1ow fibrous meml:>ranes a.re e~penl!!llive and open 

to attack by certain eolvente such as hi9hex a.lco-

hols. Therefore, the deaerating devica of this 

typQ can u8e only a limited .range of cleanin9' aoiu-

tiona. :Furth•rmore, the effectivene~o of the hol-

low tibroua m•mbranaes is lowered quick1y when oily 

subzstance:s are attached to the hol1ow :fibroua mem-

branee or biological membranea are depoaitod 

theroon due to the growth of! microot"qan:i.amo. 

J:t is an obj•ct 0£ some embodiments 

to provide an ultraeonic cleaning apparatus 

with a deelerating device that. may be relatively s:nall 

in .siza, inoxpen1Jive., may he used with va~ious dir-

£erent cleaning solution~, and. may deaerate a 

cleaninq solution accurately within a .short period 

of time. 

According to the present invention there is provided an 

apparatun for ultranonica11y cleaning a wo~kpiece, 

comprising a cleaning tan>c: ~or stor1n9 a cl.aa.ninq 

.solution therein, the oleaninq tanx having an ul­

tra:Jonic vibrator dispo3ed therein for 
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r1;1.tlio.f.::iug. ul.traaonic on•rgy into thq. ol.aanin'iJ" 

ftOl uli.on to rem.ova forolgn mct.tter l bur::.:s or the like off a 

"H"orkpicC6 irnmerood in the cleanin9 :solution, and 

1'9aled tank for l?einq supplied with the cleaning 

15olu.t.ion l:i;om tho clecning tank, and eva.cuat..ing 

moan::,1 for: ev-a.cuating the doaled tank to rQloa.se 

ditS3olved gazs 1.'rom the cleaning aolu.tion ~uppliod 

to t:he 8ealQd ta.nJc a.nd exposed to an evacuated 

space in the aealed ta:nk, 

P f bl the vibrator is arranged on or adjacent r.e . era y ___________ _ 

the bottom of the cleaning tank. 

W.b.en the C:l.eaninq aol\lt.ion int:z;oduood :1.nto 

the ~ealed tan~ i~ brougnt into contact ·with the. 

evacuated :!pace in the sealed tank, the di8!!olved 

gas i.s relell~ad !rom the cleaning 2:o1olution, i. •., 

the Cl4u.nin9 nolution is dcaQrated. Accordlng1y, 

thG cleaning tiolution can be deaerated lli<Jhl.y accu-

ra.tely it1 a ahort pariod of time without using an 

expensive ga.s ee.para.ting membrane module, a.nd the 

ultraaonic 

cmall in .isi:z:e. 

cleaning appar~tus may be rQlativeiy 

The ul trasonieally cleaning 3.ppa.ra.-

tua may uee any cleaning aolution as it hae no gas 

.separating membrAno module and ;_t doe~ not gonerate 

a high-temperature layer in the cleaning ~elution. 

Thrt deae.rating meana may includet mean~ for 

ditscha:tging air from the ~Qaled tank to avacu~te 



·' .. : ' . -:-6-

Suoh mQans may compr.iae a vacuum 

p1.:1mp or an ojoatox wit:h a valve vented to atmo­

sphera, for exan1pl•. 

'l'b• •v.a.cuating means may be connected to 

an upper portion o:f! the sealed tank, and the appa­

ratu• may further include means for supplying the 

cle•ning solution to the a:ealed tank throuqb a bot­

t:o~ · th•reo:f, wh•roby ~ho c1aa.ning aolu1:ion is ex­

po••d bo th• ovaeuat.ed apace .in tha upper po::tion 

o~ the ooetl.ed cank. Ao t:h.e ¢loaning so:tution is 

introduced into and accumulated in the sealed tank, 

the apac• in th• uppe:r: :po~t.ion ·of t:.h• aaal.•d tank 

is :ced\1.o•d., and then evacuat.&d by t.he ova.ouaid.nq 

means conn•cted to the uppe:r port:ion o:f the ••a.1od. 

tank. 'l'herefora, a high vaai:nun can be dCtveloped in 

a abort pe:i.od. o:c time, ca.us1ng -Che d!.tu11ol.ved gae 

to bo easily releas•d · from .the cleanin9 solution 

into the apace in the uppe:r: portion o:f the · oea1ed 

t111.nk. 

The deae:r:ati.ng m!'ans may incl.ud• an ul.tJ:o.-

80nic vibrator mounted on the bottom ot th• zsealed. 

tank £or radiating ul traaonic ene.=qy into the 

cleaning aolutlon in the sealed tank. 'l'be ultra-

csonic. energy radiated f!'rom. the ultrasonic vib~ato:r 

into the cleaning solution accelerates the release 

of the dissolved gas from the oleaninq sologtion. 

The ultrasonic energy radiated by the ultraa:onic 
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vibrator ha• a £ri;aq:"10ncy 'tlhi.oh mh.y ra.nqa from 25 

kE.n t.o 1, 0 MH11, pr.af•rably from 1. 0 MHz to 1. 9 MHz. 

!f tho frequency of the ultrasonic Qnerqy its lower 

thn.n 25 kHz, then it prodUCfi'\IS an uncomfortable 

no.iso. Any u1trasonic vibrator capable of radiat-

in9 an ul.traaonio •nerqy at a frequency high•r than 

l. 9 MU:z is not availe.blo at pro~ent. 

Tha deaera.tinQ' mean3 may introduce t.ha 

c1Qaninq solution downwa:i:dly into the scaaled tank 

from an upper portion thereo:f, whereby tho cl.eaning 

isolution is exposed to the evacuated 1Jpace in the 

•caal.od tank whi.la flowinq downwardly through the 

While thG cle:aninq solution is flow-

3.ng- £rom t:.he upper portion of the sealed tank down-

wardly through the aealed tank, the cleaning so1u-

tion is expo8ad to the evaouat-ed spa.ca in th& 

sealed tank through an increased area. of contact. 

The~e~ora, any dis.sol:ved ga.tt can eaeily be di.a-

cha.rged :from the cleaning solution. 

Tho ova.auating m~ans may include a dia­

cheu:·11• pi.pe 02i:.onding- v~rt.ica11y in thG aea1ed tank 

~nd having a p1ura1ity of holei~ defined in a wall 

theroof, and means disposod out~ide of the isealed 

tank 1:1.nd oonnoctod ~o t:ho disch8.rga pipe, for dis-

c;:harg.Lnq o.ir from t.ho 1J9al.11111d ·tank, thQ d.ischarqe 

tion from being drawn into the: di~charge pipe 
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throu<Jh 1:ho hola11.. Tha. ovaeu.ati.ng maans can uni-

form1y ovaeua.ta the sealed tank by di='charqinq air 

from· th• sealed tank, and the cle~n:i.nq solution 

flows do11nv.t11rdly through the eealed tank vi thout 

beinq dra"lifn by the ·evacuating mean es. 

The means for preventing th9 clGaninq :oo­

l.uti.on from bei.nq drawn into the diach!!rge pipe may 

coinpris• covers attached to the discharge pipe in 

overhanqing relat.io.nship to the holes,. raspec-

tively. Since· th• cleanin9 :esolution £low8 along 

th& coverlJ, it ie ef'factively prevented ~rom being 

drawn into the evacuating moans. Air in tha sealed 

pipe is drawn into the hole.s throuyh gapo defined 

betwa•n the discharge pipe and ditJt•l ends of the 

covars. There:fo:i:e, the cove:ra do not ob8truct the 

disohar9e of air from t.he $C!l&led tatlk. 

Tho evacuatil'lq means may include means in 

the ooaled tank fo:c expo.sing the cle~ninq solution 

which ia introduced downwardly into the se~led tank 

to the evacuated :!pace therein through ~n increas•d 

area ot contact. Since the cleaninq solution i" 

•Xposed ~o the evacuated space through an i.neraased 

area of contact, the c1aaninq solution can be 

deae~atGd highly •fficiently. 

'l'he m•an• in the a•a1ed tan:ic :to:r exposi.ng 

the cleaning .!Solution to the evacuated :spa.co may 

compris• a plu:r•1i.ty of! va:cti.ca11y spaced pa.rti-
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tion1' d.iv.idin9 tbe1 opaco in th'CI ::sc&l~d ta.nk i.nt.o a 

p1ural..ity ot:. chambero, o-c1ch o:f! tne pa.rtie:i..ons h-.v-

i.ng a plura.lity of ismall hoJ.es. Upon downward. f1ow 

o:f! t:h• ol.•aning eol't;lti.on in t.ho saal.ed t•nk, the 

ono of th• partition•, and hiotnca is exposed to the 

:Jpaae in the sea.l.ed tank . throuqh ~n increased araa 

t:ho cl.eafl.ing eolut.io~ to t.ho ovaouat:od .spa.ca ma;v 

al.so compX"iso a filler for al1owinq the cleaning 

oolut.io.n. to £lo'H' on a e\lr:faco tho:coo£. 'While t.ha 

cleaning zsol.ution ia flowing downw~:z:ctly al.onc;r t.ho 

sur:t!ace o:f the :fi.lle:e in the l!lealed t.ank, tho 

cl.eaning solution ie exposed to the spa.co in thca 

With ·the filler 1.1.oed, the cleaning sol"l,ltion ~•mains 

exposed to the 21pace .i.n the oecs.1ed t;i.nk £o:i: :sa. p•-

riod of time lonqer. than if it were di:Jperaed only 

by the ema.ll nol.es i.n the pa:s;tit.iono. '1'huo 1 the 

cleaning sol.utj.on can bo dea.e1:~ted hi.~hl.y e~:f!i.-

ciently. 'l'be filler may preferably bo in t.h<i. fo~ 

o~ a ::spirally wound net of SUS or pla:Jtie a15_ it io 

inexponai.ve ~n<i any oily or biol.09ical deipoisi.t:e c~n 

easily be waebed a.way tor reusing the fil.ler. 

The meanff in the ee~l.ecl. tank foX" tilxpo:s~n<;i 

th4l cleaning rsolution to the evacu~t•d space may 
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compris• both n. plurality of verticall.y 11pao•d par­

tition~ dividinq the space in thg zsaaled tank into 

a p1uralit.y of chambers, •uu;:h of thg pa:ct.i.ti.ona 

havi.nq a. pl.urali.ty of rsmall holes, and a .filler 

disposed .in the chamber~ foi: o.l.lowinq the clea.ninq 

solution to flow on a surface thereof. aoth the 

partitions and the filler jointly operate to expose 

the cleaning solution to the evacuated space in the 

sealed tank throuc;h an increased area 0£ cont.act. 

The .spaced part.it.ions in the sealed tank a.lso serve 

to stiffen the sealed tank, Accordingly, even when 

the iH•l•d tank is evac;:uated, the sea.lad tank is 

protected from de~ormation. 

The cleaning tank has an outl.et port for 

d.ischarginq the cleaning sol\ltion from the cle•ni.ng 

tank and an inlet port :for Bupplyin9' the clet1.ning 

eolution into the al•aninq tanJc., further includi.nq 

oiraulating means £or ci:rcu1atin9 the cl.eaninq so­

lution from the outlet port to the inlet port, th• 

deaera.ting mean!! being connected· in the oiX"oulatl.ng 

m•ans. Since tha cleaninq solution is circulated 

tor deaeration, the cleaning "olution can be reu15ed 

and hQnce may he coni:sumed in a relativel.y omall. 

amount. 

The deaerat.ing means may include · d.ebub­

bling me.ans for aliminatinq bubblfils p7:oduaed in the 

sealed tank when the diesolved gas is rel.eased from 
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th.a ol•an!.n<J •olution, tho dAbubblin<:r meano being 

pooi.ti.onod in a portion of thca sealod tank where 

th• bubble a arn produced. Since tho bubbl~Hs are 

•1im:inat.•d in the aealed tank, they are preventad 

:from being d.ra.wn into the ovacuating mean~. 'l'he 

debubblinq me;i1.n$ m~y compria:e an ultrasonic vibra- . 

tor. disposed in an upper poxtion of the 8ealed tank 

for applyi.nq an ultrl::laonio ~norgy to the bubbleo 

produced from the cleaning soluti.on. 

The dobubblinq mean3 may be conn~cted b•-

twnQn the .sealed tank and tho means :for di.scharginq 

a.i.r. Wii:.h euab an a::rangeme.nt, i.na8mucb a:! the 

buhblen a.re eliminit.ted before they reach the evacu-

atinc;r aneant1, they a:ce prevented from being drawn 

into the evacuatinq mean~. The debubblinq mean3 

may comprise oolid debubbli:r:er which can eliminate 

the bubbles upon contact therewith, the solid de-

bubb1izgr baina :shaped not to obstruct the paes1'aqe 

of a gas therethrough. The 3olid debubblizer may 

bca a 11i.licone-baee .:JOlid dabubblizer. 

Ei:nbodiments of the invention will now be described by way of 
example and with reference to the accompanying drawings in 
which:-
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JrJ:G. 1 i• a •ahomat.~o vi.ow 0£ an ul.trason-

.i.o. ol.eani.ng apparat.u• accoZ"din9 t:o an. embodi-

ment of the present inventio1l; 

:1.o• ol.oani.ng appaJ:a:l:."1,1.e ac::oordi.ng to another em-

FIG. 3 i.a a cross-sectional. view of a. 

cl.•a.ninq 

app11~atu11 ohown in i':tG. 21 

i'IG. 4 io o cro~s-&Htctlona1 view taken 

along lino :rv - :IV of FIG. 3; 

ti.onal. view ot a structure ~or preventing a c1aan­

ing solutJ.o:o. ~rom 1'e.1.n9 d:i:awn; and 

FIG, 6 is a cross'.""sectiona.1 view of a mod­

ification of the deaerating c'.levice o~ the ultra.son-

i.e. c1ea.ninq apparatus shown in FIG. 2. 

As 1Shown .in FIG. 1, an ul traaoni.c 

oleaning apparatus, gene%ally designated by the 

r•f•rene• numeral 1, according to an embodiment of 

the pr•sent invention has an ultrasonic clean-

inq tank 2 with an ultrasonic vitirator 3 mounted on 

itn bottom. A workpiece to be cleaned is imnuarsed 

in a· cleaning .eo1ution 4 supplied to tha cleaning-

tank 2,· and ultra.Sonic energy is radiated from 

the ultraeonio vibrator 3 into the cleaninq aol.u-
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tion .f. to r.n;\ovo f'oi:oJ.qn ma.tto::r: or burrs ot!.f f:hft 

woi:kpicu:?a. 

A deaeratinq device 5 for deaeratinq the 

cleaninq .eolution 4 befoJ:"e it i~ supplied to the 

o1eaninq tank 2 i.s disposed outl5ide of tho cloaning 

tank 2. Tho deaerating device 5 compri~es sealed 

tanks 6&, 6b tor h•rmotical1y sealinqly storinq the 

cleaning isolution 4, and an evacuatinq unit 7 toi: 

•vacua ting the aealinq tanks 6a., 6b. The evacuat-

inq unit 7 has a vacuum pump 7a for drawing air 

fxom th• sea.ling tanks 6a, 6b to e'Vacuate them, and 

two three-way solenoid-operated v•lve.:s SVl, SV2 

through which ~he v~euum pump 7a is connected t.o 

upper ends of the 21ealing; tanks 6a, 6b. 

The cl.aanicq tank 2 has an outlet port . Sa 

in ita side wall for discbaJ:ginq the cletJ.ning solu­

tion 4 ·from th• cleaning tank 2, and a.n inlet port 

Sb in its · side wall fol:' supplying the cleaning ao- . 

lution 4 into the cleanin9 tank 2, th• outlet and 

in1et ports Sa, Sb being poaitioned in diva•tri-

cally confrontin<jJ relationship to each other. The 

outlet. and inlet port:s 8a, 8b are connected to ea.ch 

other through a. circulation conduit 9. 'l'be circu-

lat.ion conduit 9 has a circulation pump 10 for cir­

cu1atinq the ci•aning solut1.on 4 from the outlet 

port 8& to the inl.Qt por-t 8b, and a t'ilt•r 11 dis-

po.sad down3trea.m of the circulation pump 10 t'or 
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fi1t•ri.no out :fo.reiqn matter or b\lrr.., from the 

cleaning :solution 4. The circulation conduit 9 

a1ao has a "olenoid-operatad valve SV3 disposed up-

otrea.m of th6 circulation pump lO and a sol•noid­

op•rated valve SV4 dioposed down:st.ream of th• fil-

tor 11. Flow rectifyi.ng units (not shown) ar• dis-

poeGd in the. r•21pect.ive outlet and inlet ports Sa, 

Sb for preventing ai:r fz:om being trapped in the 

cleaninq eol.ution 4. 

Supply conduits l2a, 12b for introducinq 

tbe cleaning solution 4 into the :sea.led tanks 6a., 

6h are connected t.o the bottoms of the sea.led tanks 

6a, 6b, respectively, throuqh respective ao1enoid-

oparat•d val ve:s SV5, SV6 . The zn:ipply conduits 12a, 

12b are joined into a aingle aupply conduit 12 up-

stretll!L of the •ealinq tanks 6a, 6b. 'l'he eupply 

conduit 12 is divided into two conduits l2c, 12d 

upstJ:"eam of· t.he isuppJ.y conduits 12a, 12b. The con .. 

duit 12c ie eonnec:ted throuqh a solonoid-opcu:ated 

valve SV7 t.o the circulation conduit 9 at a posi­

tion between the circula.tion pump 10 and the 

so1enoid-operated valve SV3. The conduit 12d is 

connected throuqh a solenoid-operated · valve SV8 to 

th• circu1ation conduit 9 · at a po1Jition betw•en tho 

filter 11 and the solenoid-operated valve SV4. 

UltJ:lllSOnic vibratore 13a, l.3b are mounted 

on the respeot.ivo bottoma . of th• sealinq tanks 6a, 
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Gb for %'fl.d:i.ltl.ti.ng u1tra.ei:onio energy :i.nt:.o bho 

el.ean.i.ng solution 4 in th• aoali~9 -tanks ·,a, 6b. 

A reserve tank 14 is positioned adjacent 

to the ol.ean!ng tank 2 fo%.' i:ooeivinq -.n ov•r£101f' 0£ 

etorin9 a reoorva cleaning solution 4. The rasorvG 

t~nk 14 houses a heater 15 for keeping the cleaning 

ool.ut:..i.on 4 at a con•ta.n't. to:mp•~•tura. 'l'h• vol umo 

<>~ 'bhe ::a:6:ser:v• t.•nk 14 i" great.er than tho •v.m of 

The re-

serve tank 14 is connected to the circula.tio.n con-

dui.t 9 th:z;ou9h a condu.i.t 16 joined to tbo l:tot.t:om 0£ 

the reserv• tank l.4. "rhe cl.eaning tan)I;; 2 l.3 con-

nacted to the ci..rculat.i.on conduit 9 th.rough a con-

duit 17 joined to the bottom of the cleaning t"a.nk 

1 4 • 

Tho ultrasonic cleaning apparatus 

3howli in J!"IG, 1 operate a aa fo1l.ow8: 

l'ir~t, thti cleaning t~nk 2 is filled with 

the cleaning solution 4 which is deaerated., and 

then the circulation pump 10 i.s actuated to circu­

late the cleaning solution 4 from the outlet port 

Sa to the inlet port 81:>. At the same time, the ul-

trasonic vibrator 3 i.s enerqi~ed to radiate ul-

trasonic energy into the cleaning sol.ution 4. A 

workpioca with fore:i.qn Jnilltter or burro attached to 

its surface is immermed in the deaei.-.atod c1eaning · 
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*Ol.uti.on 4 :Ln thca c:l4ani.nq t.ank 2. 

THIS $HEET HAS BEEN 
REPL!-tCE~D 

~~----~~~~~--J 

ma.ttiar or burrs atta.chod to thta workpioco are nov 

r~move(! by cavit.a.tion which io qenei:atad in the 

cleaninq solution by the ultrasonic aner9y radiiltod 

from th6 ultratronic vibrator 3. 

AftG1r the . workpiGce. baa been c:l.eaned, it 

is lifted out of the cleaning solution 4, and then 

another workpiece to be aleaned is immersed in the 

cleo.ninq solution 4. Wh•n the above process i" re .. 

peatad to claan a number of workpieces, the rcamovti11d 

foreign matt&:z:- or bu:r:ra a:r:e accumulated in the 

cleaning 21olution 4, and a.ir is dissolved into t.be 

cle~ning solution 4. . Since the. amount ot air dis­

oolved in the cleaning solution 4 is l.ne.J:•a•ed, ~ha 

cleaning solution 4 becomes leo~ liabl• to be cavi-

tat ed. 

In the il.luatratad ultrasonic. cleaning 

apparatua, while tba cleaning solution 4 ia being 

circulated from thG outlot port Sa t<> the inlet 

port Sb, the foreign matter or burrs in the clean-
. . 

ing solution 4 are removed· by the fil.ter 11, a.nd 

th• cl.•aning so1ution 4 is introduced into the 

.seal.ad tanks 6a, 6b from thg circul~tion COtlduit 9 

through the CJUpply oondu.itis 12a, 12b. The cleaning 

solution 4 ie. ~hon deaerat•d in the aea.l.ed tanka 

6&, 6b. 

Mor4;11 cpecificall.y, the cleaning solution 4 
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ill! detuu:ated. by the doaer•t.i.n9 dev1.0C111 5 aa follows: 

No~ma11y, on1y ~hG •o1enoid-oparated 

valves SV3, SV4· are op•n, and the solenoid-operated 

val.v•s SV.!5, SV6, SV7, SVO .-r.ra o1os·ed, a1lowinc;, tb.e 

claAninc;r tsolution 4 to oiroulate f~om tho outlet 

port Ba to tht!l inlet port Sb. To· doae:rate the 

cleaning solution 4, the Dolenoid-opex-ated vs.lve 

SV4 is cloned, and the solenoid-operated valves 

SV5, SV8 are opened. '.rhe three-way eol&noid-oper-

ated valve SVl is vented to .atmosphe:re. Since only 

th~ solenoid-operated vaives SV3, SV8, svs are 

open, the cleaning solution 4 is int:oduc:ed into 

the sealed tank 6a throuqh the circulation conduit 

9· and the supply conduitis 12d, 12a. 

'rhen, when the cleaning solution 4 is .sup­

pl.ied up to a certain level in the .sealed tank 6a, 

the iso1enoid-oporated v~lvea svs, sva are closed, 

and the solenoid-operated valve SV4 is opened. The 

cleaning- .eo1ution 4· is· now circulated from the out­

let port 8• to the inlet ·port Sb. 

Thereafter, the three~way solenoid-oper­

ated valve SV1 is opt!u~ed i.nto communication with 

thlb vacuum pump 7a, and the vacuUJ.'ll pump 7a is o.c:tu-

.att;11d. An uppa:r: space lSa in the sealed tank 621, 

above the level of the cleaning ~olution 4 therein, 

is ovacu3ted by the vacuum pump 7a, devol.oping a 

bi9h vacuum. 1u~ a reisult, th• cleaning solution 4 
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is exposed to the evacuated upper apac:G lBa. and 

dissolved qae contained in the cleaninq solution 4 

is disah&rfiJed into the upper space l 8a. At this 

time, the u1traaonic:: vibrator 13a ia act\lAted. to 

ul.traaonic: energy into tha cleaning ao-

lui:.ion 4 in the sealed tank 6a. When the ultra-

tsonio •n•r<Jy is radiated into the cleaning- solution 

4, tho dieeolvad gas can easily be discharqed into 

the \lpper eipaca 18a. 

When different \llt.rasonic energies were 

applied to 70 liters of cieaninq o:olution 4, 

the c::1eaninq aol.ution 4 was deaerated by the ul.tra-

oonio enero-i•is as follows: 

Ultrasonic energy 

Not Applied at Applied A.~ 

appli111d 2B kHz 1.4 MHZ 

Time required 20 40 20 40 20 40 

(m) 

DicsZJolvud 2.2 1.8 1.5 0.7 o.e 0.4 

oxygen con-

centra.- ti on 

(ppm) 

rt oan be seeri rrom the anove tanie th•t 

uJ.tratsonic energy ra<1iatec. into the claan1nq 

sol.ution 4 by the ultrasonic vibJ:ators 13a, 13b in 

., . . . : . . ... ~.-: 
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the aeaJ..g,d tank• 6a, 6b ia e:f:f4;11ctive to .shorten the 

~imo r•qv.i.re.d to do.a-arat• the o1eaninq zsoluti.on 4 

nnd also to l.owar the die.solved oxyqe.n c:one•nt.ra.­

":.!.on, b•c::•u*• tho ul.traeonic ene.rgy ca.n aoc•lerate 

the ov.aporation and :releaset 0£ the di1J.solved qas 

£rom. the clean:ing solution 4. 

The ultra•onic energy radiat•d from the 

ul.trasonic vihratora 13a, 13b may have a frequency 

rt1.ngi.n9 £x-om 25 kBE ta 1. 9 MHz, preferably ranqing 

from 1 • O MB:& t.o 1 • g MHz:. I.f the frequency of the 

ultra.sonic enerqy i.s lower than 25 l<:Ht, then it 

~x:-Qd.1.lOOl!t an unoom.£or-t.ab1o :noi.•c.t, The ultrasoni.a 

~ner<;y mt1..y be e££ect.iv• if it• fr•quency i.e: higher 

than 1. 9 MRa, but · u1t.ra11oni.o vibrators oapabl.e 

of radiating an ultrasonic en•rgy at a fraquency 

hiqh•i; than 1. 9 MH• are not •vailablo •t present:. 

Under· noJ:mal conditions, the gas that i1J 

r.1i.i:J8olved in the cleaning .ool\'ltion 4 io a.ia:. Si.ncio 

the composition of' ·air i.is constant, the concentra­

t.1on O'I: c1i1Ji:solvad CJ•O 'i;s r-:tp:i:e:Jontod. by the d:i.s­

i!01Vecl oxygen concentration· i.n the o.bovo table. 

A predetermined pe::iod o:f tim~ at't•r the 

above deaerating procel.!B hats ~tarted, the 30lenoid­

opera.tod valve SV4 ia c1osed, anc:l the solanoic:t-op-

erated valvecs SV6, sve are opened. The tbrcio-way 

~olenoid-operated valve SV2 i8 vented to atmo-

sphere, Since only the solenoid-operated va1ves 
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SV3, SV9, SV6 e.r• open, the ol.oa.ni.nq ool.\lt!.on 4 ie 

S.Qt1:oduo~d :\.nto t:.be eealed t.a.nk 6b t.h::rough bhe Q;i.r-

cul.ation condµ.it 9 and the 21upply conduit.s 12d, 

12b. 

'l'hen, when the c1ea.n:i.ng aol.uti.on 4 i.a •up-

pl..i.od u.p to a ool:'tain lovo.l .i.n t:ho eoaled t.a.nk 6b, 

the solenoid-operated valves SV6, SV8 are closed, 

Thereafter, the three-way solenoid-ope~-

ated vc.l.ve 3V2 ioo opened ioto cQnvnunic:o.t.i.on with 

the vacuum pump 7a, and the vacu"Uin pum.p 7J:S i8 actu-

atad. An upper spao• l eb 1.n the. 8Q&lod tank fib is 

eirac;:uated to deaerate the cleaning .solution 4 in 

the seal.e<l tank ti");). At the same t.inu11, th8 ul.tra-

sonic vibrator 13b its actuatod to relea:se dis-

solved 9lus into the upper apa<:le lSb ~t za.n aceei1er-

ated rate. 

After the o.l.eaninq solution 4 in the 

sealed tank 6a has been de aerated, the solenoid-op-

eratod va1v•e SV3, sva are closed, the solenoid-op-

erated valve8 SV5, SV7 are opened, and the three-

way 801enoid-operated val.V'e SVl is vented to ~tmo-

sphere. The cleaning solution 4 is now drawn out 

o~ the :scaled tank 6a by the circul.ation pump 10, 

and flows throu9h the supply co.nduito 12a, 12c and 

iiiiii 
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th• ci:rcu1ation conduit 9 ba.ck into the c1e.an.i.ng 

tank 2 from the inlet port Sb. 

When the cleaning aollltion 4 is removed 

~rom the sea1ed ta.nlt 6•, the 1.JOlenoid-op•rated 

va.1ves SV.5, SV7 a.ra c1osed, and the isoleno.id-ope.z:-

ated val.ve SV3 is opened to al1ow the cleanin9 so­

lution 4 to circulat• from the outlet port Sa to 

th• inlet port Sb. Upon completion of th• dea.erat-

ing process in the othe~ sealed tank 6b, . the vacuum 

pump 7& is· deactivated · the eolanoid-op•rated valve 

SV3 is c:l.osed, the solenoid-operated valves SV6, 

SV7 arQ open4!1d, and tbe three-way solenoid-operated 

valve SV2 is vented tQ atmoisphere. The dea~ra.ted 

cleaning solution 4 now rcaturns from the 3el!lled 

tank 6b to the cle•ning tank 2. 'rheJ:"eatter, th& 

"olenoid ... operated valves SV6, SV7 · are closed, .and 

the solenoid-operated valve SV3 ic opened, permit.-

tinq t.ha cleaning solution 4 to circulate ~rom . th9 

out let port 8 a to t.he inlet port Sb . 

In tho above embodiment, thlil cleaning so­

lution 4 ma.y be de1:tez-ated ·continuously or intermit­

tently depending on the amount of a g&& dioaolved 

in the cleaninq solution 4, :so that the ~ount of 

the dissolved qa.s may be controlled to achieve a 

concentration best ~uitGd to cavitate the cleaning 

80l.'1tion 4. The de8.&ratinq process may be a.utomat-

ic-.l.ly carried out by pi:ogramminq the operation or 

i11i1iU1fiUii 
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51nce the proceoo 0£ ult:-i:a,,onio'11l.11y al.ean.:i.nq work-

pieces can he continued while the cleaning solution 

\1ni;form1y. 'Hh:i.l.• on1y two ••a.1ed tank• 6a.",. 6b are 

j,J.l.uzsta:·ated in F:rG. l., moJ:O aea.1Gcl t.anks may be em-

ployod tor deaerating the cleaning solution 4 m.ore 

e~ticientl.y. 

l'IG. 2 ischematico.l.1y 11b.owa an ultrasonic 

cleani.nq appar·atul5 acc9rcU.ng to another em-

bodiment 0£ tha present invention. 

A.e ebown in E"IG. 2~ the ultra:soni.c;:; 

cleaning apparatus, generaily de~ignated. by tho 

refeX'Qnce numeral 21, nais an u1trasonith c;:l.ean-

inq tank 22a with an ultrasonic "Vibrator 23 mounted 

on its bottom. A workpiece to be cl.eaned. . is .tm-

me~eed in a cleaning solution 24 supplied to the 

cleaning t•nk 22a, and ultrasonic . enerqy 1.s ra-

diated ~roin tbe ultra~onic vibrator 23 into the 

cleaning eolution 24 to remove foreign matter or 

burrs off th• worlcpiace. The. ultrllsonic clean-

in9 appaJ:atus 21 employa tap water containing 10 % 

of a nonionic surface active agent detergent a8 the 

cl.eaning solution 4 

Tbe cleaning tank 22a has an out1et port 

2 Sa in its aide wall for die.charqing th• cleaning 

zsol\ltion 24 from the clGaninq tank 22a, and an in-



1oi:. port :ZSb :in ii:• .side wa.ll for 1Supplyinq th• . 

cleaning •o1ui:i.on 24 into t:he cle~nin9 tank 22a, 

the outlet and inlet ports 25a, 25b being posi­

tion•d !.n dil'lmetr.i.oa.1ly confrontinq ro1ationship to 

q.aoh o-l:heJ::". 1!'1ow :rectifyin9 uni to (not t1hown) are 

di•pos•d in the ra~peotive outlet and inlet ports 

25a, 2!5b .fox- prevontin9 air t.:rom. being tr.app•d in 

the olea.nina solution 24. 

An deaeJ:ating devico· 28 for deaeratinq the 

aleaninc; ao1uti.on . 24 before i.t is supplilild t.o the 

cleaninq tank 22& is dispo8ed. outside of the c:l.ean-

inC1 ~ank. 22a. Tht!I deaeJ:"atirtq device 2 8 i:r oon-

n•et:ed to t.ha out.let po.rt 25._ through a supply con-

·dui:t: 270. and aJ.uc> to the inl.et port 25b th~oug-b a 

•upply conduit 27b. 

ThQ •'1pply conduits 27a, 27b 

as a. circulation syotem which includes 

· 1ng d•vice 28. 

jointly serve 

the deaerat-

'.rhe deaerating device · 28 will be described 

in detail below "With referanao to l'!G. 3. FIG. 3 

flhow~ the deaerat:ing devioei 28 :i.n cross aeotion. 

Aa •hown J.c l'XG. l, tha d•.a.eratinq device 

28 has a "ealod tank 31 in the forra. of a pipe of 

SUS who~e opposite endo are hermet.io3.ll.y cl.osad. 

The suppl.y cond\11.t 27(l la c:oru:\ect.•d to an 1.lppar 

sj.de wa.1.1 o:r the -=tealed tank 31 £or s'1ppl.yinq the 

c.leaninq aolution 2 4, which ia to be doaerated, 
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3..nt:o tho ao .. 1Gd tank 31. A .suppl.y pump 32 is con-

naot.od ~n tha .supp1y conduit 27a.. The ouppl.y pump 

32 and the •upply conduit 27a jointly serve to in-

troduc• thn clfta.ninq solution 24, to be dee.ei:atod, 

tbrou.crh the euppl.y coJ\du.it 27a i.nto tbe saa1ed t~:rik 

31. 

The :i•aled tank 31 houBe• a. pl.urality of: 

axially opaced · partitions 34 which divide the int•-

rior space ot tha $ealed tank 31 into a ve~tical 

array of oha~era, ea.ch of the partit!.i.on:s 34 having­

a n\Url])er of small b.ol.es 33 de;fi:ned therein, · Tho 

partitions 3 4 eaerve to ~ncrease the area of con.tact 

b"'tveen i:.he cleanina solution 24 and the space in 

tho so..s1ed 1:21.nk 31. When the claaninq so1ution 24 

is introduced into the aoa1ed t~nk 31 through tbe 

.w:uppl.y conduit 27a by the supply pump 32, the 

c:1eani119' solution 24 fl.ow~ through th• smal.1 hol.os 

33 in the partitions 34 downwardly in thca aeaJ.ed 

tank 31. 

'I'he • •a1od tank 31. can be f!'vacuat411d by a 

di~aharg• pi.po 35 extandi.ng axial.ly through an up­

por •nd cap 3la of ~he ••a.lad tank 31 and the paz:-

· ti. tion:s 34 and hence vertically in the eealed tank 

31, and •n ejoct.o:i: 36 di.spo.sad outsid,e ot: the 

:tealed ~ank 31 and connectiod to thQ discbaro-e pipa 

35. The oj•otor 36 ••rvos to discharqe air from 

tho disch•r9e pipe 35, and has a valve (not sh·own) 

.•. · ... · ·';.; 

ili1ii1ITiim 
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vented t:o at:mospho~a. 

_ 'l'ho. di.•oh~u~go pipQ 35 ha.• a pl.ur•lity ot: 

holes 37 definad .in its pipe wall at alti~lly $paccad 

.:Lnt •rva.l. a • Th• discharge pi.pltl 35 also has a p1u-

ra1i.ty o~ covers 38 at:.1:achad ita outer aui:faae in 

ooveirinq relationship to the .respective hole8 37 

for preventing the dow:nw.-rdly flowinq cle•ninq Bo­

lution 24 ~rom bein_a drawn into the hol.ea 37. 

A :fi11er 3g is :filled in the aealed tank 

31 around ~he di.seharqe pipe 35 i.n spaces between 

the partitions 34. The- filler 39 i8 also effective 

b<> incn:•••• t.ho ar•• of oonta.ot hetween th111 c::l•an-

i.ng •olution 24 -.nd t:he space in the sealed tank 

31. 'I'ha f'il.lez: 39 m•y bo of •ny mat:..ar:i-al and 

structure intJofar a5 the c1eaning solution 24 can 

£1Qw along th• o\1r:faae o~ t::he f:i.l.laii:- 30. l'or ax.am-

pla, a ap:i.z:ally _wound net. of St1$ o.r plaistios .ie 

pJ:-tt:!erabl-o 01:11 :i.t. ia J..noxpenwi.ve · and any" oi1y -or bl.-

oloqiaal deposits can easily. be washed away for 

reuising tho fi11or 3 9. 

The isupp1y conduit 27b i:s conncc:tod to a 

1ower sido wa11 o~ tbe · :Jea1ed. tank 31 near the bot-

tom thereof. A su.pp1y pump 40 i:J connected in tho 

isupp1y conault 27b. Tbo. 15\lppl.y pump 40 o.nd the 

suppl.y condui.t 27b joint1y ~erve b1 clo1iver tho 

Cl•aera.ted c1ean1ng soiution 24 - through the aupply 

conduit 27b to the cleaning tank 222a. 
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A com.munica.t1on pJ.pe 41 interconnacti.ng 

upper and lowar ~pac::os i.n the ~fUILled tank 31 is 

di3posed outside of •nd axtends along tha sealed 

tank 31. Th11J ~upply 

tive1y int;o the upp•~ 

Qonduita 2.7a, 27b op•n 

o.nd lowo:i: apaces t.ha.t 

i:eapec­

a.r• in-

tarconnected by t:h1111 communication p.i.pe. 41. Th.o 

communication pipe 41 has two spaced level switches 

42a, 42b o:r tha elect:r:o~tatic caps.c:i.taneo type f?oi: 

detecting the so1ution 1eva1 :i.n the sealed tank 3l. 

with ~J.oata that vertically move in unison with the 

col.uti.on level in the sealed tank 31. 'l!heae level 

~ndtche:ii 42~, .42b a:z:e electrically connecte<1 t:o a 

deaeration controller. 43. The deaeration con-

trol1~n: 43 ie e1eetrica11y connected to the supply 

pumps 32, -4 o. When a predetarmi.ned upper limit po-

aition for tha solution l.evel in the · sealed tank 31 

is detected by the leval switch. 42a·, the deaeration 

controller 43 de activates the supply pump 32 and 

activates the supply pump 40 to di:!charge the 

doaerated c:loa.ning solution 24 :from the seal.ad tank 

31 and supply it through the supply conduit 27b to 

the cl.•aninq stank 22a. · When a predet9rmined low 

limit position :for the sol.ution level in the e-ealed 

tank 31 is deteoted by the levGl. switch 42b, the 

deaoration controller 43 rleactivates th• supply 

pump 40 and activates the 3upply pump 32 to intro­

duce the cl.eaning solution 24, to be d•a.orated, 
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into th• ot>al.ed tank 31. 
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An ult:r'!loonio vibi:~tor 44 .i.s •ttaohcad. i:o 

an upper wa1l. i:surfa.ce 0£ the .sealed tank 31 for 

el.:lro.!.nating bubb1•s which may be produced when a 

dissol.vod 9•• .:le di.scha.xgad particularly .if the 

cleaning •ol.u.t.ion 24 oont•in.4 a · detergent 8Uch aa a 

surface activ• agent. 

A., ohovn 1.n Ji'J:Q. 2, a. roacu·ve tank 22b i.a 

posit:i.oned. Clld.jacen-t. to th• ~l.•a.ning t•nk 22a fo:t' 

receiving e.n ¢vtu~£1ow 01! c1o~rd.ng solution from the 

cl.eaning tank 22a when • workpiece is immersed in 

tlie c1eaning :!Olution 24 in the cl.e~n.i.nq tank 220.. 

oi.scnarqe conduits 29•, 29b zu:e connected to t.h• 

bottoms, respeotivel.y, o~ the cleaning tank 22a •nd. 

the reserve tank 22b. The discharge conduits 29a.,. 

29b axe connoct•d to the suppl.y conduit "2.7& up­

stream o-J! the supp1y pump 32. 

The conduits 27a, 27b, 29a, 29]') have :fl.ow 

reigulati.n9 . val. vett for i:equlating the rates ot the 

cleaning rsolution 24 flowing therethrough, 

Ope:z:oat.ion of the ultrasonic cleaning 

apparatus 21 will be desci:ibed bel.ow. 

'l'he cleaeratad cleaning oolution 24· iis 

filled in the cl.eaninq tank 22a, a.nd the ult~a'5onic 

vibrator 23 is :actuatad to remove :foreiqn matter or 

burr" from a workpiace which ie . immersed in the 

cleaning solution 24 in the cleaning tank 22a. 
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Sino• r•peti.tion of tho c:J.gani.ng- procass. resul.ts in 

o.n i.nox-oacro in the amount of d!e.uolvocl ga• i.n ebe 

c1ea.ninq soluti.on 24, tho e1eaninq solution 24 is 

aupp1:i.4111d th:couqh t:ho •'2pp1y conduit 27a to th• 

••a.lead tank 31 by th• supp1y pump .32. A~ter the 

'=l.Cllaning •olut:i.on 24 has been de&eratad in the 

8ealcad t~nk 32, it is diechargad froiu th• soaled 

t.ank 32 by tho •uppl.y pump 4 0, and ret.urnod through 

the l!luppl.y conduit. 27b 1:0 tho oieaninq tank ~!2•. 

Tho deatn:ating d.evioe 28 dea.o:r:at.es the 

cleaning eolution 24 as follows: 

'l'he cleani.nq .sol.i.it.:i.on 24 drawn £rom t.he 

cieaning tank 22• io introduo~d into the •••l•d 

·tank 31 through the supply cond\1it;. 27a by th• sup-

ply pump 32. At this tima, the sealed tank 31 has 

l:>oen evacuatcad. through the d.J.scharge pi.pe 3!5 by the 

ejector 36. I:nasmuch as the discharge pip~ 35 ex.-

tends ·vertically and the holes 33 az:e da~ined .in 

it~ wall, th• so a.led ta.nk 31 may be evaa'Ua.ted uni­

formly to ~ pres.sure level of about - 650 mmllq. 

Th• cleaning solution 24 supplied to the 

sealed tank 31 :-lows downwardl.y while beinq expozuJd 

to the evacuatod space in thei sealed tank 31. 

itJ rel.ea:!Jed from the Th•re~ore, any dissolved gas 

cleaning aolution 24 wh.i.le it 

throu9h the diachu:g-e pipe 35. 

is flowing downwardly 

The partitions 34 in tho eea1ed ta.ck 31 
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J\.e ehown in v:cc;, 4, th• ama.ll ho1o• 33 ar9 

defined in daoh o-£ the partition" 34 a.round the 

dioohaz:qa pipo 3!. 

po:••d. by th• am.a.l.1 bolo• 33 whi.l.o fl.o..,ing dovn tha 

sea.led till.nk 31. The cle-.ning Golution 24 is thu.:1 

exposed to t:h• apaoo in the •••1•d tank 31 through 

a l.ar9e *X-Ga of oontao~, and tho di.aaolv-.ad qa• can · 

24 - Inasmuch •• tho cleaninq solution 24 also 

tween th• pzu;-titio:n.aJ 34, the clea.n:ing oo1uti.on 2-4 

is ~u:thei= exposed tQ the space in ther aealttd. .ta.nk 

31 through an inoreaised area. of contact. The 

cleani.n<; tJQl.Uti.on 24 is ~xposed to thG space iP the 

tsealod. tank fo:r a longer period of time than would 

be if it were not for the fil.lcr 39. con:sequentl.y, 

the dissolved ga~ is discharqiaid from the cl•aning 

solution 24 at an accelt.u:ated rate with a high 

doaGration ef£icienoy. 

The cleaning solution 2 4 flowing down tba 

fi1ler 39 is dispersed by the small hoJ.es 33 each 

time it roaches one of thtt partitions 34. '.rhe 

cleaning solution 24 in; thu8 prevented from being 

loca.l:\zed in the :sealed tank 31 uo that the diis-

solved qas can· be x-el~ut.sed from the oleanin9 .eolu-

i1iiiiITf 
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ti.on 24 high1y •ffici.•nt:.ly. 
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!I.'he axially spaced 

p"-rt.iti.on• 34 i.n tha aaa.1ed t&nk 31 also ~uu:ve to 

sti:ffcan the 6e1'.led tank 31. According-ly, even when 

the .11aalad tank 31 i3 evacuated, the eealed tank 31 

Th~ hole" 37 in the di.scharget pipe 35 con­

front the fill•~ 39, and miqht draw in tha cleanin9 

so1utioo 24 uhich flowo down the fil.le~ 39. 

Howeva:r:, t.he aleaninq solution · 24 is px-evented from 

being drawn into the discharqe pipe 35 by the cov-. 

ero 38 which cover the boles 37. 

The covers 38 will. be de,,cribed in more 

detail with reference to FIG. 5. 

Ais illustrated in J'IG. S, the covers .38 

a:re attached ~t upper •nds theraof to the discharge 

pipe 35 and extend downwardly in overhanging rol.a­

tionehip to the hole a· 37, l•aving gapa 37a between 

the discharge pipe 35 and th• lower ends ·of the 

covers 38 . The gas in the .soaled tank 31 is drawn 

.into the disoha.rqe pipe 35 through the gape 37a, 

wh•rf!uas th• clean.i.nq ao1ution 24 which fl-ows down­

w•rdly is pravented by the covers 38 · from bein9 

drawn into the discharge pipe :35. 

The cleaning solution 24 thus d'laerated io 

.accumulated .in the 8ea1ed tank 31, and i.ts l•vel 

gradually increaCJolS as more cleaning 150lution 24 is 

When tho level of the cl$aninq sol'1tion 
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24 i.ncraase.15 in tha sealed tank 31, it ent()r" the 

discha:rqe pipe 35·, }Jut is not drawn by the caject<:>r 

36. 

Sine• the cleaninq solution 24 contains a 

our:face aci;ive -.g.ont, it ia bubbl.ed violently a.e 

the diasolvod gas is di1:u:ha.rg•d, and :bubbles till 

up th" •aalod tank 31. Sinoo these bubbles will. 

not •aai1y be eli.minated automaticall.y, they wil.l 

movo upwardly a:ii the level of the cl.eaninq 1JOlution 

24 qoeis upwardly, and might eventu3lly be drawn 

into the ejector 36. However, the bubbleo can be 

eliminated by the ultrasonic energy radiated from 

· the ultrasonic vibrator 44 mounted on the· upper in­

ne:r wall isur:h.oe of the sealed ta.nk 31. 

When the level of the ~ccumulsted c1aaning 

GOlution 24 in the sealed tank 31 raaches ~ prede­

termined upper limit position, the level owitc:h 42a 

in the communication pipe 41 sends a detected 3ig-

nal to the daaeration controller 43. In response 

to th• detected aiqnal from the level JS1'itch 42a, 

the d•aera.tion controller 43 deactivates the supply 

pipo 32 and actuate.111 the aupply pump 4 0. As a re-

su.1t, the deaerated cleaninq solution 24 that i:s 

~ccumulated in the rJealed tank 31 is supplied 

tbrouqh tho supply conduit 27b to the cleaninq tank 

22a by the nupp1y pump 40. 

When tha deaeratod cleaning solution 24 i:s 
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thua •uppl.:i.ad to tho cl.o:a.n.i.ng t:a.nk 22.a., the. 16vB1 

0£ the <ll1«u11.ning aol.ut:.ion 24 i.n tho ~ea.led tank 31 

descends and z:•ach•ts a predetermined l.o'W"el: lisnit 

positi.o.n. Thenr th• 1nve1 .svitch 42b aen.ds a. de-

t.aoi:od *::i..gnal 1:.o thr;a dea~r.11.t.ion cont.roll.e:r 43, 

which e.top.es tha supp1y pump 40 and activates the 

supp.ly pump 32 • The el.eaninq solution 24, to ba 

cl•o.•i:-at:od, is now int:i:oduC!Qd int:o tho .sea.lad tank 

31 through t:ha •uppl.y oondui.t. 27a, .and th• dAaer-

o.ted cle.-.ni.n9 aol.\1.t.i(ui 24 et.ai:-t.• b.Qi.ng aco\unul.at.od 

in the e•aled tank 31. 

Conaeq\119tnt1y, each time a ce:z:i:a:i.:n amount 

o~ dezuu:at~d a1eaninq solution 24 i.a •oou.m.u1ated in 

the seal.ad tank 31, it ia ·a1,1tomatieally :suppl~•cl to 

the cleaninq tank 22a. _When the suppi.y of the 

(leaerated c1aa.n1nq solution 2 4 to tb.e c1ean:1.ng tank 

22a ia :finished, the deaerated cle~ning solution 24 

automatiaal1y .starts to be accumulated 1.n tb.e 

sealed tank 31. The level of the cleaning sol.ution 

24 in the 8ealed tank 31 is thus prevented f'rom 

r:i.sing exc&ooively into the ejector 36. 'rh• deaer-

ated cleaning sol.ution 24 can also be supplied ef­

ti ciently to the cleaning tank 22a. 

In this embodiment, only one dea•ratin<; 

device 2 8 ie connected to the clea.ni?lg tank 22a. 

However, a plurality 01! de.a.era.ting devicea. 28 may 

be connected parallel to each other, and may be ac-
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tuated one a.fte2: anothor to supply the deao.rated 

cleaning oolution 24 . \lninterruptedl.y to the clean­

in9 tank 22a.. 

ll'IG. 6 1Shows • modification of the deaer­

atinq dQvico 28. 

Xn l'IG. 6, a. debubblinq tank 45 io: . con­

nected between the di8chisrgo pipe 35 in the 1H11al.ed 

tank 31 and th& ej•etor 36. ~he debubblinq tan1' 4 .5 

hou1:.100 a si.1icon•-base solid debubblizer ('ONFALL 

M'l'-9, manufactured by Daiichi Seiyaku Co. , Ltd. ) 

which i• eha.ped not to obstruct the passage of a 

gas through the deb1.lbbli~9 tank 45. Even if bUb-

bleo p~oduced whan the di_saolved 9us is relaaiu1d 

from th• cleanin9 aolut.ion 24 are drawn f~o.m the 

diacha~9e pip• 35 toward t.he ejector 36, they are 

·eliminated by contact with the eolid debubblizer in 

thtt debubb1ing tan)t 4.5, and hence prevent&d :from 

being drawn into the ejector 3G. Th~ ultr~isonic 

vibrator 44 1'hown in FIG. 3 is. dispen~ed with, b'1t 

m~y be d3.opol!led in tha uppa:r 1:.1pace in the seoled 

tank 31. The other structural. details of the modi-

fied deaertlting device shown in i'IG. 6 are the same 

as the doa.erating device 28 ahown in FIG. 3. 

Although certain preferred embodiment9 of 

tha present inventi.on have boen ahown and described. 

in det•i1, it should be under~tood that va.riouo 

changes and modification" may be made therei~ w1th-
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1. An apparatus for ultrasonically cleaning a 
workpiece, comprising: 

a cleaning tank for storing a cleaning solution 
therein, said cleaning tank having an ultrasonic 
vibrator disposed therein for radiating ultrasonic 
energy into the cleaning solution to remove foreign 
matter, burrs or the like off a workpiece immersed in 
the cleaning solution; and 

deaerating means connected to said cleaning tank 
for supplying a deaerated cleaning solution to said 
cleaning tank, said deaerating means comprising a sealed 
tank for being supplied with the cleaning solution from 
said cleaning tank, and evacuating means for evacuating 
said sealed tank to release dissolved gas from the 
cleaning solution supplied to said sealed tank and 
exposed to an evacuated space in said sealed tan~. 

2. An apparatus according to claim 1, wherein said 
evacuating means is connected to an upper portion of 
said sealed tank, further comprising means for supplying 
the cleaning solution to said sealed tank through a 
bottom thereof, whereby the cleaning solution is exposed 
to the evacuated space in. the upper portion of said 
sealed tank. 

3. An apparatus according to claim 2, wherein said 
deaerating means comprises an ultrasonic vibrator 
mounted on the bottom of the sealed tank for radiating 
ultrasonic energy into the cleaning solution in said 
sealed tank. 

4. An apparatus according to claim 3, wherein said 
ultrasonic vibrator radiates ultrasonic energy having a 
frequ~ncy iti the range from 25 kHz to 1.9 MHz. 
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5. An apparatus according to claim 1, wherein said 
deaeratirtg means comprises means for introducing the 
cleaning solution downwardly into said sealed tank from 
an upper portion thereof, whereby the cleaning solution 
is exposed to the evacuated space in said sealed tank 
while flowing downwardly through said sealed tank. 

6. An apparatus according to claim 5, wherein said 
evacuating means comprises a discharge pipe extending 
vertically in said sealed tank and having a plurality of 
holes defined in a wall thereof, and means disposed 
outside of said sealed tank and connected to said 
discharge pipe, for discharging air from said sealed 
tank, said discharge pipe having means for preventing 
the cleaning solution from being drawn into said 
discharge pipe through said holes. 

7. An apparatus according to claim 6, wherein said 
means for preventing the cleaning solution from peing 
drawn in comprises covers attached to said discharge 
pipe in overhanging relationship to said holes, 
respectively. 

8. An apparatus according to any of claims 5 to 7, 
wherein said evacuating means includes means in said 
sealed tank for exposing the cleaning solution which is 
introduced downwardly into said sealed tank to the 
evacuated space therein through an increased area of 
contact. 

9. An apparatus according to claim 8, wherein said 
means in said sealed tank for exposing the cleaning 
solution to an increased contact area comprises a 
plurality of vertically spaced partitions dividing the 
space in the sealed tank into a plurality of chambers, 
each of said partitions having a plurality of small 
holes. 
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10. An apparatus according to claim 8 or 9, wherein 

said means in said sealed tank for exposing the cleaning 

solution to an increased contact area comprises a filler 

for allowing the cleaning solution to flow on a surface 

thereof. 

11. An apparatus according to claim 8, wherein said 

means in said sealed tank for exposing the cleaning 

solution comprises a plurality of vertically spaced 

partitions dividing the space in the sealed tank into a 

plurality of chambers, each of said partitions having a 

plurality of small holes, and a filler disposed in said 

chambers for allowing the cleaning solution to flow on a 

surface thereof. 

12. An apparatus according to any preceding claim, 

wherein said cleaning tank has an outlet port for 

discharging the cleaning solution from the cleaning tank 

and an inlet port for supplying the cleaning solution 

into the cleaning tank, further comprising circulating 

means for circulating the cleaning solution from said 

outlet port to said inlet port, said deaerating means 

being connected in said circulating means. 

13. An apparatus according to any preceding claim, 

wherein said deaerating means includes debubbling means 

for eliminating bubbles produced in sqid sealed tank 

when the dissolved gas is released from said cleaning 

solution, said debubbling means being positioned in a 

portion of said sealed tank where said bubbles are 

produced. 

14. An apparatus according to_ any one of the preceding 

claims, wherein said evacuating means comprises means 

for discharging air from said sealed tank to evacuate 

the sealed tank. 



T --HIS SHEET H;s---
R.EPLA BEEN I 

C.ED I 
- 38 -

15. An apparatus according to claim 14, wherein said 

deaerating means comprises debubbling means for 

eliminating bubbles produced in said sealed tank when 

the dissolved gas is released from said cleaning 

solution, said debubbling means being connected between 

said sealed tank and said means for discharging air. 

16. A deaerating arrangement for use in apparatus for 

ultrasonically cleaning a workpiece, said· deaerating 

means comprising/a sealed tank for being supplied with 
. / 

the cleaning ~elution from said cleaning tanJs.;/' and 

.·· .. 

evacuating means for evacuating said sealed tank to 

release dissolved gas from the cleaning .so.l.:µ1;j,qn 

supplied to said sealed tank and exposed to an evacuated 

space in said sealed tank. 

r 
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