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ULTRASONIC CLEANING APPARATUS

The presant invehtion relates to an appa-
ratua for ultrasonically cleaning a workpiece, and
nore ‘particglarly to an ultrasénically cleaning ap-
paratus having an ultrasoni¢ vibrator mounted on -
the bottom of a c¢leaning tank for radiating an ul-
trasonic energy into a clear‘iing 3oldti§n supplied
to the cleaning tank to remove foreign matter oxr
bures off a workpiece immersaed in the cleaning so-
lution. Mora specifically, the pi:asent_ invantion
is concerned with an ultramonically claaning appa-
ratus having a deaerating device for deserating -a
cleaning solution to supply a deaerated cleaning

solution to a cleaning tank.

Hexeatofore, there are known ult‘:asonically
cleaning apparatus having a oleaning tank with an
ultrasonic vibrator mountaed on its bottom. After
the aleaning t-tnk has been supplied with a cleaning
solution, ultrasonic enargy is radiated from the
ultrasonia vibrator into the wultrasonic solution to
éloun a ‘workpiece immorsed in the c'leaning solu-
tion. HWhon ultrasonic anergy is radiated-' from

the ultrasonic vibrator inte the cleaning polution,
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the aleaning solution is cavitated, and tha work-
piece in exposad to shock waves or microjets th#t
.are produced when the caviﬁation is céllapaed.
Foreign mattor or burys can ba removad. from the
workpiece by thosma shack waves oz micro.jats. For
aﬁficionﬁly aleaning workpiecesx, it is necassaxy to
provide conditions which faclilitate thea generation
. of the oavitation in the cleaning solution. It is
known +that tha aleaning solutien can bhe cavitated
" more amaily if the aonaentration of a gas dissolved
in the cleaning solution is lower. If the concen-
tration of a gas dissolved in the cleoaning aolution
is too high, then the diszolvead gas is convazted
intc bubbles by the ultrasonic energy radiakted by
the wultrasonic vibrator, and the cleaning solution
is= ieua cavitated as the ultrasonic enexgy ia ab-
sorbed by the bubbles,

| It is important, thexefore, to control the
amount of a gas dissolved in the cleaning solution,
There have bean proposed ‘varicus deaerating devices
for supplying a deaerated cleaning solution to the
cleaning tank. Ona known deaerating device has a
boiling tank for boiling the éleaning solution to
release any dissolved gas from the cleaning solu-
tion, In another conventional deaaerating device, a
high-tempexature layer is produced 'in a deaerated

cleaning solution in the wvicinity of its surface in
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the olaxning tank, thus ganaerating a low~tenpara-
tuwxe layaeaxr below thea high-temperatuxe layer.
Because airxr is disaolved into the cleaning .aolution
at diffaerent rates at different solution tempera-
tuxaes, ‘tha high-temperature layer ia .effective to
prevent aix £rom being dissalwved intec the cleaning
a:olution, thereby keaeping the cleaning solution
donesratad in thae low-tomporaturo' layer. 8till an-
othar prior deaarating device bas a hollow fibrous
gas aeparating membrane module. While a <laeaning
solution is flowing through the hollow £ibrous mem-
branes, ¢the pressure outside the hollow £ibroua |
membranes is lowerwd to draw any diéaolvnd gas Lrom
the cleaning solution out .cr the hollow fibrous
membranes, thus deazerating the. cleaning solution.

However, the known deaerating devices asuf-
fer wvarious problems.

Spacifically, the deasrating device with
the boiling tank is relatively large in size and
takes a long period of tima to deaerate the clean-—
ing solution. This type of deaerating device is
oot practicni as the deaerating accuracy is not
high.

The deaerating device which formas high-
and low-temperature layers in the cleaning solution
is not suitable for usae with clauning solutions

that contain a solvent of low boiling point because
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of the high-temperaturxe layer that muat be qonof-
onted.

The deaerating device with the gaa sepa-
rating membrane module is’ disadvantagecus in that
the hollow <fibrouas menbranes ara expensive and open
to attack by coextain solvents such as highaex alco-
holal- Timx:efore, the deaerating device of this
typa can use only 2a lil.n!.ted range of cleaning solu-
tions.. Furthermore, the effectiveness of the hol-~
low tibﬁous membranes is lowered quickly when oily
substances are attachad to the hollow <fibxrous mem-
branea or biological mambranes -are deposited

thereon due to the growth of microorganisms.

It is an object of some embodiments
to provide an ultrasonic cleaning apparatus
with a desmerating device that may be relatively small
in siza, Anexpensive, MY be usged with various dif-
!:‘e.rnt cleaning soluticons, andmay denarate a
cleaning solutlon accurai:ely within a shoxt period'

of time,

According to the present invention there is provided an

apparatus for ultrasonically cleaning a workplece,
comprising a cleaning tank for storing a cleaning
solution tharein, the c¢leaning tank having an ul-

trasonic vibrator disposed therein for
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radiating ultrasondic enexgy 4into tha oleaning

gsolution to remova forelilgn muhtor’ burrs or the like off a
. workpiece Aimmergad in the c¢leaning snolution, and
decaxating moans oonnoctmd to the ecleaning tank for
aupplying a domaratad oleaning solution to tha
cleaaning tank,; the dezerating maans comprising a
saaled tank for being supplied with the cleaning
solution from the cleaning tank, and avacuating
maeans for evacuating the sealad tank to release
dissolved gas from tha cleaning aolution asupplied
to the aealad tank and exposaed to an aevacuated

space in the sealed tank,

Preferably the vibrator is arranged on or adjacent

the bottom of the cleaning tank. This Sheet Has Been Replaced
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When the c¢leaning solution introduced into

the sealed tank is brought 4into contact with the
evacuated space in the saaled tank, the dissolved
gas is released from the cleaning molution, l.e.,
the cleaning solution ié deaarated, Accordingly,
the cleaning aoluﬁion can be deaerated bhighly accu-~
rately in a short period of time without using an
axpensive gas separating membrane module, and the
ultraasonic cleaning apparatus may be relatively
small in size,. The u_ltrasonically cleaning appara-
tus may use any clca.ni_nq solution as it has noc gas
separating mgmbrane module and it does not genexate
a high-temparature layer i.h the cleaniné .solution.
The .deae-ratihg meansa may include means for

discharging air from the sealed tank to avacuzate
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thae sealed tank. Such means may comprisa a wvacuum
rump oxr an ejaeator with a wvalve wvented to atmo-
sphera, for axanmpla.

The evacuating meana may be connected to
an upper portion of the sealed tank, and the appa-
ratus may further include means for auppls}ing the
cleaning solution to the sealed tank through a bot-
tom thaxeof, wharaby tha oclaaning solution is ex-
posed to the avacuated space .in. thea upﬁer poxtion
of the sealad tank. As the ¢leaning solution is
introduced into and accumulatad in i'.he sealed tank,
the space in the upper portion of the smealed tank
is reduced, and then evacusted by the <vaouating
means connacted te the upper portion of the szealed
tank. Therefora, a high vacpum can be developad in
a shoxrt period of time, causing the dissolved gas
to be easily released from the cleaning solution
into thae space in the upper portion of the sealad
tank.

The deae:.at:l.ng means may Linclude an ultra-
sonia wvibrator mounted on tha bottom of the sealed
tank for zadiating ultrasonic enexgy into the
cleaning asolution in the sealed tank.l The ultra-
sonic. energy radiated £rom the wultrasonic vibzator
into the «¢leaning solution accelerataes the release
of the dissolved gas from the cleaning solution.

The ultrasonic energy radiated by the ultrasonic
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vibrator has a £requency which may ranga from 25
kEx to 1.9 MHa, prafecxably from 1.0 MHz to 1.9 MHz,
If the frequency of the ultrasonic anergy is lower
than 25 kHz, then it produces an uncomfortable
noixe, Any ultrasonic vibrator capable of radiat-
ing an ultrascnic energy at a £requancy higher than
1.9 MHz is not available at present.

Tha deaerating means may introduce the
cleaninq_solution downwardly inte the sealed i:ank
from an uppaer portion thereof, 'wherehy the c¢leaning
solution ias exposed to the evacuated space in the
saaled ¢tank while flowing downwardly through the
waslad +tank. #Whila tha cleaning solution is flow-
ing £from the upper portion of the sealad tank down-
wardly through the sealed tank, the cleaning solu-
tion is aexposad to the evacuated spacea in the
saaled tank through an increased area of contact,
Thexefora, any dissolved gas can easily be dis-
charged from the cleaning scolution.

The evacuating means may include a dis-
chaxge pipe extending verkically in the sealed tank
and having a plurality of holas dafined in a wall
thereof, and means disposed outside of tha sealed
tank ond oconneoted to the dischaxga p.ipa, for dis-
chaxging air £rom the sealaed "tank, tha discharge
pipe having means for prevanting the aleaning aolu-

tion from being drawn into the discharge pipe
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through tha holas. Tha evacuating means can uni-
formly avacuate tha asealed tank by discharging air
from- the sealed tank, and the cleaning aolution
flows downwardly through the sealad tank without
bain§ drawn by the ‘evacuating means.

The means Zfor preventing the cleaning so-
lution from being drawn into the discharge pipe may
comprise covexrs attached to thé discharge pipe in
overhanging xelationship to the holes, raspac-
tively. 8ince  the cleaning solution £lows along
the coversa, it is effactively pravented from being
drawn into the avacuiting means. Air in tha sealed
‘pipe is drawn into the holes through gaps defined
betwaeean the discharge pipe and distal ends of the
covars. Therefore, thea coveras do not obstruct the
discharge of air from tha sealed tank.

The avacuating means may include means .in
the sealed tank for exposing the cleaning solution
which is Introduced downwardly into the sealed tank
to the evacuated space therein through an increased
ares of contact. Since the cleaning aolution is
axposed to the evaguated space through an incraeaased
axea of contact, the cleaning saolution c¢an be
deaesrataed highly afficiently.

The means in the sealed tank for exposing
the cleaning solution to the evacuated apaca may

comprise a plurality of wvartically spaced paxti-
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tions dividing the space 1in the asscaled tank intoe a
pPlurality of chambers, aeach ;>£ the partitiona hav-
ing a plurality of small holes. Upon downward £low
of the oclaaning sasoclution 4in thn. sealed tank, thae
csleaning solutién is disparsed each tima it xeaches
ona of thaea partitions, and hence is exposad to the
space in the asealed tank through an increased area .
¢£. contactkt.

The means i.n tha sloalcd tank £or exposing
the cleaning solutien to tha avacuated sapacea may
also comprisa a filler for allowing the cleaning
solution to £low on a surface theraof, While thae
cleaning aoclution 4ia f£flowing downwaxdly aleng the
surface of tha £iller in the nsealed tank, tha
cleaning solution is exposed to the space in the
sealed tank thxough an incremsaed area of aontact.
With the filler used, the cleaning solution remains
axposed to the bspace in the secled tank for a pe-
riod of time 1onger.'than if it were dispersed only
by the small holes in tha partitions, Thuo, +¢the
claaning solution can be deaexated highly effi-
clently. The £iller may preferably be in the form
of a spirally wound net of SUS ox plastic as it is
inexpensive ana any o'il.y or bilological depoasits oan
aasily be washed away for reusing the filler.

The means in the sealed tank for wexposing

the cleaning asolution to the evacuated space may
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comprisea both a plurality of vartically spaced par-
titions dividing the space in the =ocaled tank into
a plurality of chambers, each of the partitions
having a plurality of =msmall holes, and a £filler
disposad in the chambers for allowing the cleaning
solution to flow on a suxface thereof, Both the
partitions and the filler djointly operaf;n to expose
the cleaning a=solution to. the avacuated apace in the
sealed tank through an increased area of contact,
The aspaced partitions in the sealed tank also serve
to stiffen the sealed tank, Accordingly, even whan
the sq:..'ud tank is evacuated, the sealed tank 1s
protectad from deformation,

The cleaning tank has an outlet port for
diaschaxrging the cleaning solution from the cleaning
tank and an inlet port for s=upplying the cleaniﬁg
solution Ainto the ocleaning tank, further including
clraoulating means for circulating the cleaning so-
iution f£rom the outlet port to the inlet poxt, the
deaerating means being connectad in the circuiating
means, 8ince tha cleaning solution 4is c¢irculated
for deaaration, the cleaning solution can be reused
and haenca may be coxxsuméﬁ in -a. ralatively small
amount .,

The déagrating means may include  debub-
bling means for eliminating bubbles produced in the

sealed tank when the dissolved gas 1s released from

This Sheet Has Been Replaced

TN




~11-

tha oleaning solution, tha dabubbling means being
poeoitionaed i;n a portion of the sealad tank where
the bubblaes are produced. 8ince tha bubbl_ms are
aliminatad in thae sealed tank, they are praeventad
from being drawn 4into the evacuating mearis. The
debubbling means may comprise an ultrasonic vibra-
tor diaposed in an upper portion of the sealed tank
for apply.inq an ultrasonic energy to the buﬁbleo
producaed from the ¢laeaning solution.

The debubbling means may be connected be-
twaen the sealad tank and the means for discharging
air, With such an arrangement, inasmuch as the
bubbles are eliminated beforxre they reach the evacu-
ating means, they are prevented from being drawn
into the evacuating means, The debubbling means
may comprise solid dabubblirzer which can eliminate
the bubbles upon contact therewith, the solid de-
bubblizer baing shaped not to obstruct the passage
. of a gas thaerethrough. Tha solid debubblizer may

ba a sasilicone~base solid dabubblizer.

Embodiments of the invention will now be described by way of

example and with reference to the accompanying drawings in
which:-

eet Has Been Replaced

T



THIS SHEET HAS BELN.T'

_12_ I{EDLA"‘ED

FIG. 1 is a schematic view of an uitrason—
io. cleaning apparatus accoxding to an ambodi-
ment o©of the presant :L.nvention;.

. FIG, 2 i.-.a schamatio viaew of an ultrason-
lo: cleaning apparatus according to another enm-~
bodimant of the present invention;

FIG. 3 is =& croqa-seéticnal view of a
deaarating devicae of tha ulkrasonic cleaning
apparatus shown 4in FIG. 2;

FIG, 4 is a crosa-sectional wviaew taken
along line IV - IV of ¥IG. 3;

FIG. 5 i=s ax.x'enlaxgnd fragmentary eleva-—
tional view of a structure for preventing a clean-
ing solution from baing dxawn; and

FIG, € is a cross-sactionzl view of :a mod-
ification of the deaerating device of the ultrason-

ie ¢leaning apparatus shown in FIG. 2.

As shown in FIG. 1, an ultrascnic
cleaning apparatus, generally designated by the
reference numeral 1, according to an embodiment of
the present invention has an ultrasonlc clean-
ing tank 2 with an ultrasonic iribrator 3 mounted on
its bottom. A workpiece to be cleaned ia immersed
in a cleaning solution 4 supplied to the cleaning
tank 2, and ultrasonic energy ia radi..ated from
the ultrasonic vibrator 3 into the cleaning solu-

I
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tion 4 to ramove forelgn matter or burrs off the
wvorkpioeca.

A deaerating device 5 for deaerating the
cleaning solution 4 before it is supplied to the
cleaning tank 2 4is disposod coutsida of the cl_oaninq
tank 2, Tha deaerating device 5 comprises sealad
tanks 6a, 6b for hermetically sealingly storing the
cleaning aolution 4, and an evacuating unit 7 for
svacuating the aealing tanks 6a, 6b, The evacuat-
ing unit 7 has a vacuum pump 7a for drawing air
from the sealing tanks 6a, 6b to avacuate them, and
two thresa-way sclenoid-oparated valves S8SvV1, sv2
-t'hrough which the vacuun pump Ta is connected to
uppar ends of the sealing tanks 6a, 6b,

The cleaning tank 2 has an cutlet pozt 8a
1.n its side wall for discharging the cleaning solu-
tion 4 from the cleaning tank 2, and an 4inlet port
8b in its side wall for supplying the cleaning so-.
lution 4 into the cleaning tank 2, the outlet and
inlet ports 8a, 8b being positioned in diametri-
cally confronting ralationéhip to each other. The
ocutlet and inlet ports Ba, 8b are connectad to each
othar through a eirculation condult 9. The circu-
lation conduit 9 has a circulation pump 10 for_- cir-
culating the c¢leaning solution 4 from tha outlet
poxt 8a to the inlat bort 8b, and a filter 11 dis-

posed downstream of the circulation pump 10 for

I —
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filtaering out foxeign matter oxr burrs from the
cleaning solution 4. The ecirxculation conduit 9
also has a aoclencid-operated valva 8V3 disposed up-
stream of the circulation pump 10 and a solenoid-
operated wvalve 8V4Q disposed downstréam of tha £il-
ter 11. Flow rectifying units (not shown) are dis-
posad in the respectivae outlet and inlet porte.s 8a,
8b for preventing air f£fzom being trapped in thae
cleaning solution 4,

Supply conduits 12a, 12b for introducing
the cleaning solutlion 4 into the sealed tanks 6a,
6b aze connacted ta the boi".toms of the sealed tanks
6a, 6b, respectivaly, throﬁqh respective solaeanoid-
operated wvalvaes 8VS5, 8V6. The supply conduits 12a,
12b are joined into a single supply conduit 12 up-
stream of the sealing tanks 6a, 6D, The asupply
conduit 12 is divided inte two conduits 12c, 12d
upatxesam of thae supply conduits 12a, 12b, The con~-
duit 12c is connected through a solencid-operatad
valve 8V7 to the circulation conduit 9 at a posi-
tion batween the circula.ti.on punp 10 and the
solenoid-operated valve SV3. The coﬁduit 124 is
¢onnected through a solencid-operated valve SVB teo
the circulation conduit 9 at a position between thae
filter 11 and the solenocid-operated valve 8V4.

Ultrasonic vibrators 133, 13b are mounted
on the respective bottoms of the sealing tanks 6a,

\
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fb fox zxadianting ultresonia energy inte the
cleaning osolutien 4 in the csealing tanks 6a, 6b,
A reserve tank 14 is positioned adjacent

to the o¢leaning tank 2 forx recelving an ovarflow of

oleaning solution #xom the €leaning tzank 2 and’
storing a resarve aleaning solution 4. The reserve
t.ank 14 houses a heater 15 for keeping the cleaning
mnolution 4 at a conatant tomperatura. The voluma
©f the reserve tank 14 is greatexr than the sum of
tha volumes of the asealed tanks 6a, Gh.n. Tha rea-
serve tank 14 is connected to the circulation con-
duit ® thzough a conduit 16 joined te tha boktem of
the reserve tank 14. The -cleani.ng ta-nk 2 is con-
.nacted to the circulation conduit 9 through a con-—
duit 17 Jjoined to the bottom of the cleaning tank
14. |

The ultrasonic cleaning apparatus
shown in FIG, 1 operates as follows: |

Firat, the cleaning tank 2 is filled with
the cleaning solution 4 which is deaerated, and
then the circulation pump 10 is actuated to circu-
iate the cleaning solution 4 from the outlet port
8a to the inlet port 8b, At the same time, the wul-
trasonic vibrator 3 is energized to radiate ul-
txasonic energy into the oleaning solution 4, A
workpiece with foreign matter or burra attached to

its surface is immeraed in the deaerated cleaning

_\
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solution 4 4in thae cloaning tank 2, The foraign
mnattear or burrs attachad to the workpieca are now
removed by cavitation which ia generatad in the
cleaning solution by the ultrasonic energy radiated
from tha ultrasonic vibrator 3.

After the workpiace has bheen cleaned, it
is lifted out of the cleaning solution 4, and then
anothexr workpiece to be cleaned is immersed in tha
¢leaning solution 4. -Whan the above process ia ra-
peated to claan a number of workpieces, the ramoved
foraign matter or burzs are accumullatcd. in the
cleaning =molution 4, and air 13 dissolved intoc the
cleaning asoclution 4. . Since the amount of air diz-
solved in the aleaning solution 4 is incxreased, tha
cleaning solution 4 becomes less liable to be cavi-
tated. |

In the illustrated ultrasonic. cleaning
apparatus, _whi.la the cleaning solution 4 ia being
circulated from the outlet port 8a to the inlet
port 8b, the foreign matter or burrg in the clean-
ing solution 4 are removad by the filter 11, and
the cleaning asolution 4 is 4dintroduced into the
saalaed tanks 6a, 6b from the circulationmn conduit 9
through the aupply conduitaz 12a, 12b. The cleaning
solution 4 is than deaerated in the sealed tanks
6a, 6b.

Moxre sgzpecifically, the cleaning solution 4
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iz deaexated by the daaerating devica 5 as followa:

Noxmally, only tha solencid-opearated
valvaes 8V3, ' 8V4- are opsen, and the solencid~opearated
valves 8VE, 8VE&, 8SV7, 8V8 are oclosed, zallowing the
claaning solution 4 to oiroulate £xom the outlet
port 8a to thea inlet port 8b.. To deaerate the
cleaning solution 4, the polencid-operated valve
SVd is closed, and the solencid-operated valves
8V5, 8V8 are .opened. The three-way solenoid-oper-
ated-valve 8Vl iz vented to .atmosphere, gince only
tha solenoid-operated valves 8V3, 8vE8, SV5E are
open, the acleaning solution 4 i; intzoduced into
the sealed tank 6a through the circulation coaduit
9 and the supply éonduits 124, 12a.

Then, when the cleaning solution 4 is sup-
pliad up to a certzin level in the aealad tank 6a,
the solenoid-operatad valves 8V5, SV8 are closed,
and the solenoid-operated valve SV4 is opened. The
clloaning solution 4 is now circulated from the out-
lat port Ba to the inlat port 8b.

Thereafter, the three-way soclanoid-oper-
atmad wvalva SVl iz opened i;nto coMunication with
thea vacuum pump 72, and the vacuun pump 7a is actu-
ated. An upper space 18a in the sealed tank 6a,
above tha lavel of the cleaning solution 4 therein,
is.ovncuated by the vacuum pump 7a, developing a

bhigh wvacuum. As a result, the cleaning solution 4
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is eaexposed to tha evacuatad upper apacae l1l8a, and
dissolved gas contained in the cleaning solution 4
is discharged into the upper space 18a. At this
time, the ultrasonic vibrator 13a is actuated to
radiate ultrasonic énargy into thae cleaning so-
lution 4 in the sealed tank 6a. When the ultra-
aonic enexgy Ais radiated into the cleaning solution
4, the dissolvad gas can easily be discharged into
the upper space 18a, |

When different ultrasonic energies ware
applied to 70 litaxs of . cleaning solution 4,
the cleaning solution 4 was deaerated by the ultra-

sonic energias as follows:

Ultrasonic energy

Not Applied at | Applied at
applied 28 kHz 1.4 MH:
Time ragquired 20 40 20 40 20 40
(m)
Dinmsolved 2,2 1.8 1.5 0.7 0.8 0.4

oXygen con—

centra- tion

(Pppm)

It c¢an be sxeen rrom the above table that
ultrasonic enaergy radiated into the cleaning

solution 4 by the ultrasonic vibrators 13a, 13b in
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tha sealed tanks 6a, €6b isa effective to shorxten tha
time xrequirad to deaerate the cleaning solution 4
nnd alse to lowar the dissolved oxygen concentra-
2ion, b.c_uuse the ultrasonic eanergy can accelerate
the evaporation and ralease of the dissolved g¢gas
£rom the cleaning solution 4.

The ultrasonic enexrgy radiated from thae
ultrasonic wvibratora 13a, 13b may have a frequency
reanging from 25 kHz to 1.9 MHi, preferably =zanging
_from 1.0 MHx to 1.9 MHz. If the freqﬁency of the
ultrasonic energy is lower than 25 kHz, then it
pxoauoaa an uncomfortable noise, The ultraaonic
anergy may be effactive if its £fraequency isa higher
than 1.9 XHs, but © ultragonic vibrators capablae
of radiating an ultrasonic ona.rgy at a frequehcy

higher than 1.9 MHx are not availabloe at presaent.

Undaxr normal aonditiona, the gas that is
diassolved in the clca.ni.ng solution 4 ie air. 8inaa
the composition of -air is constant, the c¢oncentra~
tion of dissolved gas is represented by the dia-
csolved oxygen concentration in the above table.

A pradetermined period of time after the
above deaerating process has started, the solenoid-
opaerated valve 8V4 is c¢losed, and the solenoid-op-—
arated valvez 8V6, 8SVE8 are openad. The threea-way

solenoid-operated valve 8VZ2 is vented to atmo-

sphera, Since only the solenoid~cperated valvas

-
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8v3, 8V8, 8V6 arm open, the ocleaning oolu_tio.n 4 in
introduced into the sealed tank 6b through tha aiz-
culation conduit 9 and thae =upply conduits 124,
12b.

Then, whan +tha aleaning solution 4 4is sup-
pliad up to a ocartain level in the sasaled tank 6b,
the s=solenoid-oparated valves 8V6, 8SV8 are closed,
and the aolonoid-oparated walve EBV4 is openad. The
cleaning solution 4 is now circulated £rom the out-
let poxrt B8a to the inlet port @b,

Thexeaftex, the three-way solenoid~operx~
ated valve 3V2 is opanud into communication with
the vacuum pump 7a, and the vacuum pump 7a is acﬁu—
ateaqd, An upper space iab in thea saaled tank €b Lis
evacuated to deaarate the cleaning aolﬁtion 4 in
thae senrled t#ng 6h. At the =smame tima, thea ultraf
sonic vibrator 13b is actuated to release dis-
aclved gas into the upper space 18bh at an accaeler-
ated rate. .

After the cleanihg solﬁtion .4 in the
saaled tank 6a hﬁs been deaaratad, the solenocid-op-
aratad valves S§V3, S8SV8 are c¢losed, the solenoid-op-
erated valves SV5, SV7 are opened, and the three-
way solenoid-operated valve SVl is vented to atmo-
sphara. The cleaning solution 4 is now drawn out
of tha sealed tank 6a by the c¢irculation pump 10,

and flows through the supply conduits 12a, 12¢ and
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the circulation c¢onduit 9 back intoe the cleaning
tank 2 from the inlet port 8b.

When the cleaning solution 4 ia removed
from the sealed tank 6a, the solenoid-operated
valvas 8V5, 8V7 are closad, and the solenoid-opex-
ated valve SV3 is opened to allow the cleaning so;
lution 4 to circulate from the outlet port 8a to
the inlet port 8b, Upon completion of the deaerat~
ing process in the other sealed tank 6b, the vacuum
pump 78 is  deactivated  tha solancid-operated valve
8V3 is closed, the soclenoid-operated valves SV6,
SV7 ara opened, and the thraa-way solenoid-operated
valve 8SV2 is vented to atmosphare. The deaeraﬁ_nd
cleaning solution 4 now returns from the sealad
tank 6b to tha _cloaning tank 2. Thexeafter, the
uoleﬁoid-oporated valves B8V6, B8V7. are closed, and
the solenoid-oparated valve 38V3 is opened, .permit-
ting the cleaning solution £ to circulate f£from  the
outlet port 8a to the inlet port 8b.

In the above embodiment, the cleaning so-
lution 4 may be deaerated continuously or intermit-
tently depending on the amount of a gas dissolved
in the cleaning solution 4, so that the amount of
the dissolved gas may bhe controlled to achieva a
concantration baest auited to cavitata the c¢leaning
solution 4. The deaerating process may be automat-

ically ecarriad out by programming the operation of
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the osolenoid-cparzated valvea 8V1 through S8V8.

Slpce the proceas of ultrasonically oaleaning work-
pieces can be continued while the c¢leaning solution
4 13 Dbeing desnerated, the workpioges may be cleanad
uniformly. While only two sealed tanks éa', 6b are
illuatxated in FIG. 1, moxe sealed tanks may ba am-—
ployad for deaarating the cleaning solution 4 morxe
efficiently.

FiG. 2 achematically shows an ultrasonic

cleaning apparatus acceoxding te¢ another em-
bodiment of tha preseht invention.

Aa shown An H.‘IG. 2, the ultrasconic:
¢cleaning apparatus, generally designated by the
reference numexal 21, has an ultrasonic: clean-
ing tank 22a with an ultrasonic vibratoer 23 m;bunted
on ita bottom. A workpiece to be cleaned. is in-
mersed in a cleaning esolution 24 supplied to the
cléaning tank 22a, and ultrasonic energy is ra-
diated from the ultrascenic vibrator 23 into the
cleaning solution 24 to zemove foreign matter or
burrs off the workpisce.  The ultrasonic clean-
ing apparatus 21 employs tap water containing 10 %
of a nonionic surface active ageht detergent as the
cleahing’ solution 4

Tha cleaning tank 22a has an outlet port
25a in its side wall for discharging the cleaning

solution 24 from the claeaning tank 22a, and an in-
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let port 25b in itsx side wall for supplying the.
oleaning wmolutien 24 into the cleaning tank 22a,
the outlat and inlet ports 25a, 25b being posi-
tionad in diametriocally confronting ralationship to
aach othayr, Flow zxeaectifving ‘unitas {(not shown) are
disposed in the respective outlet am.i inlet porta
2%a, 28b forxr preventing air from being trapped in
the c¢leaning solution 24.

An deaerating device 28 for deaerating the
aleaning solution 24 before it i=s suppliad'. to the
cleaning tank 22a is disposed outside of the clean-
ing tank 22=, .'.t'ha_ deaerating device 28 is con-
nected to tha ocutlst port 25a through a sasupply con-
duit 27a and also to tha inlet port 25b through a
supply conduit 27b.

The supply conduits 27a, 27b jointly serve
as a circulation system which includes the dererat-
-ing device 28.

Tha deaerating device 28 will be described
in detall below with referance %o FIG. 3. FIG. 3
shows the desaerating device 28 in c¢ross seaction.

As shown in FIG. 3, the deaarating davice
28 has a sealed tank 31 in the form of a pipe of
SUS whose opposite ends are hermatically closed.
The supply condult 27a is con;oct-d to an uppeaer
side wall of the sealed tank 31 for supplying the

cleaning solution 24, which ia to be doaarhtad,
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into the semlad tank 31. A supply pump 32 is con-
naatsed in the aupply conduit 27a. The supply pump
32 and the supply conduit 27a jointly serve to in-
troduce +he cleaning =soclution 24, to be deaeratad,
through the supply condult 27a into-the saaled tank
.31, .

The sealed tank 31 houses a pluzxality of
axially apaced partitions 34 which divide the inte-
riox space of the sealed tank 31 into a vértical
array of chambers, each of .the partitions 34 bhaving
2 numbar of small holes 33 defined therein, - ;.l:ho
partitions 34 serve t¢ increase the area of contact
batwean the cleaning solution 24 and the space in
the sealad tank 31, When the c¢leaning solution 24
iz introduced into the sealed tank 31 through the
=upply conduit 27a by the supply pumpl 32, the
cleaning solution 24 flows through the small holes
33 in tha partitions 34 downwardly in the sealed
tank 31. '

The sealaed tank 31 can be ofacuatad by a
disobaxrge pipe 35 extending axially through an wup-
pox end Cap 3im of the xealad tank 31 and the par-
‘titions 34 and henoe vertically in the sealed tank
31, and an ajectoxr 36 disposad outside of the
sealed tank 31 and connected teo tha discharge pipe
35. The ejector 36 sarves to discharge air from

the discharge pipe 35, and has a valve (not shown)
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vented to atmosphexa.

‘The dimschargae pipa 35 has a pluxality of
holes 37 definad in its pipe wall at axially spacaed
intervals. The discharge pipa 38 zn.lso has a plu~
rality of covexa 38 attachad its outer surface in
covering ralationship to tha respective holes 37
for preventing the downwardly flowihg cleaning =o-~
lution 24 from being drawn into the holes 37.

R fillar 39 is filled in the sealed tank
31 around the discharge pipa 35 in spaces betwaen
the partitions 34. The filler 39 is also effective
to ingraaga tha avaea of contaet bhetwean thae c¢laan-
ing. solution 24 and the space in the =ealad tank
31, Tha fillezr 39 may be of any material and
structuie insofar as the c¢leaning solution 24 éan
':Elow aleng the purxfaae of the £filler 30, Foxr eaxam-
Ple, a spirally wound net of SU8 oxr plastiocs is
praferable oaa it :i:a inexpensivae and any oily or Bi-
ological deposits can easily be washed aivay for
xeusing the £illex 39.

The supply conduit 27b is connected to a
lower saide wall of the :sealacl tank 31 near the bot-~
tom thereof. A supply pump 40 is connacted in the
supply conduit 27Db. The. supply pump 40 and the
supply condult .27b jointly serxrve to deliver the
deaarated cleaning 301ﬁtion 24 through the asupply

‘conduit 27b to the c.leani.ng tank 222a.
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A communication plpe 41 interconnectiﬁg
upper and lowar spacas in the a'aalc;d tank 31 i»s
disposed outside of and eaextends along the sealaed
tank 31.  The supply conduitas 27a, 27b opean =zeapec-
tively into the uppl;r and Jlower aspaces that ara in-
tarconnected by the communication lpipa 41. The
communication pipe 41 has two spaced leval switches
42a, 42bh of tha electrostatic capacitance type for
detecting the solution level in +the ssaled tank 31
with Zfloats that wvertically move in unison with the
solution level in the sealed tank 31. Thesa level
awitches 42a, 42b are alectrically connected to a
deaeration controllex. 43, The deaaration con-
trollezr 43 ia electrically connected to tha supply
pumps 32, 40. When a predetermined upper 1imi£ po-
sition for tha solution level in the smealed tank 31
is detected by the level switch 42a, the deaaration
controller 43 de mctivates the supply pump 32 and
activates the supply pump 40 to dischargea the
daaerated cleaning solutién 24 from the sealed tank
31 and supply it through the supply conduit 27b to
the c¢leaning stank 22a. When a predetarmined low
limit position for tha solution level in the sealed
tank 31 is detected by the leval switch 42b, the
deaeration controller 43 deactivates the supply
pump 40 and activates the supply pump 32 to intro-

duce the cleaning solution 24, to be daaerataed,

S
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into the cealed tank 31,

An ultrasonia vwibrator 44 ias attaghad to
an upper wall aurface of the sealad tank 31 for
eliminating bubbles which may ba produced whan a
dizzolved gas is dischaxged particularly if the
aleaning solution 24 contains a  detargent such as a
surface active agent,

As shown in FIG. 2, a romexve tank 22b is
’positionad adjacent to the ¢leaning tank 22a £orx
receiving an overflow of éleuning solution £rem the
cleaning tank 22a whan a workpiece is immersed in
the Cleaning solution 24 :.Ln 1.:ha élenning tank 22a.
Discharxge conduits 29a, 29b are coannected to the
bottoms, respectively, of the cleaning tank 22a and
the raeserve tank 22b. The discharge c¢onduits ‘29a,
29b are connected to the supply conduit 27a up~
streaﬁ of the supply pump 32,

The conduits 27a, 27b, 2%, 290 have ZL£1loW
regulating -valvea for regulating the rates of tha
¢cleaning solution 24 flowing thersthrough,

Operation of the ultrasonic cleaning
'apparlntua 21 will be described below.

The deaerxated cleaning solution 24 is
f£filled in the 6leaning tank 22a, and tha ultrasonic
vibrator 23 ias ictuatad to remove foreign matter or
burrs from a workpiece which is immersed in the

cleaning soclution 24 in the c¢leaning tank 22a.

This Sheet Has Been Replaced

T




_28l_

8ince rapetition of the cléaning procass. raesults in
an inoxoasae in the amount of diesolvaed gas in &the
claaninq solution 24, the c¢leaning solution 24 is
suppliad through the supply conduit 27a to thae
senlad tank 31 by the auvpply pump 32. After thae
claaning solution 24 has baaen deaarated in the
sealed tank 32, it is diacﬁarg_ed from the soaled
tank 32 by the supply pump 40, =and raturned through
the osupply oonduit 27b to tha cleaning tank 2_2#.

The deamerating device 28 deaerates tha
cleaning solution 24 as follows:

The cleaning solution 24 drawn £rem the
cleaning tank 22a is introduced into tha menled
'tank.sl thrxough the supply conduit 27a by. th§ aup-—
ply pump 32. At this time, the sealed tank 31 has
baen evacuated through the discharge pipe 35 by the
ajectolr 3s6. Inaamﬁch as the discharge pipe 35 ex-
tonds vertically and the holaes 33 are dafined in
.ita wall, the saealad tank 31 may' be evacuated uni-
formly to a pressure level of about - 650 nmHg.

The cleaning solution 24 supplied to the
saalad tank 31 flows downwardly while being exposed
to the evacuatad space in the sealed tank 31.
Thexrefore, any diaublvad gas iz releasad from the
cleaning solution 24 while it 1is fiowing downwazdly
through the discharge pipa 35.

The partitions 34 in the sealed tank 31
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will be dasarxibed helow with roference to ¥IGC. 4,

As shown in FIG. 4, tha amall bholas 33 are
defined in each of the partitions 34 around the
dischazga pipe 35, Therofore, the claoaning solu-
tion 24 introduced into the sasled tank 31 is dis-
poersed by +tha samall holes 33 while £flowing down tha
sealed tank 31. The cleaning solution 24 is thus
exposed to the spaca in the xealed tank 31 through
a laxge axea of oontact, and tha diss.olved gas can -
efficiantly be relessad f£rom the cleaning solution
24. Inasmuch aaz the cleaning solution 24 also
flows along the asuxface of ﬁha £iller 39 £illed h]a-
tvean the paxtitions 34, f.ho cleaning aolutien 24
18 further exposad to the space in the sealed tank
31 through an inoreased area of contact, The
c¢leaning asolution 24 i1s exposed to the apace in the
seznled tank for a longer period of time .'than would
be if it were not for the <£iller 33. Consaquently,
tha dissolved gas is discharged from the cleaning
solution 24 at an accelerated rate with a high
dgaaration efficiancy.

The cleaning solution 24 flowing down the
fillexr 39 is dispersed by the small holes 33 each
time it reaches one of the partitions 34. The
cleaning solution 24 is thus prevented from being
localized in the sealed tank 31 so that the dis-~

solved gas can be released from the cleaning solu-
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tion 24 highly aefficlaently. The axially apaced
partitions 34 in tha saaled tank 31 also saexve to
stiffan the sealed tank 31. Accordingly, even when
the aaaled tank 31 is evacuated, the sealed tank 31
is protected from defozrmation.

Tha holes 37 in the discharge pipea 35 con-
front tha fliller 39, and mi.ght.draw in tha c¢leaning
solution 24 which flows down the filler 39,
However, the cleaning solution 24 is prevanted £rom
béing drawn into the discharge pii:e 35 by the cov-;-.
ers 38 which cover the holes 37,

Tha covers 38 will be daeseribed in more
detail with reference to FIG. 5.

As illustrated in FIG. 5, the covers 38
are attached at upper nnda- theraof to tha diacﬁarga
pipe 35 and extend downwardly in overhanging rela-
tionship tao the holes 37, leaving gaps 37a batween
the discharge pipe 35 and the lowar enda of <the
covers 38, The gas in the sealed tank 31 is drawn
into t_.ha discharge pipe 35 through the gaps 373,'.
wharaaz the cleaning solution 24 which £flows dOwﬁ—
wardly is prevanted by the covers 38 £from beinq
drawn into the discharge pipe 35.

The claaning solution 24 thus deaerated is
accumul.atad. in tha sealed tank 31, and its laval
gradually increases as more c¢leaning solution 24 is

deaerated. When tha level of the cleaning solution
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24 increasas in tha =zealed tank 31, it enters the
discharge pipe 35, but is not drawn by the ojectoz:.
36.

Since the cleaning solution 24 contains a
surface active agent, it is Ddbubbled vioclently as
the dissolved gas iz discharged, and bubbles £ill
up the saalaed tank 51. 8incae these bubbles will
not easily bae eliminated automatically, they will
move upwardly as the level o¢of the clesaning solution
24 goas wupwardly, and might eventually be drawn
into the ejactor 36. However, the bubbles can be
eliminated by the ultrasonic energy radiated £rom
" the ultrasonic vibrator 4-4 mounted on the upper 4in-
ner wall surface of tha sealed tank 31.

When the level ¢f the accumulated cle#ning
solution 24 in the sealed tank 31 rcgchea a preade-
termined upper 1limit position, the level awitech 422
in the communication pipa 41 sends a detected sig-
nal to the deaeration controller 43. In rasponse
to the detected signal from the level awitch 42a,
the deaeration controller 43 dJdeactivates the supply
pipa 32 and actuates the supply pump 40. As a re-
sult, the deaerated cleaning solution 24 that is
accumulated in the uealed tank 31 is supplied
throuqh'th'n supply c¢onduit 27b to the claaning tank
22a by the supply pump 40.

When the deaeratad cleaning solution 24 1is

\
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thus suppliad to the cleaning tank 221', the laval
of the olaaning selution 24 in the sealad tank 31
deacends and reaches a predetermined lower 1limit
position,  Then, the lavael switch 42b aends a da-
tacted signal to tha daaeration controller 43,
which stops tha =upply pump 40 and activates the
supply pump 32, Tha c¢leaning solution 24, to ba
densratad, is now intreducad 3intc the =mamlad tank
31 thrxough the supply oconduit 27a, and tha deaax-
ated clesning solution 24 starts boin§ accunulated
in the asaled tank 31.

Consequently, each time a coextain amount
of deaerated cleasning solution 24 is socoumulated iﬁ
the sealed tank 31, it is ‘automatically supplied ¢to
tha cleaning tank 22a. When the supply of the
daaerxated c¢leaning solution 24 to the cleaning tank
22a is finished, the deaerated cleaning solution 24
automatically starts to be accumulated in the
saaled tank 31. The level of the cleaning solution
24 in the sealed taﬁk 31 is thus praevented from
rising excessively into the ejector 36. The deaer-
ated cleaning solution 24 can also be supplied ef-.
ficiently to the cleaning tank 22a.

In this embodiment, only- one deaerating
device 28 1s connected to the cleaning tank 22a.
Howevar, a plurality of deaerating devices 28 may

be connectad parallal to each other, and may be ac-
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tuated one aftex another to supply the deaarated
cleaning solution 24 uninterruptedly to the clean-
ing tank 22a.

FIG. 6 shows a modj.fication of the deaer-

ating device 28.

_ In ¥148, 6, a debubbling tank 45 is con-
nected between the discharge pipe 35 'in the asealed
tank 31 and the ajector 36. The debubbling tank 45
houses a silicone-~base =molid debubbl:i.zer. (UNFALL
MT-9, manufactured by Daiichi Seiyaku Co.,, Ltd.)
which iz shaped not to obstruct the paaaﬁge of a
gas through the debubbling tank 45. Even if bub~
bles produced when the disaolved gas is raleasaed
from the cleaning solution 24 are drawn from the
discharga pipe 35 toward the sjector 36, they are
‘aliminated by contact with the .solid dabubblizer in
the debubbling tank 45, and hence prevented from
being drawn into the ajaector 36. The ultzasonic
vibrator 44 shown in FIG. 3 is dispensed with, but
may be disposed in tha ﬁppor space in the sealed
tank 31. The other structural details of the modi-
fied daeaserating device shown in FIG, 6 are the same
as the deasxrating deviéc 28 shown in ¥IG. 3.

Although cextain preferred embodiments of
tha present invention have been shown and described
in detall, it should be understood that wvarious

changes and modifications may bae made therein with-
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CLAIMS * € L M s ¥ .
1. An apparatus for ultrasonically cleaning a

workpiece, comprising:

a cleaning tank for étoring 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
cleaninq tank, said deaerating means comprising a sealed
tank for being supplied with the cleaning solution from
said cleaning tank, and evacuating means for evacuating
sald sealed tank to release dissolved gas from the
cleaning solution supplied to said sealed tank and

exposed to an evacuated space in said sealed tank.

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

frequéncy in the range from 25 kHz to 1.9 MHz.
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5. An apparatus according to claim 1, wherein said

- 36 -

deaerating means comprises means for introducing the
cleaning solution downwardly into said sealed tank from
an upper portidn 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 being
drawn in comprises covers attached to said discharge
pipe in overhanging relationship to said holes,
respectively.

8. An apparaﬁus according to any oflclaims 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 apparatué 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 surféce
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 cieaning 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 accbrding to any preceding claim,
wherein saild deaerating means includes debubbling means .
for eliminating bubbles produced in said 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. |
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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 gés 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 comprisinQ/é sealed tank for being supplied with
the cleaning solution from said cleaning tank§7and
evacuating means for evacuating said sealed tank to
release dissolﬁed gas from the cleaning solution
supplied to said sealed tank and exposed to an evacuated
space in said sealed tank.
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