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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 cleaning 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 cleaniag
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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ULTRASONI C CLEANI NG APPARATUS Descri ption The present invention

relates to an apparatus. for ultrasont<ally cleaning a workpiece, and nore
particu- larly to an ultrasonically cleaning apparatus-hgv
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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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ultrasonic vibrator nmounted on the bottom of a cleaning tank for radiating
an ultrasonic energy into a cleaning.solution supplied to , eani ng tank
to renove foreign matter or burrs off a workpiece i nmerse ;
ing solution. Mre specifically, the present invention i oncaﬁmgqu
ul trasonically cl eaning apparatus having a deaerating device for deae
a cleaning solution to supply a deaerated cleaning solution to a

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
;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 bz 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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cl eani ng tank. Heretofore, there are known ultrasonically cleaning
apparatus having a cleaning tank wt4r an ul trasonic vibrator—meunted il
bottom After the cleaning tank has been supplied with a EH&W‘?@?};@&E on
ultrasonic energy is radiated fromthe ultrasonic vibratpr_i ntRE

ultrasonic solution to clean a workpi ece i mersed in the cleaning sol ution.
When ultrasonic energy is radiated

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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fromthe ultrasonic vibrator into the cleaning solution,
solution is cavitated, and the workpgece is exposed to shock VREFE

mcrojets that are produced when the cavitation is collapSed. Foreign '
matter or buffSiEEtHe rembVEETPPERMChe® DT EDI 0 Dy HfosBL 8ABERFwaves or

R ARCE i LR R
cl eani ng sol wbir®pidde | Smmersad in the cleaning solution, 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 thae cleaning asolution supplied

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

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



concentration of‘a gas

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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di ssolved in the cleaning solution in too high, then the dissolved gas is

converted into bubbles by the ultrasonic energy radi ated by—he_ultrasonic
vi brator, and the cl eaning solutiom8s lens cavitated as théHil s#m=50D]

energy i s absorbed by the bubbl es. It is inportant, t e -foRm&Aﬁ%ﬁ
control the amount of a gas dissolved in the cleaning solution. There

been proposed various deaerating devices for supplying a

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 meana.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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devi ce has a boiling tank for boilin 1T
'di ssol ved gas fromthe cleaning solution. In another _jﬁﬁ ﬁﬁsdﬁﬁew,t-
ing device, a high-tenperature layer is produced in a X =Y N [
solution in the vicinity of its surface in the cleaning tank, thus

generating a | owtenperature | ayer bel ow the high-tenperature | ayer.
Because air is

deaerated cleaning solution to the claeani ng tank. One known deaerating

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 solution 4is £lowing downwardly along 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 1ongen'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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di ssolved into the cleaning solution at different rates at different
solution tenperatures, the high-tenperature layer is effd Q.
air frombeing dissolved into the cleaning solution, the e§}5I§éI§BT
cl eaning solution deaerated in the | owtenperature Iayer. S REPanc.tgjjer
prior deaerating device has a hol | owl®+ brous gas separating nenbrane

nodul e. While a cleaning solu- tionis flowng through the hollow fibrous
menbr anes,

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 spaced parxtitions 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
circulating means for circulating the cleaning ao-
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
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the pressure outside the hollow fibrous nenbranes is |o
di ssolved gas fromthe cl eaning solution out of the holl
menbranes, thus deaerating the cledhing sol ution. Ho
deaerating devices suffer vari- ous problens. SpeC|f|carﬁy~
deaerating device with the boiling tank is relatively large in size and
taken a | ong period of

red to draw any

tha oleaning solution, tha dabubbling means being
peoitionad in a portion of the sealad tank where
the bubblaes are produced. 8ince the bubblas 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 applying an ultrasonic encxgy 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:-
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tinme to deaerate the cleaning solution. This type of rati ng device is
not practical as the deaerating accuracy is not high| THIS SHEET yag BEEN -
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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 tankas 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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- 3- The deaerating device which fornms high- and | ow tenperature |ayers
in the cleaning solution is not suitag_ble for use w, ol utions
that contain a sol'vent of |ow boiling point because qf t“hé"r‘f‘rﬁ'g"HiASemmr ature
| ayer that nust be generated. The deaerating devi Lee~wibHIYKE “t¥&Dgas |
separating menbrane modul e i s di sadvantageous in that the hol- ~ —

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 solanoid-
opaerated valvas SV_I':, 8ve6. 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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| ow fibrous nenbranes are expensive and open to attack by certain solvents
such as hi gher al cohols. Therefore, g deaerati ng device of th| s type can
use only a linmted range of cleaning soPutions. Furt eTHRI g pl .

effectiveness of the hollow fibrous nmenbranes is |owgred qgggkl,
substances are attached to the hollow fibrous nenbran
menbr anes are deposited thereon due to the growh of microorgan-

€§ foxr xadiating ultresonia energy inte the
cleaning osolutien 4 in the csealing tanks 6a, 6b,
A reserve tank 14 is positioned adﬁacant

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

oleaning solution #xom the €leaning tzank 2 and’
c.tor:!.ng R reserva oaleaning solution 4, The reserve
tank 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. The re-
serve tank 14 is connected to the circulation con-
duit 9 through a conduit 16 Jjoined to £he boktom of
.the reassrve tank 14. The -cleani.ng ta-nk 2 is con~
nacted to the circulation conduit 9 through a eon-
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-
late 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 foreig_n matter or burra attached to
its surface is immeruéd in the deaerated cleaning
e
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| SNs. It is known fromJP-A-2 233 190 to provide appara- tus for
ultrasonically cleaning a workpi ece, conprising: a clegam _
storing a cleaning solution therein, said cleaning tank H ﬁﬁfﬁﬂﬂSBEEN
ul trasonic vibrator dis- posed therein for radiating AhL e AGEier gy i{nt o
the cleaning solution to renove foreign matter, burrs or the like o
wor kpi ece i mersed in the cl eani ng-gegluti on;

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 thae outlet pozt éa to the iﬁlet
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

This Sheet Has Been Replaced
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deaerated cl eaning solution to said cl el I ng tank said ITTa Ny _
conprising a sealed tank for being supplied with the cl | ngrsgpl +OBEEN gm
said cl eaning tank, and evacuati ng neans includ- ing neans o 'Dutsi“e _
of said seal ed tank for dis- charging air therefrom for evacuat| ng said
sealed tank to rel ease dissolved gas fromthe cleaning sol ution sup-

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. evacuated by the vacuum pump 7a, developing a

bhigh wvacuum. As a result, the cleaning solution 4
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plied to said sealed tank and exposed to an evacuat ed spacean sai d sealed
tank [ :
-18- L

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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-4- US- A-4 193 818 di scl oses apparatus for cleani
I nstrunents including a cleaning tank for con-

~-19-

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 c.onditiona, 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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taining cleaning liquid, with a void space above the 3
i quid which is evacuat ed The liquid,is subjected to uf
GB-A-2 192 348 discl oses degassi ng apf)@:\rat us for renow
fromwater used as an ingre- dient in beverage production. P
has a plu- rality of vertically spaced foram nous sheets through whi ch
liquid trickles whilst being subjected -to a vacuum

8v3, 8V8, 8V6 arm open, the ocleaning oolu_tio.n 4 in
introduced into the esealed 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 aci:u—
ateaqd, An upper space iah in thea saaled tank €b Lis
evacuated to deaarate the cleaning aolﬁtion 4 in
thae senrled t#nl; 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

S
Been Replace

\\\\\\\\\\\\\\\\\\\\\\\\\



The vacuumis created by the renmoval of air via an out- let at the top of
t he degassi ng chanber. It is an object of the inventi ’_MI;QYI de an
ultra--sonic cleaning apparatus with ayfleaerating device fT‘ﬁfﬁez—zlé;l:ng‘;“mq
disclosed in JP-A-2 233 190 that may be relatively small S| ZEPL pcp > BEEN
I nexpensive, may be used wth various dif- ferent cleaning solu

2D
may deaerate a cleaning solution accurately within a short period of,ti mcei
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 othaer sealed tank 6b, .. tha 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
uole-noid—-oporated valves B8V6, B8V7. are closed, and
the solenoid-oparated valve 38V3 is opened, .pemit-
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

This Sheet Has Been Replaced

[T




The present invention is cnaracterised in that said deaeratlng nmeans

conpri ses neans for introducing the cleaning soluti wpmard+ to,said
seal ed tanmk from an upper portion-22hereof, whereby 'he clﬁqﬁfn@&ﬂﬂaulon S
exposed to the evacuated space in said sealed tank | downyar dl y
t heret hrough and in that said evacuating neans conpri ses a di scharge pi pe

extend- ing vertically in said sealed tank and having a plurality of

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
raferonce numexal 21, has an ultrasonic: clcan—
ing tank 22a with an ultrasonic vibratoer 23 mounted
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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hol es defined in a wall thereof, the discharge pipe being connected to the
air discharging neans di sposed out- side of said seal ed tjamygs ¢ iLF

Preferably the vibrator is arrangedipp -or adjacent the bgttom
cl eani ng t ank. S Rispr

H%S BEEN |

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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While the cleaning solution is flowng fromthe upper portion of the seal ed
tank downwardly through the seal ed tank, the cleaning solution is exposed

to the evacuated space in the seal e | t ank t hrough an |ngh§§ﬂ
contact. Therefore, any dissolved gas

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 ;:an
':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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can easily be discharged fromthe cleaning solution. The neans for

discharging air fromthe seal ed tank g evacuate the sea
conprise a vacuum punp or an ejector wth a.valve ventef Tigs 3

exanpl e.

solution frombeing drawn into the dis- charge pipe throug
evacuat i ng neans

The di scharge pi pe nmay have neans for preventi ng

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,

-
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can uniformy evacuate the sealed tank by discharging air fromthe seal ed
tank, and the cleaning solution flows wnwardly through the seal ed tank

wi t hout being drawn by the evacuating neans. The me H$H§§ﬁh§H§X§%bg

the cl eaning solution frombeing drawn .into the di scharge gonp nse
covers attached to the discharge pipe in overhanging relra
hol es, respectively. Since the clean-

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
positioned adjacent to the ¢leaning tank 22a £orx
receiving an overflow of éleuning solution £rem the
cleaning tapk 22a whan a workpiece i.z; inmersed in
the Cleaning solution 24 :.Ln 1.:ha élenning tank 22a.
Discharxge conduits 29a, 29b are coannected to the
.bottoms, respectively, of tha cleaning tank 22a and
the raeserve tank 22b. The discharge c¢onduits ‘29a,
29b are connected to the supply conduit 27a up~
streafn of the supply pump 32,

The conduits 27a, 27b, 2%, 290 have fL£low
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 .cle.aning tank 22a, and tha ultrasonic
vibrator 23 ias #ctuatad to remove foreign matter or
burrs from a workpiece which is immersed in the

cleaning soclution 24 in the c¢leaning tank 22a.
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ing solution flows along the covers, it is effectivel ‘BW§5HEEDQQO
being drawn into the evacuating nmeans. Air in the seated-pI BPLABES
t he hol es through gaps defined between Ege di scharge pi pe and d
of the covers. Therefore, the covers do“hot obstruct the discharge of air
fromthe seal ed tank. The evacuating neans may incl ude ‘additional neans
In the sealed tank for exposing the cleaning sol u-

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



tion which is introduced dowmmwardly into the sealed tank to the evacuated
space therein through an increased ar of contact. fi'ﬁﬁéSHEETeﬂAea‘mmg'
'solution is exposed to the evacuated space through ap i ncreEdadgEnrea o
contact, the cleaning solution can be deaerated

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
sezled tank for a longer peariod 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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-6- highly efficiently. The means in the seal ed tank for exposi ng t he
cl eaning solution to the evacuated space may conpri§ s AT

vertically spaced partitiens dividing the3l_ i ;I!{EPLACED ' }

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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space in the sealed tank into a plurality of chanbers, each of the
partitions having a plurality of small_holes. Upoi
cl eaning.sol ution in.the seal ed tank;3%he cleanin
each time it reaches one of the partitions, and hi
space in the sealed tank through an increased area of contact. The
nmeans in the sealed tank for exposing the

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-
R —
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cl eaning solution to the evacuated space may also com prise a filler for
allowing the cleaning solution to flowyn a surface thereof. Wile the
¢l eaning solutionis flowi ng downwardly al ong the surface of the filler in

t he seal ed tank, the cleaning solution is exposed to the space-in-the

seal ed tank through an increased area of contact. Wt Tms'SHEETéMSLPsF@B', t he

cl eaning sol ution renains exposed to the space in the|seal eRERLASEDS or

period of

tuated one aftex another to supply the deaarated
cleaning solution 24 uninterruptedly to the clean-
ing tank 22a.

FIG. 6 aho;m a modification 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 debubblizqr (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

"eliminataed 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 detail, it should be understood that wvarious

changes and modifications may bae made therein with-
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time longer than if it were dispersed only by the snall holes in the
partitioens. -Thus, the cleaning solution_can be deaefares

efficiently: The filler may preferably‘ﬁ inthe fqg i AL Ey—wound
net of SUS or plastic as it is inexpensive and any “ot )i
deposits can easily be washed away for reusing the filler. Te-np®ans in

the seal ed tank for exposing the cleaning solutlon to the evacuat ed space
may conprise

out depaxting f£fxom thae scopa of the appendad

claimo.

-—
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both a plurality of vertically spaced partitions dividing the space in the
sealed tank into a plurality of chanbers, each of the partitions having a

plurality of small holes, and a filler disposed in theﬁéﬁﬁg%ﬁéﬁTiﬁg;BE:N
all owi ng the _ . =

, REPLACED
— 3 5 —
A O O
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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-7- cleaning sol utioumm“mmm d space in gmf; T ough an
i ncreased area of con ! éartitions n theu§@§g§§ EMk| al so
serve to stiffen the s&al ®d 't adk. Accor/di ngly, even € tank is
evacuated the sealed tank is protected fromdeforma- tion.

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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The cleaning tank has an outlet port for discharging the cleaning solution
fromthe cleaning tank and an inlet port for sup he cl eaning

solution into the cleaning tank, further includi Sﬁiﬁm@ INY £ s for
circulating the cleaning solution fromthe outl [ REPDAGHS | ¥ ot port,
t he deaerating neans being connected in t cir- culatin I nce the

cl eaning solution in circul ated for deaeration, the cleaning solution can
be reused and 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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hence may be consuned in a relatively small anount. The deaerating
nmeans nmay i nclude debubbling nmeans for elimnating bubbles produced in the
seal ed tank when the dissolved gas is released fromthe cl
solution, the debubbling neans being positioned in a portijo
t ank mhere t he bubbl es are pro- duced. Singce,ihe bubbles S ]
the seal ed tank, they are prevented from bbfng drawn into the evac-
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uating neans. The debubbling neans may conprise an ultrasonic vibrator

di sposed in an upper portion of the sealed tank for applying an ultrasonic
energy to the bub- bles produced fromthe cleaning sol utjer~—_._The
debubbl i ng neans may be connected between the sealed ta k TS SHERE '
di scharging air. Wth such an arrangenent inasmuch as the :
elimnated before they reach the evacuagbnq5neans,
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they are prevented from being drawn into the evacuating neans. The
debubbl i ng neans may conprise solid .

42a
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- 8 - debubbl i zer which can eliminate the bubbl es upon con- tact
therewith, the solid debubblizer being shaped not to
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obstruct the passage of a gas therethrough. The solid debubblizer
Enbodi ment of the inyenti.an wll

be described by way of exanple and with reference to the &ﬁﬁﬂ%ﬁﬂﬁ@%&@EEN
FIG 1 is a schematic view of an] ult r REShACED N

apparatus according to an %gbo%%nent of the

silicone-base solid debubblizer.
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present invention; FIG 2 is a cross-sectional view of a deaerat| ng
device of the ultrasonic cl eaning apparatus shown '
is a cross-sectional viewtaken along line IIIl -
FIG 4 is an enlarged fragnentary el evational view
preventing a cleaning solution - 39 -

. ABSTRACT
ULTRASONIC CLEANING APPARATUS

A workpiece is immersed in a cleaning solution (4)
in a cleaning tank (2). The cleaning tank (2) has an
ultrasonic vibrator (3) disposed on its bottom for
radiating ultrasonic energy into the cleaning solution
(4) to remove foreign'matter or burrs off the workpiece.
A deaerating device (5) is connected to said cleaning |
tank (2) for supplying a deaerated cleaning solution (4)
to said cieaning tank (2). The deaerating device (5)
comprises a sealed tank (6a,6b) for being supplied with
the cleaning solution (4) from said cleaning tank (2).

A vacuum pump or ejector (7a) is connected to the sealed
tank (6a,6b) to evacuate said sealed tank (6a,6b) to
release dissolved gas from the cleaning solution which
is supplied to said sealed tank (6a,6b) and exposed to
_an evacuated space (18a,18b) in said sealed tank
{6a,6b) .
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£rom-béi ng drawn; and FIG 5 is a cross-sectional viewof a

rpdi fi cation of the deaerating dg he ul trasog b C
apparatus shown in FIG 1. FI G{ 1 Scheém SkEyygho Aﬁﬁwsggo%ﬂ%T
cl eani ng apparatus according:to anott : } d¥ th resent

i nventi on. 06 DEC 1936

. ULTRASONICALLY CLEANING APPARATUS 9bp Fgor-9

The present invention relates to an apparatus for
ultrasonically cleaning a workpiece, and more particularly
to an ultrasonically cleaning apparatus having an ultrasonic
vibrator mounted on £he bottom of a cleaning tank for
radiating an ultrasonic energy into.a cleaning solution
supplied to the cleaning tank to remove foreign matter or
burrs off a workpiece immersed in the cleaning solution.
More specifically, the present invention is concerned with
an ultrasonically cleaning apparatus having a deaerating
device for deaerating a cleaning solution to supply a

deaerated cleaning solution to a cleaning tank.

Heretofore; there are known ultrasonically cleaning
apparatus having a cleaning tank with an ultrasonic vibrator
mounted on its bottom. After the cleaning tank has been
supplied with a cleaning solution, ultrasonic energy is
radiated from the ultrasonic vibrator into the ultrasonic
solution to clean a workpiece immersed in the cleaning solu-
tion. When ultrasonic enerqgy is radiated from the
ultrasonic vibrator into .the cieaning solution, the cleaning
solution is cavitated, and the workpiece is eﬁposed to shock

waves or microjets thap_are'produced when the cavitation is

ThlS Sheet Has Been R la
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A5 shown in FIG 1, the ultrasonic cleanlng appara- ‘tus, ggpgﬁgﬂMENT SHEET
desi gnated by the reference nuner al 2] TS—a

with an ultrasonic vibrator 23 nounted
cleaned is imersed in a cleaning sol
22a, and ultrasonic energy is radi- ated fromt ds
into the cleaning solution 24 to renove-fareign matter @

€1 eafttng t+-ark—23a

s

ic Vvibrator 23
burrs off the

collapsed. Foreign matter or burrs can be removed from the
workpiece by those shock waves or microjets. For
efficiently cleaning workpieces, it is necessary to provide
conditions which facilitate the generation of the cavitation
in the cleaning solution. It is known that the cleaning
solution can be cavitated more easily if the concentration
of a gas dissolved in the cleaning solution is lower. If
the concentration of a gas dissolved in the cleaning
solution is too high, then the dissolved gas is converted
into bubbles by the ultrasonic energy radiated by the
ultrasonic vibrator, and the cleaning solution is less
cavitated as the ultrasonic energy is absorbed by the
bubbles.

It is important, therefore, to control £he amount of
a gas dissolved in the cleaning solution. There have been
proposed various deaerating devices for supplying a deaer-
ated cleaning solution to the cleaning tank. One known
deaerating device has a boiling tank for boiling the
cleaning solution to release any dissolved gas from the
cleaning solution. In another conventional deaerating
device, a high-temperature layer is produced in a deaerated
cleaning solution in the vicinity of its surface in the
cleaning tank, thus generating a low-temperature layer below
the high-temperature layer. Because air is dissolved into
the cieaning solution at different rates at different

solution temperatures, the high-temperature layer is
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effective to prevent air from being dissolved into the
cleaning solution, thereby keeping the cleaning solution
deaerated in the low-temperature layer. Still another prior
deaerating device has a hollow fibrous gas separating
membrane module. While a cleaning solution is flowing
through the hollow fibrous membranes, the pressure outside
the hollow fibrous membranes is lowered to draw any
dissolved gas from the cleaning solution out of the hollow
fibrous membranes, thus deaerating the c¢leaning solution.

However, the known deaerating devices suffer various
problems.

Specifically, the deaerating device with the boiling
tank is relatively large in size and takes a long period of
time to deaerate the cleaning solution. This type of
deaerating device is not practical as the deaerating
accuracy is not high.

The deaerating'device which forms high- and low-
temperature layers in the cleaning solution is not suitable
for use with cleaning solutions that contain a solvent of
low boiling point because of the high—temperature layer that
must be generated.

The deaerating device with the gas separating
membrane module is disédvantageous in that the hollow
fibrous membranes are expensive and open to attack bf
certain solvents such as higher alcohols. Therefore, the

deaerating device of this type can use only a limited range
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detergent as the cleaning solution 4
outlet port 25a inits

. énpl oys tap water containing 10 % of a nonionic sur- face active agent
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of cleaning solutions. Furthermore, the effectiveness of
the hollow fibrous membranes is lowered quickly when oily
substances are attached to the hollow fibrous membranes or
biological membranes are deposited thereon due to the growth

of microorganisms.

It is an object of some embodiments to provide an
ultrasonic cleaning apparatus with a deaerating device that
may be relatively small in size, inexpensive, may be used
with various different cleaning solutions, and may deaerate
a cleaning solution accurately within a short period of
time.

According to the present invention there is
provided an apparatus for ultrasonically cleaning a
workpiece, comprising a cleaning tank for storing a cleaning
solution therein, the 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 £he cleaning
tank for supplying a deaerated cleaning solution to the
cleaning tank, the deaerating means comprising a sealed tank
for being supplied with the cleaning solution from the
cleaning tank, and evacuating means for evacuating the
sealed tank to release dissolved gas from the cleaning

solution supplied to the sealed tank and exposed to an
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;side wall for discharging the cleanin -t mt '
22a, and an inlet port 25b in its sid P PHEBF Hagmseyi hg |t ReplcnCEMENR PREE!
solution 24 into the cleaning tank .22 FEUALED and | nlletr—ports25a, 25b
bei ng positioned in dianetrically confronting relation- sHifg tQ.e Eb‘pgge :
Fl ow rectifying units (not shown) are disposed in the respe ti@é’@utlet arld
I nlet ports 25a, 25b for preventing air- f& em bei ng trapped i 1

evacuated space in the sealed tank.

Preferably the vibrator is arranged on or adjacent
the bottom of the cleaning tank.

When the cleaning solution introduced into the
sealed tank is brought into contact with the evacuated space
in the sealed tank, the dissolved gas is released from the
cleaning solution, i.e., the cleaning solution is deaerated.
Accordingly, the cleaning solution can be deaerated highly
accurately in a short period of time without using an
expensive gas separating.membrane module, and the ultrasonic
cleaning apparatus may be relatively small in size. The
ultrasonically cleaning apparatus may use any cleaning
solution as it has no gas separating membrane module and it
does not generate a high-temperature layer in the cleaning
solution. |

The deaerating means may include means for
discharging air from the sealed tank to evacuate the sealed
tank. Such means may comprise a vacuum pump or an ejector
with a valve vented to atmosphere, for example.

' The evacuating means may be connected to an upper
portion of the sealed tank, and the apparatus may further
include means for supplying the cleaning solution to the
sealed tank through a bottom thereof, whereby the cleaning
solution is exposed to the evacuated space in the upper
portion of the sealed tank. As the cieaning solution is

introduced into and accumulated in the sealed tank, the
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sol ution 24.
solution 24 before it is supplied to t
outside of the cleaning tank 22a. The
to the outlet port 25a through a supply condu
port 25b through a supply conduit 27b. The supply conduits.27a. . 27h
jointly serve as a cir- -6 -

-

deaerating th RﬂPé.aﬁEMENT SHEET
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An deaerating device

‘space in the upper portion of the sealed tank is reduced,

and evacuated by the evacuating means connected to the upper
portion of the sealed tank. Therefore, a high vacuum can be
developed in a short period of time, causing the dissolved
gas to be easily released from the cleaning solution into
the space in the upper portion of the sealed tank.

| The deaerating means may include an ultrasonic
vibrator mounted on the bottom of the sealed tank for
radiating ultrasonic energy into the cleaning solution in
the sealed tank. The ultrasoniq energy radiated from the
ultrasonic vibrator into the cleaning solution accelerates
the release of the dissolved gas from the cleaning solution.
The ultrasonic energy radiated by the ultrasonic vibrator
has a frequency which may range from 25 kHz to 1.9 MHz,
preferably from 1.0 MHz to 1.9 MHz. If the frequency of the
ultrasonic energy is lower than 25 kHz, then it produces an
uncomfortable noise. Any ultrasonic vibrator capable of
radiating an ultrasonic energy at a frequency higher than
1.9 MHz is not available at present.

The deaerating means may introduce the cleaning
solution downwardly into the sealed tank from an upper
portion thereof, whereby the cleaning solution is exposed to
the evacuated space in the sealed tank while flowing
downwardly through the sealed tank. While the cleaning
solution is flowing from the upper portion of the sealed

tank downwardly through the sealed tank, the cleaning solu-
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-culatlon system whi ch i ncludes the deaerating device 2 REPLACEMQNWEﬁﬁfat ng
device 28 will be descrlbed |n detal he OM/MAth refer RE

SUS mhose oppo- site ends are hernetically he | s
-7 -

tion is exposed to the evacuated space in the sealed tank
through an increased area of contact. Therefore, any
dissolved gas can easily be discharged from the cleaning
solution.

The evacuating means may include a discharge pipe
extending vertically in the sealed tank and having a
plurality of holes defined in a wall thereof, and means
disposed outside of the sealed tank and connected to the
discharge pipe, for discharging air from the sealed tank,
the discharge pipe having means for preventing the cleaning
solution from being drawn into the discharge pipe through
the holes. The evacuating means can uniformly evacuate the
sealed tank by discharging air from the sealed tank, and the
cleaning solution flows downwardly through the sealed tank
without being drawn by the evacuating means.

The means for preventing the cleaning solution
from being drawn into the discharge pipe may comprise covers
attached to the discharge pipe in overhanging relationship
to the holes, respectively. Since the cleaning solution
flows along the covers, it is effectively prevented from
being drawn into the evacuating means. Air in the sealed
pipe is drawn into the holes through gaps defined between
the discharge pipe and distal ends of the covers.
Therefore, the covers do not obstruct the discharge of air
from the sealed tank.

The evacuating means may include means in the

-_—
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37a i's connected to an upper side wall -of the sealed tank_31 for supplying

the cleaning solution 24, which is
31. A supply punp 32 is connected ifn
punp 32 and the supply conduit 27a
sol ution 24,
seal ed tank 31. . - 8 -
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to be deaerated, through the supp

sealed tank for exposing the cleaning sblution which is
introduced downwardly into the sealed tank to the evacuated
space therein through an increased.area of contact. Since |
the cleaning solution is exposed to the evacﬁated space
through an increased area of contact, the cleaning solution
can be deaerated highly efficiently.

The means in the sealed tank for exposing the
cleaning solution to the evacuated space may comprise a
plurality of vertically spaced partitions dividing the space
in the sealed tank into a plurality of chambers, each of the
partitions having a plurality of small holes. Upon downward
flow of the cleaning solution in the sealed tank, the
cleaning solution is dispersed each time it reaches one of
the partitions, and hence is exposed to the space in the
sealed tank through an increased area of contact. |

The means in the sealed tank for exposing the
cleaning solution to the evacuated space may also compriée a
filler for allowing the cleaning solution to flow on a
surface thereof. While the cleaning solution is flowing
downwardly along the surface of the filler in the sealed
tank, the cleaning solution is exposed to the space in the
sealed tank through an inéreased area of contact. With the
filler used, the cleaning solution remains exposed to the
space in the sealed tank for a period of time loﬂger than if
it were dispersed only by the small holes in the partitionms.

Thus, the cleaning solution can be deaerated highly effi-
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ciently. The filler may preferably be in the form of a
spirally wound net of SUS 6r plastic as'it is inexpensive
and any oily or biological deposits can easily be washed
away for reusing the filler.

The means in the sealed tank for exposing the
cleaning solution to the evacuated space may comprise both a
plurality of vertically spaced partitions dividing the space
in the sealed tank into a plurality of chambers, each of the
partitions having a plurality of small holes, and a filler
disposed in the chambers for allowing the cleaning solution
to flow on a surface thereof. Both the partitions and the
- filler jointly operate to exposé the cleaning solution to
the evacuated space in the sealed tank through an increased
area of contact. The spaced partitions in the sealed tank ‘
also serve to stiffen the sealed tank. Accordingly, even
when the sealed tank is evacuated, the sealed tank is
protected from deformation.

The 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 including circulating means for
circulating the cleaning solution from the outlet port io
the inlet port, the deaerating means being connected in the
circulating means. Since the cleaning solution is
circulated for deaeration, the cleaning solution can be

reused and hence may be consumed in a relatively small
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The seal ed tank 31 can be evacuated by a dis-
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amount.

The deaerating means may include debubbling means
for eliminating bubbles produced in the sealed tank when the
dissolved gas is released from the cleaning solution, the
debubbling means being positioned in a portion of the sealed
tank where the bubbles are produced. Since the bubbles are
eliminated in the sealed tank, they are prevented from being
drawn into the evacuating means. The debubbling means may
comprise an ultrasonic vibrator disposed in an upper portion
of the sealed tank for applying an ultrasonic energy to the
bubbles produced from the cleaning solution. |

The debubbliné means may be connected between the
sealed tank and the means for discharging air. With such an
arrangement, inasmuch as the bubbles are eliminated before
they reach the evacuating means, they are prevented from
being drawn into the evacuating means. The debubbling means
may comprise solid debubblizer which can eliminate the
bubbles upon contact therewith, the solid debubblizer being
shaped not to obstruct the passage of a gas therethrough.
The solid debubblizer may be a silicone-base solid
debubblizer.

Embodiments of the invention will now be described
by way of example and with reference to the accompanying

drawings in which:-

FIG. 1 is a schematic view of an ultrasonic

cleaning apparatus.éccording to an embodiment of the present
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charge pi pe 35 extending axially through an upper end cap 31.m.of the

seal ed tank 31 and the partitions 34 gmi—henree—vertically iin Epgﬂjﬁ%ﬂw@dSHEET
tank 31, and an ejector 36 di sposed oyt STRSBET S Beay ¢d tar“ St—afre
connected to the discharge pipe 35. The—&jeBEBACED servgs tlo é 5€§ g5
air fromthe discharge pipe 35 and has a valve (not shown) &4 1996

at nosphere.

=
D

The di scharge pipe 35 hasia-plurality of hql 4s_37

invention;

FIG. 2 is a schematic view of an ultrasonic
cleaning apparatus according to another embodiment of the
present invention;

FIG. 3 is a cross-sectional view of a deaerating
device of the ultrasonic cleaning apparatus shown in FIG. 2;

FIG. 4 is a cross-sectional view taken along line
IV ~ IV of FIG. 3;

FIG. 5 is an enlarged fragmentary elevational view
of a structure for preventing a cleaning solution from being
drawn; and

FIG. 6 is a cross-sectional view of a modification
of the deaerating device of the ultrasonic cleaning

apparatus shown in FIG. 2.

As shown in FIG. 1, an ultrésonic cleaning
apparatus, generally designated by the reference numeral 1,
according to an embodiment of the present invention has an
ultrasonically cleaning tank 2 with an ultrasonic vibrator 3
mounted on its bottom. A workpiece to be cleaned is
immersed in a cleaning solution 4 supplied to the cleaning
tank 2, and ultrasonic energy is radiated from the
ultrasonic vibrator 3 into the cleaning solution 4 to remove
foreign matter or burrs off the workpiece.

An deaerating device 5 for deaerating the cleaning
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‘defined in its pipe wall at axially spaced intervals. The dRERIASEMENi SHEE RS
also has a plurality of covers 38 attgched its outer surfacé in covering
relationship to the respective hol es [3THISsyfFEye ng th ovmeDEL 19948 oy
ing cleaning solution 24 from bei ng drawn Rnﬁ% fH%PﬁmN:s 7. Afiller
39 is filled in the sealed tank 31 around &char ge pilp i
bet ween the partitions 34. - 12 -

solutibn 4 before it is supplied to the cleaning taﬁk 2 is
disposed outside of the cleaning tank 2. The deaerating
device 5 comprises sealed tanks 6a, 6b for hermetically
sealingly storing the cleaning solution 4, and an evacuating
unit 7 for evacuating the sealing tanks 6a, 6b. The evacuat-
ing unit 7 has a vacuum pump 7a for drawing air from the
sealing tanks 6a, 6b to evacuate them, and two three-way
solenoid-operated valves SV1, SV2 through which the wvacuum
pump 7a is connected to upper ends of the sealing tanks 6a,
6b. |

The cleaning tank 2 has an outlet port 8a in its
side wall for discharging the cleaning solution 4 from the
cleaning tank 2, and an inlet port 8b in its side wall for
supplying the cleaning solution 4 into the cleaning tank 2,
the outlet and inlet ports 8a, 8b being positioned in
diametrically confronting relationship to each other. The
outlet and inlet ports 8a, 8b are connected to each other
through a circulation conduit 9. The circulation conduit 9
has a circulation pump 10 for circulating the cleaning
solution 4 from the outlet port 8a to the inlet port 8b, and
a filter 11 disposed downstream of the circulation pump 10
for filtering out foreign matter or burrs from the cleaning
solution 4. The circulation conduit 9 also has a solenoid-
operated valve SV3 disposed upstream of the cifculation pump

10 and a solenoid-operated valve SV4 disposed downstream of
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The filler 39 is also effective to increase the ar ea T BRtred
the cleaning solution 24 and the sp . 3

may be of any material and structurg
can flow al ong the surface of the fitie S ]
wound net of SUS or plastics id preferable as it

. B &PEL 19361

IS I nexpensi ve and any

oily or biological deposits can eas- ilyipe-washed away for reusing the
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the filter 11. Flow rectifying units (not shown) are dis-
posed in the respective outlet and inlet ports 8a, 8b for

preventing air from being trapped in the cleaning solution
4.

Supply conduits 12a, 12b for introducihg the
cleaning sblution 4 into the sealed tanks 6a, 65 are
connected to the bottoms of the sealed tanks 6a, 6b,
respectively, thrbugh respective solenoid-operated valves
SV5, SV6. The supply conduits 12a, 12b are joined into a
single supply conduit 12 upstream of the sealing tanks 6a,
6b. The supply cbnduit 12 is divided into two conduits 1l2c¢c,
12d upstream of the supply conduits 12a, 12b. The conduit
12¢ is connected through a solenoid-operated valve SV7 to
the circulation conduit 9 at a position between the
circulation pump 1Q and the solenoid-operated valve SV3.

The conduit 12d is connected through a solenoid—opérated
valve SV8 to the circulation conduit 9 at a position between
the filter 11 and the solenoid-operated valve SV4.

| Ultrasonic.vibrators_13a, 13b are mounted on the
respective bottoms of the sealing tanks 6a, 6b for radiating
ultrasonic energy into the cleaning solution 4 in the

. sealing tanks 6a, 6b.

A reserve tank 14 is pbsitioned adjacent to the
'cleaning tank 2 for recei&ing an overflow of cleaning

solution from the cleaning tank 2 and storing a reserve

-39
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cleaning solution 4. The reserve tank 14 houses a heater 15

for keeping the cleaning solution 4 at a constant

temperature. The volume of the reserve tank 14 is greater

than the sum of the volumes of the sealed tanks 6a, 6b.

The

reserve tank 14 is connected to the circulation conduit 9

through a conduit 16 joined to the bottom of the reserve

tank 14. The cleaning tank 2 is connected to the

circulation conduit 9 through a conduit 17 joined to the

bottom of the cleaning

tank 14.

The ultrasonic cleaning apparatus shown in FIG. 1

operates as follows:

First, the cleaning tank 2 is filled with the

cleaning solution 4 which is deaerated, and then the

circulation pump 10 is actuated to circulate the cleaning

solution 4 from the outlet port 8a to the inlet port 8b.

the same time, the ultrasonic vibrator 3 is energized to

At

radiate an ultrasonic energy into the cleaning solution 4.

A workpiece with foreign matter or burrs attached to its

surface is immersed in the deaerated cleaning solution 4 in

the cleaning tank 2. The foreign matter or burrs attached

. to the workpiece are now removed by cavitation which is

generated in the cleaning solution by the ultrasonic energy

radiated from the ultra

sonic vibrator 3.

After the workpiece has been cleaned, it is lifted

out of the cleaning solution 4, and then another workpiece
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to be cleaned is immersed in the cleaning solution 4. When
the above process is repeated to clean a number of
workpieces, the removed_foreign matter or burrs are
accumulaﬁed in the cleaning solution 4; and air is dissolved
into the cleaning solution 4. Since the amount of air dis-
solved in the cleaning solution 4 is increased, the cleaning
solution 4 becomes less liable to be cavitated.

In £he illustrated ultrasonic cleaning apparatus,
while the cleaning solution 4 is being circulated from the
outlet port 8a to the inlét port 8b, the foreign matter or
burrs in the cleaning solution 4 are removed by the filter
11, and the cleaning soluﬁion'4 is introduced into the
sealed tanks 6a, 6b from the circulation conduit 9 through
the supply conduits 12a, 12b. The cleaning solution 4 is
then deaerated in the sealed tanks 6a, Gb;

More specifically, the cleaning solution 4 is
deaerated by the deaerating aevice 5 as follows:

Normally, only the solenoid-operated valves SV3,
SV4 are open, and the solenoid-operated wvalves SV5, SV6,
SV7, SV8 are closed, allowing the cleaning solution 4 to
circulate from the outlet port 8a to the inlet port 8b. To
deaerate the cleaning solution 4, the solenoid-operated
valve SV4 is closed, and the solenoid-operated valves SV5,
SV8 are opened. The three-way solenoid-operated valve SV1

is vented to atmosphere. Since only the solenoid-operated
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valves Sv3, Sv8, SV5 are open, the cleaning soiution 4 is
introduced into the sealed tank 6a through the circulation
conduit 9 and the supply conduits 12d, 12a.

Then, when the cleaning solution 4 is supplied up
to a certain level in the sealed tank 6a, the solenoid-
operated valves SV5, SV8 are closed, and the solenoid-
operated valve SV4 is opened. .The cleaning solution 4 is
now circulated from the outlet port 8a to the inlet port 8b.

Thereafter, the three-way solenoid-operated valve
SVl is opened into commnnicaﬁion with the vacuum pump 7a,
and the vacuum pump 7a is actuated. An upper space 18a in
.the sealed tank 6a, above the level of the cleaning solution
4 therein, is evacuated by the vacuum pump 7a, developing a
high vacuum. As a result, the cleaning solution 4 is
exposed to the evacuated upper space 1l8a, and a dissolved
gas contained in the cleéning-solution 4 is discharged into
the upper space 18a. At this time, the ultrasonic vibrator
13a is actuated to radiate ultrasonic energy-into the
cleaning solution 4 in the sealed tank 6a. When the ultra-
sonic energy is radiated into the cleaning solution 4, the
dissolved gas can easily be discharged into the upper space
18a.

When dlfferent ultrasonic energles were applied to
70 liters of cleaning solution 4, the cleanlng solution 4

was deaerated by the ultrasonic energies as follows:
=
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el ectrostatic capacitance type for detectimng the solutlon level in the
Ultrasonic energy
Not Applied.at Applied at
applied 28 kHz 1.4 MHz

Time required 20 20 20 | 40 20 20

(m) |

Dissolved 2.2 1.8 1.5 0.7 0.8 0.4

oxygen con-

centra- tion

(ppm)

It can be seen from the above table that

ultrasonic energy radiated into the cleaning solution 4 by

the ultrasonic vibrators 13a, 13b in the sealed tanks 6a, 6b

is effective to shorten the time required to deaerate the

cleaning solution 4 and also to lower the dissolved oxygen

‘concentration, because the ultrasonic energy can accelerate

the evaporation and release of the dissolved gas from the

cleaning solution 4.

The ultrasonic energy radiated from the ultrasonic

vibrators 13a, 13b may have a frequency ranging from 25 kHz

to 1.9 MHz, preferably ranging from 1.0 MHz to 1.9 MHz.

If

the frequency of the ultrasonic energy is lower than 25 kHz,
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t he supply

then it produces an uncomfortable noise. Thé& ultrasonic
energy may be effective if its frequency is higher than 1.9
MHz, but ultrasonic vibrators capable of radiating an
ultrasonic energy at.a frequency higher than 1.9 Mhz are not
available at present.

Under normal conditions, the gas that is dissolved
in the cleaning solution 4 is air. Since the composition of
air is constant, the concentration of dissolved gas is
represented by the dissolved oxygén concentration in the
above table.

A predetermined period of time after the above
deaerating process has started, the solenocid-operated valve
SV4 is closed, and the solenoid-operated valves SV6, SV8 are
opened. The three-way solenoid-operated valve SV2 is vented
to atmosphere. Since only the solenoid-operated valvés sv3,
Sv8, SV6 are open, the cleaning solution 4 is introduced
into the sealed tank 6b through the circulation conduit 9
and the supply conduits 12d, 12b.

Then, when the cleaning solution 4 is supplied up
to a certain level in the sealed tank 6b, the solenoid-
operated valves SV6, SV8 are closed, and the solenoid-
operated valve SV4 is-opened. The cleaning solution 4 is
now circulated from the outlet port 8a to the inlet port 8b.

Thereafter, the three-way solenoid-operated valve

SV2 is opened into communication with the vacuum pump 7a,
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and the vacuum pump 7a is actuated. An upper space 18b in
the sealed tank 6b is evacuated to deaerate the cleaning
solution 4 in the sealed tank 6b. At the same time, the
ultrasonic vibrator 13b is actuated to release dissolved gas
into the upper space 18b at an accelerated rate.

After the cleaning solution 4 in the sealed tank
6a has been deaerated, the solenoid-operated valves SV3, SV8
are closed, the solenoid-operated valves SV5, SV7 are
opened, and the three-way solenoid-operated valve SV1 is
vented to atmosphere. The cleaning solution 4 is now drawn
out of the sealed tank 6a by the circulation pump 10, and
flows through the supply conduits 12a, 12c¢ and the
circulation conduit 9 back into the cleaning tank 2 from the
inlet port 8b.

When the cleaning solution 4 is removed from the
sealed tank 6a, the solenoid-operated valves SV5, SV7 are
closed, and the solenoid-operated valve SV3 is opened to
allow the cleaning solution 4 to circulate from the outlet
port 8a to the inlet port 8b. Upon completion of the
deaerating process in the other sealed tank 6b, the vacuum
pump 7a is deactivated the solenoid-operated valve SV3 is
closed, the solénoid-operated valves SV6, SV7 are opened,
and the three-way solenoid-operated valve SV2 is vented to
atmosphere. The deaerated cleaning solution 4 now returns

from the sealed tank 6b to the cleaning tank 2. Thereafter,
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the solenoid-operated valves Sv6, SV7 are closed, and the
solenoid-operated valve SV3 is opened, permitting the
cleaning solution 4 to circulate from the outlet port 8a to
the inlet port 8b.

In the above embodiment, the cleaning solution 4
may be deaerated continuously or intermittently depending on
the amount of a gas dissolved in the cleaning solution 4, so
that the amount of the dissolved gas may be controlled to
achieve a concentration best suited to cavitate the cleaning
solution 4. The deaerating process may be automatically
carried out by programming the operation of the solenoid-
operated valves SV1 through SV8. Since the process of
ultrasonically cleaning workpieces can be continued while
the cleaning solution 4 is being deaerated, the workpieces
ﬁay be cleaned uniformly. While only two sealed tanks 6a,
6b are illustrated in FIG. 1, more sealed tanks may be em-
ployed for deaerating the.cleaning solution 4 more
efficiently.

FIG. 2 schematically shows an ultrasonic cleaning
apparatus according to another embodiment of the present
invention.

As shown in FIG. 2, the ultrasonic cleaning
apparatus, generally designated by the reference numeral 21,
has an ultrasbnically cleaning tank 22a with an ultrasonic

vibrator 23 mounted on its bottom. A workpiece to be
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cleaned is immersed in a cleaning solution 24 supplied to
the cleaning tank 22a, and ultrasonic energy is radiated
from the ultrasonic vibrator 23 into the cleaning solution
24 to remove foreign matter or bﬁrrs off the workpiece. The
ultrasonic cleaning apparatus 21 employs tap water
containing 10 % of a nonionic surface active agent detergent
as the cleaning solution 4

The cleaning tank 22a has an outlet port 25a in
its side wall for discharging the cleaning solution 24 from
the cleaning tank 22a, and an inlet port 25b in its side
wall for supplying the cleaning solution 24 into the
cleaning tank 22a, the outlet and inlet ports 25a, 25b being
positioned in diametrically confronting relationship to each
other. Flow rectifying units (nd% shown) are disposed in
the respective outlet and inlet ports 25a, 25b for
preventing air from being trapped in the cleaning solution
24.

An deaerating device 28 for deaerating the
cleaning solution 24 before it is supplied to the cleaning
tank 22a is disposed outside of the cleaning tank 22a. The
deaerating device 28 is connected to the outlet port 25a
through a supply conduit 27a and also to the inlet port 25b
through a supply conduit 27b.

The supply conduits 27a, 27b jointly serve as a

circulation system which includes the deaerating device 28.
/
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The deaerating device 28 will be described in
detail below with reference to FIG. 3. FIG. 3 shows the
deaerating device 28 in cross section.

As shown in FIG. 3, the deaerating device 28 has a
sealed tank 31 in the form of a pipe of SUS whose opposite
ends are hermetically closed. The supply conduit 27a is
connected to an upper side wall of the sealed tank 31 for
supplying the cleaning solution 24, which-is to be
deaerated, into the sealed tank 31. A supply pump 32 is con-
nected in the supply conduit 27a. The supply pump 32 and
"the supply conduit 27a jointly serve to introduce the
cleaning solution 24, to be deaerated, through the supply
conduit 27a into the sealed tank 31.

The sealed tank 31 houses a plurality of axially
spaced partitions 34 which divide the interior space of the
sealed tank 31 into a vertical array of chambers, each of
the partitions 34 having a number of small holes 33 defined
therein. The partitions 34 serve to increase the area of
contact between the cleaning solution 24 and the space in
the sealed tank 31. When the cleaning solution 24 is
introduced into the sealed tank 31 through the supply
conduit 27a by the supply pump 32, the cleaning solution 24
flows through the small holes 33 in the partitions 34
downwardly in the sealed tank 31.

The sealed tank 31 can be evacuated by a discharge

/
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pipe 35 extending axially through an upper end cap 3la of
the sealed tank 31 and the partitions 34 and hence
vertically in the sealed tank 31, and an ejector 36 disposed
outside of the sealed tank 31 and connected to the discharge
pipe 35. The ejector 36 serves to discharge air from the
discharge pipe 35, and has a valve (not shown) vented to
atmosphere.

The discharge pipe 35 has a plurality of holes 37
defined in its pipe wall at axially spaced intervals. The
discharge pipe 35 also has a plurality of covers 38 attached
its outer surface in covering relationship to the respective
holes 37 for preventing-the downwardly flowing cleaning so-
lution 24 from being drawn into the holes 37.

A filler 39 is filled in the sealed tank 31 around
the discharge pipe 35 in spaces between thé partitions 34.
The filler 39 is also effective to increase the area of .
contact between the cleaning solution 24 and the space in
the sealed tank 31. The filler 39 may be of any material
and structure insofar as the.cleaning solution 24 can flow
along the surface of the filler 39. For example, a spirally
wound net of SUS or plastiés is preferable as it is
inexpensive and any oily or biological deposits can-easily
be washed away for reusing the filler 39.

The supply conduit 27b is connected to a lower

side wall of the sealed tank 31 near the bottom thereof. A
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supply pump 40 is connected in the supply conduit 27b. The
supply pump 40 and the supply conduit 27b jointly serve to
deliver the deaerated cleaning solution 24 through the
supply conduit 27b to the cleaning tank 222a.
A communication pipe 41 interconnecting upper and

lower spaces in the sealed tank 31 is disposed outside of

~ and extends along the sealed tank 31. The sﬁpply conduits
27a, 27b open respectively into the upper and lower spaces
that are interconnected by the communication pipe 41. The
commnnicaﬁion pipe 41 has two spaced level switches 42a, 42b
of the electrostatic capacitance typé for detecting the
solution level in the sealed tank 31 with floats that
vertically move in unison with the solution level in the
sealed tank 31. These level switches 42a, 42b are
electrically connected to a deaeration controller 43. The
deaeration controller 43 is electrically connected to the
supply pumps 32, 40. When a predetermined upper limit po-
sition for the solution level in the sealed tank 31 is
detected by the level switch 42a, the deaeration controller
43 deactivates the supply pﬁmp 32 and activates the supply
pump 40 to discharge the deaerated cleaning solution 24 from
the sealed tank 31 and supply it through thé supply conduit
27b to the cleaning stank 22a. When a predetermined low
limit position for the solution level in the sealed £ank 31

is detected by the level switch 42b, the deaeration
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controller 43 deactivates the supply pump 40 and activates
the supply pump 32 to introduce the cleaning solution 24, to
be deaerated, into the sealed tank 31.

An ultrasonic vibrator 44 is attached to an upper
wall surface of the sealed tank 31 for eliminating bubbles
which may be produced when a dissolved gas is discharged
particularly if the cleaning solution 24 contains a
detergent such as a surface-active agent.

As shown in FIG. 2, a reserve tank 22b is
positioned adjacent to the cleaning tank 22a for receiving

' an overflow of cleaning solution from the cleaning tank 22a
when a workpiece is immersed in the cleaning'solution 24 in
the cleaning tank 22a. Discharge conduits 29a, 29b are
connected to the bottons, respectivély, of the cleaning tank
22a and the reserve tank 22b. The discharge conduits 29a,
29b are connected to the supply conduit 27a upstream of the
supply pump 32.

The conduits 27a, 27b, 29a, 29b have flow
regulating valves for regulating the rates of the cleaning
solution 24 flowing therethrough.

Operation of the ultrasonic cleaning apparatus 21
will be described below.

The deaerated cleaning solution 24 is filled in
the cleaning taﬂk 22a, and the ultrasonic vibrator 23 is

actuated to remove foreign matter or burrs from a workpiece
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which is immersed in the cleaning solution 24 in the
cleaning tank 22a. Since repetition of the cleaning process
results in an increaée in the amount of dissolved gas in the
cleaning solution 24, the cleaning solution 24 is supplied
through the supply conduit 27a to the sealed tank 31 by the
supply pump 32. After the cleaning solution 24 has been
deaerated in the sealed tank 32, it is discharged from the
sealed tank 32 by the supply pump 40, and returned through
the supply conduit 27b to the cleaning tank 22a.

The deaerating device 28 deaerates the cleaning
solution 24 as follows:

The cleaning solution 24 drawn from the cleaning
tank 22a is introduced into the sealed tank 31 through the
supply conduit 27a by the supply pump 32. At this time, the
sealed tank 31 has been evacuated through the discharge pipe
35 by the ejector 36. Inasmuch as the discharge pipe 35 ex-
tends vertically and the holes 33 are defined in its wall,
the sealed tank 31 may be evacuated uniformly to a pressure
level of aboﬁt - 650 mmHg.

The cleaning solution 24 supplied to the sealed
tank 31 flows downwardly while being exposed to the
evacuated space in the sealed tank 31. Therefore, any
dissolved gas is released from the cleaning solution 24

while it is flowing downwardly through the discharge pipe

35. —_—

This Sheet 4

W



- 13-

t he di scharge pipe 35 by the ejector 36.

‘THIS SHEET HAS BEEN
REPLACED

- 27 -

The partitions 34 in the sealed tank 31 will be
described below with reference to FIG. 4.

As shown in FIG. 4, the small holes 33 are defined
in each of the partitions 34 around the discharge pipe 35.
Therefore, the cleaning solution 24 int¥oduced into the
sealed tank 31 is dispersed by the small holes 33 while
flowing down the sealed tank 31. The cleaning solution 24
is thus exposed to the space in the sealed tank 31 through a
large area of contact, and the dissolved gas can efficiently
be released from the cleaning solution 24. Inasmuch as the
cleaning solution 24 also flows along the surface of the
filler 39 filled between the partitions 34, the cleaning
solution 24 is further exposed to the.space in the sealed
tank 31 through an increased area of contact. The cleaning
solution 24 is exposed to the space in the sealed tank for a
longer period of time than would be if it weré not for the
filler 39. Consequently, the dissolved gas is discharged
from the cleaning solution 24 at an accelerated fate with a
high deaeration efficiency.

The cleaning solution 24 flowing down the filler
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 dissolved gas can be released from the cleaning solution

24 highly efficiently. The axially spaced partitions 34 in
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the sealed tank 31 also serve to stiffen the sealed tank 31.
Accordingly, even when the sealed tank 31 is evacuated,'the
sealed tank 31 is protected from deformation.

The holes 37 in the discharge pipe 35 confront the
filler 39, and might draw in the cleaning solution 24 which
flows down the filler 39. However, the éleaning solution 24
is prevented from being drawn into the discharge pipe 35 by
the covers 38 which cover the holes 37.

lThe covers 38 will be described in more detail
with reference to FIG. 5.

As illustrated in FIG. 5, the covers 38 are
attached at upper ends thereof to the discharge pipe 35 and
extend downwardly in overhanging relationship to the holes
37, leaving gaps 37a between the discharge pipe 35 and the
lower ends of the covers 38. The gas in the sealed tank 31
is drawn into the discharge pipe 35 through the gaps 37a,
whereas the cleaning solution 24 which flows downwardly is
prevented by the covers 38 from being drawn into the
discharge pipe 35.

The cleaning solution 24 thus deaerated is
accumulated in the sealed tank 31, and its level gradually
increases as more cleaning solution 24 is deaerated. When
the level of the cleaning solution 24 increases in the |
sealed tank 31, it enters the discharge pipe 35, but is not

drawn by the ejector 36.
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Since the cleaning solution 24 contains a surface
active agent, it is bubbled violently as the dissolved gas
is discharged, and bubbles fill up the sealed tank 31.
Since these bubbles will not easily be eliminated
automatically, they will move upwardly as the level of the
cleaning solution 24 goes upwardly, and might eventually be
drawn into the ejector 36. However, the bubbles can be
eliminated by the ultrasonic energy radiated from the
ultrasonic vibrator 44 mounted on the upper inner wall
surface of the sealed tank 31.

When the level of the accumulated cleaning
solution 24 in the sealed tank 31 reaches a predetermined
upper limit position, the level switch 42a in the
communication pipe 41 sends a detected signal to the
deaeration controller 43. In response to the detected
signal from the level switch 42a, the deaeration controller
43 deactivates the supply pipe 32 and actuates the supply
pump 40. As a result, the deaerated cleaning solution 24
that is accumulated in the sealed tank 31 is supplied
through the supply conduit 27b to the cleaning tank 22a by
the supply pump 40.

When the deaerated cleaning solution 24 is thus
supplied to the cleaning tank 22a, the level of the cleaning
solution 24 in the sealed tank 31 descends and reaches a

predetermined lower limit position. Then, the level switch
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42b sends a detected signal to the deaeration controller 43,

which stops the supply pump 40 and activates the supply pump
32. The cleaning solution 24, to be deaerated, is now
introduced into the sealed tank 31 through the éupply
conduit 27a,.and the deaerated cleaning solution 24 starts
being accumulated in the sealed tank 31.

Consequently, each time a certain amount of
deaerated cleaning solution 24 is accumulated in the éealed
tank 31, it is automatically supplied to the cleaning tank
22a. When the supply of the deaerated cleaning solution 24
to the cleaning tank 22a is finished, the deaerated cleaning
solution 24 automatically starts to be accumulated in the
sealed tank 31. The level of the cleaning solution 24 in
the sealed tank 31 is thus prevented from rising excessively
into the ejector 36. The deaerated cleaning solution 24 can
also be supplied efficiently to the cleaning tank 22a.

In this embodiment, only one deaerating device 28
is connected to the cleaning tank 22a. However, a plurality
of deaerating devices 28 may be connected parallel to each
other, and may be actuated one after another to supply the
deaerated cleaning solution 24 uninterruptedly to the clean-
ing tank 22a.

FIG. 6 shows a modification of the deaerating
device 28.

In FIG. 6, a debubbling tank 45 is connected
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sealed tank for a |l onger period of tinme than would be

the filler 39. Conse- quently, the dissolved gas is dis
clean- ing solution 24 at an accel erlaTB SHEEE WAS by Qi
efficiency. The cl eani ng sol uti gn 24 REBVACED down |t
di spersed by the snmall holes 33 each tén®lit reaches

arged fromthe
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between the discharge pipe 35 in the sealed tank 31 and the
ejector 36. The debubbling tank 45 houses a silicone-base
solid debubblizer (UNFALL MT-9,.manufactured by Daiichi
Seiyaku Co., Ltd.) which is shaped not to obstruct the

| passage of a gas through the debubbling tank 45. Even if
bubbles produced when the dissolved gas is released from the
cleaning solution 24 are drawn from the discharge pipe 35
toward the ejector 36, they are eliminated by contact with
the solid debubblizer in the debubbling tank 45, and hence
prevented from being drawn into the ejector 36. The
ultraéonic vibrator 44 shown in FIG. 3 is dispensed with,
but may be disposed in the upper space in the sealed tank
31l. The other structural details of the modified deaerating

" device shown in FIG. 6 are the same as the deaerating device
28 shown in FIG. 3.

Although certain preferred embodiments of the pre-
sent invention have been shown and described in detaii, it
should be understood that various changes and modifiéations
may be made therein without departing from the 5cope of the

appended claims.
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CLAIMS

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 sealéd tank for
being supplied with the cleaning solution from said cleaning
tank, and evacuating means for evacuating said sealed tank
to release dissolved gas froﬁ the cleaning solution supplied
to said sealed tank and exposed to an evacuatéd 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 comprisiﬁg means for.supplying the
cleaning solution t§ 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.

T m—
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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

frequency in the range from 25 KHz to 1.9 MHz.

5. An apparatus according to claim 1, wherein séid
deaerating means comprises means for introducing the
cleaning solution downwardly into said sealed tank from an
upper portion thereof, whereby the éleaﬁing 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
verticaliy 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 preventihg the cleaning solution from

being drawn into said discharge pipe through said holes.
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31 is evacuated, the sealed tank 31 is
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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 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 expoéing the cleaning solution
to an increased contact area comprises a plurality of ver-
tically spaced partitions dividing the space in the sealed
tank into a plufality of chambers, each of said partitions

having a plurality of small holes.

10. An apparatus according to claim 8 or 9,
wherein said means in said sealed iank for exposing the
cleaning solution to an incleased contact area comprises a
filler for allowing the cleaning solution to flow on a

surface thereof.
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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 said sealed tank when the
dissolved gas is released from said cleaning solutibn, said
debubbling means being ppsitioned-in a portion of said

- sealed tank where said bubbles are produced.
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14. An apparatus according to any oné—ef~the—
preceding claims, wherein said evacuating means comprises
means for discharging air from said sealed tank to evacuate

the sealed tank.

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 solution from said cleaning tank, and eéacuating
means for evacuating said sealed tank to release dissoleved
gas from the cleaning solution supplied to said sealed tank

and exposed to an evacuated space in said sealed tank.

' This Sheet Has Bééﬁkepiééed

(T




i's nof drawn by the ejector 36. Since the cleaning solution 24 contains
a surface active agent, it is bubbled violently as the
di scharged, and bubbles fill up thg Tseskg 31l Si
will not easily be elimnated auto i o i

he | | of : _ Ve UPWar ary |as
the |l evel of the cleaning solution 24 and Imi ~lallly
be drawn into the ejector 36. Fbmever,-tg¢ bubbles gQ;DEt@ﬂbg

ABSTRACT

ULTRASONIC CLEANING APPARATUS

A workpiece is immersed in a cleaning solution (4)
in a cleaning tank (2). The cleaning tank (2) has an
ultrasonic vibrator (3) disposed on its bottom for radiating
an ultrasonic energy into the cleaning solution (4) to
remove foreign matter or burrs off the workpiece. A
deaerating device (5) is connected to said cleaning tank (2)
for supplying a deaerated cleaning solution (4) to said
cleaning tank (2). The deaerating device (5) compriSes a
sealed tank (6a, 6b) for being supplied with the cleaning
solution (4) from said cleaning tank (2). A vacuum pump Or
ejector (7a) is connected to the sealed tank (6a,6b) to
evacuate said sealed tank (6a,6b) to release a dissolved gas
from the cleaning solution which is supplied to said sealed
tank (6a,6b) and'exposéd to an evacuated space (18a,18b) in

said sealed tank (6a,6b).

FIGURE 1.

This Sheet Has Been Replaced




can be elim nated by the ultrasoni c energy radi at ed

l

FIG:

THIS SpER

REPL

ACED

-9

REPLACEMENT SHEET

06 DEC 199

SV3
Sv7

1.
‘-; 0
| = ©
el @ I
S
(D\-

\'I‘\_..\ -~
t N
/r - .
- . (oo}
rmea—wewnuad s S
] N = >
w) o W
@ 9: 1 8,
. N
N 2 o o s
) © 0 2] -
p—
H §
I ‘
I I
1 ! t
! AN i
I’ | e — |
Il { ‘0 ]
}l } Ne o N ;
| e ({a) -
I SR © n 3 |
| Z ) (
i | '
:1 | R S a S5SS ‘
i r L !
1 | ‘
O i
TS I N — R |
1 I ' '
1
Ll:':l'_.-:::::!..___ l

&

|0

I2¢

This Sheet Has Been Replaced




- 15 - fromthe ultrasoni Hfﬁ"
ic vib 44
surface of the sealed tank 31. rator THrsr;Zum o ik he LACHWW SWEH
, ‘SHERT
REPL 4o PEEN
06 DEC 1996
2
N
< )
C N 2
( 3 o

25a

2|
-
/
0 22¢a
)
274a

FIG. 2

is Sheet Has Been Replaced

\\IIII\| M



Whien the |evel of the accumul ated cl eani ng sol u-
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24 that is accunulated in the sealed tank 31 is supplied
supply conduit 27b to the cleaning tapk 22a by the supp
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sealed tank 31, it is automatically supplied to the cl ean-
When the supply of the deaerated clean- ing solution 24
tank 22a is finished, the deaerated cleaning solution 24\aUromereaty:
starts to be accumulated in the sealed tank 31. The |evell"§f"the cl'egh
sol uti or—24—nthe seared tank 31 is thus pre- vented frofifT ithgAN

-1 -
ULTRASONIC CLEANING APPARATUS

Description

The present invention relates to an apparatus for
ultrasonically cleaning a workpiece, and more particu-
larly to an ultrasonically cleaning apparatus having an
ultrasonic vibrator mounted on the bottom of a cleaning
tank for radiating an ultrasonic energy into a cleaning
solution supplied to the cleaning tank to remove foreign
matter or burrs off a workpiece immersed in the clean-
ing solution. More specifically, the present invention is
concerned™with an ultrasonically Cleaning apparatus
having a deaerating device for deaerating a cleaning

- solution to supply a deaerated cleanmg solutlon o a
cleaning tank.

Heretofore, there are known ultrasonically cleaning
apparatus having a cleaning tank with an ultrasonic
vibrator mounted on its bottom. After the cleaning tank
has been supplied with a cleaning solution, ultrasonic
energy is radiated from the ultrasonic vibrator into the
uitrasonic solution to clean a worlpiece immersed in the
cleaning solution. When yltrasonic energy is radiated
from the ultrasonic vibrator into the cleaning solution,
the cleaning solution is cavitated, and the workpiece is
exposed to shock waves or microjets that are produced
when the cavitation is collapsed. Foreign matter or burrs
can be removed from the workpiece by those shock
waves or microjets. For efficiently cleaning worlpieces,
it is necessary to provide conditions which facilitate the
generation of the cavitation in the cleaning solution. It is
known that the cleaning solution can be cavitated more
easily if the concentration of a gas dissolved in the
cleaning solution is lower. If the concentration of a gas



efficiently to the cleaning tank 22a.
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dissolved in the cleaning solution in too high, then the
dissolved gas is converted into bubbles by the ultrasonic
energy radiated by the ultrasonic vibrator, and the
cleaning solution is lens cavitated as the ultrasonic
energy is absorbed by the bubbles.

It is important, therefore, to control the amount of a
gas dissolved in the cleaning solution. There have been
proposed various deaerating Wevices for supplying a
deaerated cleaning solution to the cleaning tank. One
known-deaerating device has a boiling tank for boiling
the cleaning solution to release any dissolved gas from
the cleaning solution. In another conventional deaerat-
ing device, a high-temperature layer is produced in a
deaerated cleaning solution in the vicinity of its surface
in the cleaning tank, thus generating a low-temperature
layer below the high-temperature layer. Because air is
dissolved into the cleaning solution at different rates at
different solution temperatures, the high-temperature

layer is effective to prevent air from being dissolved into

the cleaning solution, thereby keeping the cleaning
solution deaerated in the low-temperature layer. Still
another prior deaerating device has a hollow fibrous gas
separating membrane module. While a cleaning solu-
tion is flowing through the hollow fibrous membranes,
the pressure outside the hollow fibrous membranes is
lowered to draw any dissolved gas from the cleaning
solution out of the hollow fibrous membranes, thus
deaerating the cleaning solution.

However, the known deaerating devices suffer vari-
ous problems.

Specifically, the deaerating device with the bailing
tank is relatively large in size and taken a long period of
time to deaerate the cleaning solution. This type of
deaerating device is not practical as the deaerating
accuracy is not high.
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In this enbodi nent, only one deaerating device 28

REPLACEMENT SHEET

24 JAN 1998

- 3 -

The deaerating device which forms high- and low-
temperature layers in the cleaning solution is not suita-
ble for use with cleaning solutions that contain a soivent
of low boiling point because of the high-temperature
layer that must be generated.

The deaerating device with the gas separating
membrane module is disadvantageous in that the hol-
low fibrous membranes are expensive and open to
aftack By certain solvents such as higher alcohols.
Therefore, the deaerating device of this type can use
only a limited range of cleaning solutions. Furthermore,

the effectiveness of the hollow fbrous membranes is
lowered quickly when oily substances are attached to °

* the hollow fibrous membranes. or biological membranes

are deposited thereon due to the growth of microorgan-
isms. o

it is known from JP-A-2 233 190 to provide appara-
tus for ultrasonically cleaning a workpiece, comprising:

~ a cleaning tank for storing a cleaning solution therein,

said cleaning tank having an ultrasonic vibrator dis-
posed 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 includ-
ing means disposed outside of said sealed tank for dis-
charging air therefrom, for evacuating said sealed tank
to release dissolved gas from the cleaning solution sup-
plied to said sealed tank and exposed to an evacuated
space in said sealed tank.




I's connected to the cleaning tank 22a. However,

a plu- rality of deaerating

devi ces 28 may be connected paral- lel to each other, and nay be actuated
one after another to supply the deaerated cl eaning sol utloﬁlp%ﬁ, HEEAREET SHEET

ruptedly to the cleaning tank 22a. FIG 5 shows a nodiff
deaerating device 28. In FIG 5, a debubbling tank 45 is connected
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US-A-4 193 818 discloses apparatus for cleaning
surgical instruments inciuding a cleaning tank for con-
taining cleaning liquid, with a void space above the sur-
face of the liquid which is evacuated. The liquid is
subjected to uitrasonic energy.

GB-A-2 192 348 discloses degassing apparatus for
" removing extraneous gas from water used as an ingre-
dient in beverage production. The apparatus has a plu-
rality of vertically spaced foraminous sheets through
which liquid trickles whilst being subjected to a vacuum.
The vacuum is created by the removal of air via an out-
let at the top of the degassing chamber.

it is an object of the invention to provide an ultra-
sonic cleaning apparatus with a deaerating device of the
kind disclosed in JP-A-2 233 190 that may be relatively
small in size, inexpensive, may be used with various dif-
ferent cleaning solutions, and may deaerate a cleaning
solution accurately within a short period of time.

The present invention is characterised in that said
deaerating means comprises means for introducing the
cleaning salution 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 therethrough, and in that said
evacuating means comprises a discharge pipe extend-
ing vertically in said sealed tank and having a plurality of
holes defined in a wall thereof, the discharge pipe being

connected to the air discharging means disposed out-
side of said sealed tank.

Preferably the vibrator is arranged on or adjacent
the bottom of the cleaning tank.



bet ween the di scharge pipe 35 in the sealed tank 31 and the ejector 36. The
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While the cleaning solution is flowing from the
upper portion of the sealed tank downwardly through
the sealed tank, the cleaning solution is exposed to the
evacuated space in the sealed tank through an
increased area of contact. Therefore, any dissolved gas
can easily be discharged from the cleaning solution.

The means for discharging air from the sealed tank
to evacuate the sealed tank may comprise a vacuum
pump.or an ejector with a valve vented to atmosphere,
for example. |

The discharge pipe may have means for preventing
the cleaning solution from being drawn into the dis-
charge pipe through the holes. The evacuating means
can uniformly evacuate thq sealed tank by discharging
air from the sealed tank, and the cleaning solution flows
downwardly through the sealed tank without being
drawn by the evacuating means.

The means for preventing the cleaning solution
from being drawn into the discharge pipe may comprise
covers attached to the discharge pipe in overhanging
relationship to the holes, respectively. Since the clean-
ing sofution flows along the covers, it is effectively pre-

. vented from being drawn into the evacuating means. Air
in the sealed pipe is drawn into the holes through gaps
defined between the discharge pipe and distal ends of
the covers. Therefore, the covers do not obstruct the
discharge of air from the sealed tank.

The evacuating means may include additional
means in the sealed tank for exposing the cleaning solu-
tion which is introduced downwardly into the sealed
tank to the evacuated space therein through an
increased area of contact. Since the cleaning solution is
exposed to the evacuated space through an increased
area of contact, the cleaning solution can be deaerated



are elimnated by contact wth the solid debubblizer in the debubbling tank

45, and hence prevented from being drawn into the ejector 36.

The

ultrasonic vibrator 44 shown in FIG 2 is dispensed with, byt
posed in the upper space in the sealed tank 31. The other stir
details of the nodified deaerating device shown in FIG 5 are
t he deaerating device 28 shown in FIG 4.
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highly efficiently.

The means in the sealed tank for exposing the
cleaning solution to the evacuated space may comprise
a plurality of vertically spaced partitions dividing the
space in the sealed tank into a plurality of chambers,
each of the partitions having a plurality of small holes.
Upon downward flow of the cleaning solution in the
sealed tank, the cleaning solution is dispersed each
time it reaches one of the partitions, and hence is
exposed to the space in the sealed tank through an
increased area of contact.

The means in the sealed tank for exposing the
cleaning solution to the evacuated space may also com-
prise a filler for allowing the cleaning solution to flow on
a surface thereof. While the cleaning solution is flowing
downwardly along the surface of the filler in the sealed
tank, the cleaning solution is exposed to the space in
the sealed tank through an increased area of contact.
With the filler used, the cleaning solution remains
exposed to the space in the sealed tank for a period of
time longer than if it were dispersed only by the small
holes in the partitions. Thus, the cleaning solution can
be deaerated highly efficiently. The filler may preferably
be in the form of a spirally wound net of SUS or plastic
as it is inexpensive and any oily or biological deposits
can easily be washed away for reusing the filler.

The means in the sealed tank for exposing the
cleaning solution to the evacuated space may comprise
both a plurality of vertically spaced partitions dividing
the space in the sealed tank into a plurality of chambers,
each of the partitions having a plurality of small holes,
and a filler disposed in the chambers for allowing the
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cleaning solution to the evacuated space in the sealed

“tank through an increased area of contact. The spaced
partitions in the sealed tank also serve to stiffen the
sealed tank. Accordingly, even when the sealed tank is
evacuated, the sealed tank is protected from deforma-
tion.

The 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 including circulating means for circulating
the cleaning solution from the outlet port to the inlet
port, the deaerating means being connected in the cir-
culating means. Since the cleaning solution in circulated
for deaeration, the cleaning solution can be reused and
hence may be consumed in a relatively small amount.

The deaerating means may include debubbling
means for eliminating bubbles produced in the sealed
tank when the dissolved gas is released from the clean-
ing solution, the debubbling means being positioned ina
portion of the sealed tank where the bubbles are pro-
duced. Since the bubbles are eliminated in the sealed
tank, they are prevented from being drawn into the evac-
uating means. The debubbling means may comprise an
ultrasonic vibrator disposed in an upper portion of the
sealed tank for applying an ultrasonic energy to the bub-
bles produced from the cleaning solution.

The debubbling means may be connected between
the sealed tank and the means for discharging air. With
such an arrangement, inasmuch as the bubbles are
eliminated before they reach the evacuating means,
they are prevented from being drawn into the evacuating
means. The debubbling means may comprise solid
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debutblizer which can eliminate the butbies upon con-
tact therewith, the solid debubblizer being shaped not to
obstruct the passage of a gas therethrough. The solid
debutblizer may be a silicone-base solid debutblizer.

Embodiment of the invention will now be described
by way of example and with reference to the accompa-
nying drawings in which:- |

FIG. 1 is a schematic view of an ultrasonic cleaning
.apparatus according to an embodiment of the
present invention:;

FIG. 2 is a cross-sectional view of a deaerating
device of the ultrasonic cleaning apparatus shown
in FIG. 1; _

FIG. 3 is a cross-sectional view taken along fine Il -
Il of FIG. 2; '

FIG. 4 is an enlarged fragmentary elevational view
of a structure for preventing a cleaning solution
from being drawn; and

FIG. S is a cross-sectional view of a modification of
the deaerating device of the ultrasonic cleaning
apparatus shown in FIG. 1.

FIG. 1 schematically shows an ultrasonic cleaning
apparatus according to another embodiment of the
present invention.

As shown in FIG. 1, the ultrasonic cleaning appara-
tus, generally designated by the reference numeral 21,
has an ultrasonic cleaning tank 22a with an ultrasonic
vibrator 23 mounted on its bottom. A workpiece to be
cleaned is immersed in a cleaning solution 24 supplied
to the cleaning tank 22a, and ultrasonic energy is radi-
ated from the ultrasonic vibrator 23 into the cleaning
solution 24 to remove foreign matter or burrs off the
workpiece. The ultrasonic cleaning apparatus 21



Clains 1. Apparatus (21) for ultrasonically cleaning a work- pi ece,

conpri si ng:
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employs tap water containing 10 % of a nonionic sur-
face active agent detergent as the cleaning solution 4

The cleaning tank 22a has an outlet port 25a in its
side wall for discharging the cleaning solution 24 from
the cleaning tank 22a, and an inlet port 25b in its side
wall for supplying the cleaning solution 24 into the
cleaning tank 22a, the outiet and inlet ports 25a, 250
being positioned in diametrically conironting relation-
ship to each other. Flow rectifying units (not shown) are
disposed in the respective outlet and inlet ports 23a,
25b for preventing air from being trapped in the cleaning
solution 24.

An deaerating device 28 for deaerating the cleaning
solution 24 before it is supplied to the cleaning tank 22a
is disposed outside of the cleaning tank 22a. The deaer-
ating device 28 is connected to the outlet port 25a
through a supply conduit 27a and also to the inlet port

25p through a supply conduit 27b.

The supply conduits 27a, 27b jointly serve as a cir-
culation system which includes the deaerating device
28.

The deaerating device 28 will be described in detail
below with reference to FIG. 2. FIG. 2 shows the deaer-
ating device 28 in cross section.

As shown in FIG. 2, the deaerating device 28 has a
sealed tank 31 in the form of a pipe of SUS whosea oppo-
site ends are hermetically closed. The supply conduit
27a is connected to an upper side wall of the sealed
tank 31 for supplying the cleaning solution 24, which is
to be deaerated, into the sealed tank 31. A supply pump
32 is connected in the supply conduit 27a. The supply
pump 32 and the supply conduit 27a jointly serve to
introduce the cleaning solution 24, to be deaerated,
through the supply conduit 27a into the sealed tank 31.



a cleaning tank (22a) for storing a cleaning
sai d cl eani ng tank havi ng

solution (24) therein,

an ultrasonic vibrator (23) disposed

t herei.n for radi ati ng ultrasonic energy into the_cleani.ng

solution to renove foreign matter, burrs or the

vior kpi ece i ”Mmersed in the cleaning sol ution;

means (28) connected to said

and
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The sealed tank 31 can be evacuated by a dis-
charge pipe 35 extending axially through an upper end
cap 31m of the sealed tank 31 and the partitions 34 and
hence vertically in the sealed tank 31, and an ejector 36
disposed outside of the sealed tank 31 and connected
to the discharge pipe 3S. The ejector 36 serves to dis-
charge air from the discharge pipe 35, and has a valve
(not shiown) vented to atmosphere.

The discharge pipe 35 has a plurality of holes 37
defined in its pipe wall at axially spaced intervals. The
discharge pipe 3S also has a plurality of covers 38
attached its duter surface in covering relationship to the
respective holes 37 for preventing the downwardly flow-
ing cleaning solution 24 from being drawn into the holes
37.

A filler 39 is filled in the sealed tank 31 around the
discharge pipe 35 in spaces between the partitions 34.
The filler 39 is also effective to increase the area of con-
tact between the cleaning solution 24 and the space in
the sealed tank 31. The filler 39 may be of any material
and structure insofar as the cleaning solution 24 can
flow along the surface of the filler 39. For example, a spi-
rally wound net of SUS or plastics id preferable as it is
inexpensive and any oily or biological deposits can eas-
ily be washed away for reusing the filler 39.

The supply conduit 27b is connected to a lower side
wall of the sealed tank 31 near the bottom thereof. A
supply pump 40 is connected in the supply conduit 27b.
The supply pump 40 and the supply conduit 27b jointly
serve {0 deliver the deaerated claiming solutiorr 24
through the supply conduit 27b to the cleaning tank



cl eaning tank for supplying a deaerated cl ean- ing solution to said

cl eani ng tank, said deaerat- I ng nmeans conprising a seal ed tank
(31) for . being supplied with the cleaning solution fro
sai d'cl eani ng tank, and evacuati ng neans (36) ‘h@gyﬂééﬁEET
di sposed outside of said seal ed tank for dischar ST el r ¢m
for evacuating said sealed tank to rel ease dis-
..11_
222a.

_ A communication pipe 41 interconnecting upper
and lower spaces in the sealed tank 31 is disposed out-
side of and extends along the sealed tank 31. The sup-
ply conduits 27a, 27b open respectively into the upper
and lower spaces that are interconnected by the com-
munication pipe 41. The communication pipe 41 has
two spaced level switches 42a, 42b of the electrostatic
capacitance type for detecting the solution level in the
sealed tank 31 with floats that vertically move in unison
with the solution level in the sealed tank 31. These level
switches 42a, 42b are electrically connected to a deaer-
ation controller 43. The deaeration controller 43 is elec-
trically connected to the supply pumps 32, 40. When a
predetermined upper limit position for the solution level
in the sealed tank 31 is detected by the level switch 423,
the deaeration controller 43 deactivates the supply
pump 32 and activates the supply pump 40 to discharge
the deaerated cleaning solution 24 from the sealed tank
31 and supply it through the supply conduit 27b to the

- cleaning stank 22a When a predetermmed low fimit
position for the solUtion Tevel in the sealed tink 31 is
detected by the level switch 42b, the deaeration controi-
ler 13 deactivates the supply pump 40 and activates the
supply pump 32 to introduce the cleaning solution 24, to
be deaerated, into the sealed tank 31.

An ultrasonic vibrator 44 is attached to an upper
wall surface of the sealed tank 31 for eliminating bub-
bles which may be produced when a dissolved gas is
discharged particularly if the cleaning solution 24 con-
tains a detergent such as a surface active agent.



sol ved gas fromthe cl eaning solution supplied to said sealed tank
and exposed to an evacu- ated space in said seal ed tank;
characterised in that said deaerating nmeans (28) rcor -fr%qqlgg-[f or
i nt roduci ng t he cl eaning sol uti on downwardly int b R s‘é}t&bgﬁ%\\ al d
tank (31) from an upper portion thereof, wher eby H‘id eani ni

solution is exposed to the 24 JAN 1998
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As shown in FIG. 1, a reserve tank 22b is posi-
tioned adjacent to the cleaning tank 22a for receiving an
“overflow of cleaning solution from the cleaning tank 22a
when a workpiece to immersed in the cleaning solution
24 in the cleaning tank 22a. Discharge conduits 29a,
2%b are connected to the bottoms, respectively, of the -
cleaning tank 22a and the reserve tank 22b. The dis-
charge conduits 29a, 28b are connected to the supply
condu:t 27a upstream of the supply pump 32.

" The conduits 27a, 27b, 29a, 29b have flow regulat-
ing valves for regulating the rates of the cleaning solu-
tion 24 flowing therethrough.

Operation of the ultrasonic cleaning apparatus 21
will be described below.

The deaerated cleaning solution 24 is filled in the
cleaning tank 22a, and the ultrasonic vibrator 23 to actu-
ated to remove foreign matter or burrs from a workpiece
which is immersed in the cleaning solution 24 in the
cleaning tank 22a. Since repetition of the cleaning proc-
ess results in an increase in the amount of dissolved
gas in the cleaning solution 24, the cleaning solution 24
is supplied through the supply conduit 27a to the sealed
tank 31 by the supply pump 32. After the cleaning solu-
tion 24 has been deaerated in the sealed tank 32, it is
discharged from the sealed tank 32 by the supply pump
40, and returned through the supply conduit 27b to the
cleaning tank 22a.

The deaerating device 28 deaerates the cleaning

solution 24 as follows:

The cleaning solution 24 drawn from the cleaning
tank 22a is introduced into the sealed tank 31 through
the supply conduit 27a by the supply pump 32. At this
time, the sealed tank 31 has been evacuated through
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evacuated space in said sealed tank while flow g dowmvard
t heret hrough, and in that said evacuati ng neans EBL%WTS‘%}&Q
di schar ge pi pe (35) extending vertically in said qealed famk
and having a plurality of holes (37) defined 24 JAN 1998
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the discharge pipe 35 by the ejector 36. Inasmuch as
the discharge pipe 35 extends vertically and the holes
33 are defined in its wall, the sealed tank 31 may be
evacuated uniformly to a pressura level of about - 650
mmHg.

The cleaning solution 24 supplied to the sealed
tank 31 flows downwardly while being exposed to the
evacuated space in the sealed tank 31. Therefore, any
dissolved gas to released from the cleaning solution 24
while it is flowing downwardly through the discharge
ptpe 3S.

" “The partitions 34 in the sealed tank 31 will be
described below with reference to FIG. 4.

As shown in FIG. 3, the small hole, 33 are defined
in each of the partitions 34 around the discharge pipe
3S. Therefore, the cleaning solution 24 introduced into
the sealed tank 31 is dispersed by the small holes 33
while flowing down the sealed tank 31. The cleaning
solution 24 is thus exposed to the space in the sealed
tank 31 through a large area of contact, and the dis-
solved gas can efficiently be released from the cleaning
solution 24. Inasmuch us the cleaning solution 24 also
flows along the surface of the filler 39 filled between the
partitions 34, the cleaning solfution 24 is further exposed
to the space in the sealed tank 31 through an increased
area of contact. The cleaning solution 24 is exposed to
the space in the sealed tank for a longer period of time
than would be if it were not for the filler 39. Conse-
quently, the dissolved gas is discharged from the clean-
ing solution 24 at an accelerated rate with a high
deaeration efficiency.

The cleaning solution 24 flowing down the filler 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 dissolved gas can be released from the clean-
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ing solution 24 highly efficiently. The axially spaced par-
titions 34 in the sealed tank 31 also serve to stiffen the
sealed tank 31. Accordingly, even when the sealed tank
31 is evacuated, the sealed tank 31 is protected from
deformation.

The holes 37 in the discharge pipe 35 confront the
filler 39, and might draw in the cleaning solution 24
which flows down the filler 39. However, the cleaning
solution 24 is prevented from being drawn into the dis-
charge pipe 35 by the covers 38 which cover the holes
37.

The covers 38 will be described in more detail with
reference to FIG. 4.

As illustrated in FIG. 4, the covers 38 are attached
at upper ends thereof to the discharge pipe 35 and
extend downwardly in overhanging relationship to the
holes 37, leaving gaps 37a between the discharge pipe
35 and the lower ends of the covers 38. The gas in the
sealed tank 31 is drawn into the discharge pipe 35
through the gaps 37a, whereas the cleaning solution 24

- which flows downwardly is prevented by the covers 38
from being drawn into the discharge pipe 39.

The cleaning solution 24 thus deaerated is accumu-
lated in the sealed tank 31, and its level gradually
increases as more cleaning solution 24 is deaerated.
When the level of the cleaning solution 24 increases in
the sealed tank 31, it enters the discharge pipe 35, but
is not drawn by the ejector 36.

Since the cleaning solution 24 contains a surface
active agent, it is bubbled viclently as the dissolved gas
is discharged, and bubbles fill up the sealed tank 31.
Since these bubbles will not easily be eliminated auto-
matically, they will move upwardly as the level of the
cleaning solution 24 goes upwardly, and might eventu-
ally be drawn into the ejector 36. However, the bubbles
can be eliminated by the ultrasonic energy radiated



in a wall thereof, the discharge pipe being con- nected to the air

di schar gi ng neans di sposed outside of said sealed.tank. 2.
Apparatus as clained in claim1, wherein said dis- ¢harpe (}gmm(
has neans (38) for preventing the cl eani ng solution{fg

into said dis-
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from the ultrasonic vibrator 44 mounted on the upper .
inner wall surface of the sealed tank 31.

When the level of the accumulated cleaning solu-
tion 24 in the sealed tank 31 reaches a predetermined
upper limit position, the level switch 42a in the commu-
nication pipe 41 sends a detected signal to the deaera-
tion controller 43. In response to the detected signal
from the level switch 42a, the deaeration controlier 43
deactivates the supply pipe 32 and actuates the supply
pump 40. As a result, the deaerated cleaning solution
24 that is accumulated in the sealed tank 31 is supplied
through the supply conduit 27b to the cleaning tank 22a
by the supply pump 40. |

When the deaerated cleaning solution 24 is thus
supplied to the cleaning tank 22a, the level of the clean-
ing solution 24 in the sealed tank 31 descends and
reaches a predetermined lower limit position. Then, the
level switch 42b sends a detected signal to the deaera-
tion controller 43, which stops the supply pump 40 and
activates the supply pump 32. The cleaning solution 24,
to be deaerated, is now introduced into the sealed tank
31 through the supply conduit 27a, and the deaerated
cleaning solution 24 starts being accumulated in the

sealed tank 31. _
Consequently, each time a certain amount of

deaerated cleaning solution 24 is accumulated in the
sealed tank 31, it is automatically supplied to the clean-
ing tank 22a. When the supply of the deaerated clean-
ing solution 24 to the cleaning tank 22a is finished, the
deaerated cleaning solution 24 automatically starts to
be accumulated in the sealed tank 31. The level of the -
cleaning solution 24 in the sealed tank 31 is thus pre-

- vented from rising excessively into the ejector 36. The
deaerated cleaning solution 24 can also be supplied -
efficiently to the cleaning tank 22a.
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wherein said nmeans for preventing the cleaning sol gptier—F+em
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In this embodiment, only one deaerating device 28
is connected to the cleaning tank 22a. However, a plu-
rality of deaerating devices 28 may be connected paral-
lel to each other, and may be actuated one after angther
to supply the deaerated cleaning solution 24 uninter-
ruptedly to the cleaning tank 22a.

FIG. 5 shows a modification of the deaerating
device 28.

—-in FIG. 5, a debubbling tank 45 is connected
 between the discharge pipe 35 in the sealed tank 31
and the ejector 36. The debubbling tank 45 houses a sii-
icone-base solid debubblizer (UNFALL MT-9, manufac-
tured by Daiichi Seiysku Ca., Ltd.) which is shaped not
to obstruct the passage of a gas through the debubbling
tank 45. Even if bubbles produced when the dissoived
gas is released from the cleaning solution 24 are drawn
from the discharge pipe 35 toward the ejector 36, they
are eliminated by contact with the solid debubblizer in
the debubbling tank 45, and hence prevented from
being drawn into the ejector 36. The uitrasonic vibrator
44 shown in FIG. 2 is dispensed with, but may be dis-
posed in the upper space in the sealed tank 31. The
other structural details of the modified deaerating
device shown in FIG. § are the same as the deaerating
device 28 shown in FIG. 4.

Although certain preferred embodiments of the
present invention have been shown and described in
detail, it should be understood:that various changes and
modifications may be made therein without departing
from the scope of the appended claims.
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Claims

1. Apparatus (21) for ultrasonically cleaning a work-
piece, comprising:

a cleaning tank (22a) for storing a cleaning
solution (24) therein, said cleaning tank having
an ultrasonic vibrator (23) 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 (28) connected to said
cleaning tank for supplying a deaerated clean-
ing"solution to said cleaning tank, said deaerat-
ing means comprising a sealed tank (31) for
being supplied with the cleaning solution from
said cleaning tank, and evacuating means (36)
including means disposed outside of said
sealed tank for discharging air therefrom, for
evacuating said sealed tank to release dis-
solved gas from the cleaning solution supplied
to said sealed tank and exposed to an evacu-
ated space in said sealed tank;
characterised in that said deaerating
means (28) comprises means for introducing
the cleaning solution downwardly into said
sealed tank (31) from an upper portion thereof,
whereby the cleaning solution is exposed to the
evacuated spaca in said sealed tank while flow-
ing downwardly therethrough, and in that said
evacuating means (36) comprises a discharge
pipe (35) extending vertically in said sealed
tank and having a plurality of holes (37) defined

* c L M S *
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.in awall thereof, the discharge pipe beirgcon-
nected to the air discharging means disposed
outside of said sealed tank.

2. Apparatus as claimed in claim 1, wherein said dis-
charge pipe (35) has means (38) for preventing the
cleaning solution from being drawn into said dis-
charge pipe through said holes.

3. Apparatus as claimed in claim 2, wherein said
means for preventing the cleaning solution from
being drawn in comprises covers (38) attached to
said discharge pipe in overhanging relationship to
said holes, respectively.

4. Apparatus as claimed in any of claims 1, 2 or 3,
wherein said evacuating means inciudes means
(33, 34, 39) in said sealed tank (31) for exposing the
cleaning solution which is introduced downwardly
into said sealed tank to the evacuated space
therein through an increased area of contact.

5. Apparatus as claimed in claim 4, wherein said
means in said sealed tank (31) for exposing the
cleaning solution to an increased contact area com-
prises a plurality of vertically spaced partitions (34)
dividing the space in the sealed tank into a plurality
of chambers, each of said partitions having a plural-
ity of small holes (33).

6. Apparatus as claimed in claim 4 or 5, wherein said
means in said sealed tank (31) for exposing the
cleaning solution to an increased contact area com-
prises a filler (39) for allowing the cleaning solutlon
to flow on a surface thereof.

eet Has Been Replace
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7. Apparatus as claimed in claim 4, wherein said |
means in said sealed tank (31) for exposing the
cleaning solution comprises a plurality of vertically
spaced partitions (34) dividing the space in the
sealed tank into a plurality of chambers, each. of
said partitions having a plurality of small holes (33),
and a filler (39) disposed in said chambers for
. allowing the cleaning solution to flow on a surface
thereof.

8. Apparatus as claimed in any preceding claim,
wherein said cleaning tank (22a) has an outiet port
(2Sa) for discharging the cleaning soiution from the
cleaning tank and an inlet port (25b) for supplying
the cleaning solution into the cleaning tank, further
comprising circulating means (27a, 27b) for circu-
lating the cleaning solution from said outlet port to
said inlet port, said deaerating means (31) being
connected in said circulating means.

9. Apparatus as claimed in any preceding claim,
wherein said deaerating means (31) includes
debubbling means (44) for eliminating bubbles pro-
duced in said sealed tank (31) when the dissolved
gas is released from said cleaning solution, said
debubbling means (44) being positioned in a por-

tion of said sealed tank where said bubbles are pro-
duced.

10. Apparatus as claimed in any of claims 1 to 8,
wherein said deaerating means comprises debub-
bling means (45) for eliminating bubbles produced
in said sealed tank (31) when the dissolved gas is
released from said cleaning solution, said debub-

bling means (45) being connected between said
sealed tank and said air discharging means. T
: _ This Sheet Has Been R
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7.. Apparatus as clainmed in claim4, wherein said
cl eani ng sol ution conprise

tank (31) for exposing the
vertically

sealed tank into a plurality of chanbers,

having a plurality of small
sai d chanbers for

hol es (33),
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ULTRASONIC CLEANING APPARATUS

Description

The present invention relates to an apparatus for
ultrasonically cleaning a workpiece, and more particu-
larly to an ultrasonically cleaning apparatus having an
ultrasonic vibrator mounted on the bottom of a cleaning
tank for radiating an ultrasonic energy into a cleaning
solution supplied to the cleaning tank to remove foreign
matter or burrs off a workpiece immersed in the clean-
ing solution. More specifically, the present invention is
concerned with an ultrasonically cleaning apparatus
having a deaerating device for deaerating a cleaning
solution to supply a deaerated cleaning solution to a
cleaning tank. .

Heretofore, there are known ultrasonically cleaning
apparatus having a cleaning tank with an ultrasonic
vibrator mounted on its bottom. Aiter the cleaning tank
has been supplied with a cleaning solution, ultrasonic
energy is radiated from the ultrasonic vibrator into the
ultrasonic solution to clean a workpiece immersed in the
cleaning solution. When yltrasonic energy is radiated
from the ultrasonic vibrator into the cleaning selution,
the cleaning solution is cavitated, and the workpiece is
.exposed to shock waves or microjets that are produced
when the cavitation is collapsed. Foreign matter or burrs
can be removed from the workpiece by those shock
waves or microjets. For efficiently cleaning workpieces,
it is necessary to provide conditions which facilitate the
generation of the cavitation in the cleaning solution. It is
known that the cleaning solution can be cavitated more
easily if- the concentration of a gas dissolved in the
cleaning solution is lower. If the concentration of a gas
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Claims

1. Apparatus (21) for ultrasonically cleaning a work-
piece, comprising:

a cleaning tank (22a) for storing a cleaning
solution (24) therein, said cleaning tank having
an ultrasonic vibrator (23) 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 (28) connected to said
cleaning tank for supplying a deaerated clean-
ingssolution to said cleaning tank, said deaerat-
ing means comprising a sealed tank (31) for
being supplied with the cleaning solution from
said cleaning tank, and evacuating means (36)
including means disposed outside of said
sealed tank for discharging air therefrom, for -
evacuating said sealed tank to release dis-
solved gas from the cleaning solution supplied
to said sealed tank and exposed to an evacu-
ated space in said sealed tank;

characterised in that said deaerating
means (28) comprises means for introducing
the cleaning solution downwardly into said
sealed tank (31) from an upper portion thereof,
whereby the cleaning solution is exposed to the
evacuated space in said sealed tank while flow-
ing downwardly therethrough, and in that said
evacuating means (36) comprises a discharge
pipe (35) extending vertically in said sealed
tank and having a plurality of holes (37) defined

* 4 L M S *




\

e R RN T

17 APR 1999

- 18 -

in a wall thereof, the discharge pipe being con-
nected to the air discharging means disposed
outside of said sealed tank.

Apparatus as claimed in claim 1, wherein said dis-
charge pipe (35) has means (38) for preventing the
cleaning solution from being drawn into said dis-
charge pipe through said holes.

Apparatus as claimed in claim 2, wherein said
means for preventing the cleaning solution from
being drawn in comprises covers (38) attached to
said discharge pipe in overhanging relationship to
said holes, respectively.

Apparatus as claimed in any of claims 1, 2 or 3,
wherein said evacuating means includes means
(33, 34, 39) in said sealed tank (31) for exposing the
cleaning solution which is introduced downwardly
into said sealed tank to the evacuated space
therein through an increased area of contact.

Apparatus as claimed in claim 4, wherein said
means in said sealed tank (31) for exposing the
cleaning solution to an increased contact area com-
prises a plurality of vertically spaced partitions (34)
dividing the space in the sealed tank into a plurality
of chambers, each of said partitions having a plural-
ity of small holes (33).

Apparatus as claimed in claim 4 or 5, wherein said
means in said sealed tank (31) for exposing the
cleaning solution to an increased contact area com-
prises a filler (39) for allowing the cleaning solution

to flow on a surface thereof.
T
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Apparatus as claimed in claim 4, wherein said
means in said sealed tank (31) for exposing the
cleaning solution comprises a plurality of vertically
spaced partitions (34) dividing the space in the
sealed tank into a plurality of chambers, each of
said partitions having a plurality of small holes (33),
and a filler (39) disposed in said chambers for

- allowing the cleaning solution to flow on a surface
thereof.

Apparatus as claimed in any preceding claim,
wherein said cleaning tank (22a) has an outlet port
(25a) for discharging the cleaning solution from the
cleaning tank and an inlet port (25b) for supplying
the cleaning solution into the cleaning tank, further
comprising circulating means (27a, 27b) for circu-
lating the cleaning solution from said outlet port to
said inlet port, said deaerating means (31) being
connected in said circulating means.

Apparatus as claimed in any preceding claim,
wherein said deaerating means (31) includes
debubbling means (44) for eliminating bubbles pro-
duced in said sealed tank (31) when the dissolved
gas is released from said cleaning solution, said
debubbling means (44) being positioned in a por-
tion of said sealed tank where said bubbles are pro-
duced.

Apparatus as claimed in any of claims 1 to 8,
wherein said deaerating means comprises debub-
pling means (45) for eliminating bubbles produced
In said sealed tank (31) when the dissolved gas is
released from said cleaning solution, said debub-

bling means (45) being connected between said
sealed tank and said air discharging means, — — —————

N o
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ABSTRACT

ULTRASONIC CLEANING APPARATUS

A workpiece is immersed in a cleaning solution (4)
in a cleaning tank (2). The cleaning tank (2) has an
ultrasonic vibrator (3) disposed on its bottom for radiating
an ﬁltrasonic energy into the cleaning solution (4) to
remove foreign matter or burrs off the workpiece. A
deaerating device (5) is connected to said cleaning tank (2)
for supplying a deaerated cleaning solution (4) to said
cleaning tank (2). The deaerating device (5) comprises a
sealed tank (6a, 6b) for being supplied with the cleaning
solution (4) f;om said cleaning tank (2). A vacuum pump Or
ejector (7a) is connected to the sealed tank (6a,6b) to
evacuate said sealed tank (6a,6b) to release a dissolved gas
from the cleaning solution which is supplied to said sealed
tank (6a,6b) and exposed to an evacuated space (18a,18b) in

said sealed tank (6a,6b).

FIGURE 1.



