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WD 2005/ 044440 PCT/ US2004/ 037177 1 ULTRASON C

PROCESSI NG METHOD AND APPARATUS W TH MULTI PLE
FREQUENCY TRANSDUCERS Inventor: J. M chael Goodson 5
WRBLABEDI4APPLI CATI ON Thi s application cl ai ns JT/UR2004937177
fromU. S. -Provisional Application No. 60/517, 501,

filed Novenmber 5, 2003, entitled ULTRASONI C PROCESSI NG
METHOD AND APPARATUS W TH MW3TI PLE FREQUENCY
TRANSDUCERS, 10 invented by J. M chael Goodson and
Sebast i i, 1RAIONIEFHGCESTING MATPHOD Aagﬁl APPRRATES! ON

is expressly 1 ncorporated herein by reference.
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This invention relates generally to ultrasonic

" cleaning and |iquid processing nethods and appar at us

and ot her uses i nvovaniterg t wd. MichasbGeogiorzoel ectric
transducers, and relates nore particularly to

i mproving performance by using ultrasonic energy at
mul ti pl e frequenci esSRERATERIHALFCABIONT t he Rel evant

Art trasoni.c devices are u in a varjety of
o ool Betan it BRoRkFori0S. biyRiohdl Abad
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ot her applications _such I | din plastic
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ul trasoni c frequency sound waves to a 25 |liquid or

aplicetiondsieRprasslTiRcamoRgehhareis by Feferencequi d nmedi umis one
comon use of ultrasonics. Ceaning wth ultrasonics

uses ultrasonic waves to generate and distribute
cavitation i npl dSACKREROVUNR OF B BNVENTIPN The

I ( rgi es reach and penetrate deep into

%?Jetggﬁgs{ng%ﬁf)%d hol es and areas that are inaccessible

t o ot Tes invéwimnicelgresrgdnionily to @Gaddhicrcdenning andkigwd paxessing
leffiods on a\ﬁvpaa\fgtﬁs Im% oqge% u? s ifvo \%gé £wwort£o?e B%etzge?écé%]cl t(r:ansducers,

and relates more particularly to improving performance by using ultrasonic energy at

multiple frequencies.

Description of the Relevant Art

Ultrasonic devices are used in a variety of processes, including cleaning,
emulsifying, and dispersing components or parts in a liquid medium, and other
applications such as metal welding, plastic joining, and wire bonding. All these devices
and processes use ultrasonic transducers to supply ulirasonic frequency sound waves to a
liquid or solid medium.

Cleaning parts in a liquid medium is one common use of ultrasonics. Cleaning
with ultrasonics uses ultrasonic waves io generate and distribute cavitation implosions in
a liquid medivm. The released energies reach and penetrate deep into crevices, blind
holes and areas that are inaccessible to other cleaning methods.

Ultrasonic waves are pressure waves formed by actuating the ultrasonic
transducers with high frequency, high voltage current generated by electronic oscillators

(typically referred to as power supplies or generators). A typical industrial high power




transducers with high frequency, high voltage current
generated by electronic oscyllators (typically
referred to as power supplies or generators). A
typical industrial high power -2- generator produces

gehrAtbATOMRCEs It R64HE ﬂ@q&ﬁcﬁs@ﬁ&iﬂg%&ﬂ R 300 k192 QbrkHz or

more. U trasonic transducers typically include
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Herein disclosed is an ultrasonic processing apparatus
and nmethod having multiple gtransducers of at |east
two different resonant frequencies supplying
ultrasonic energy to a liquid filled tank contai ni ng

pr&REBO MEMosichly. PRe EdnSRGH al‘érpre'fgtablﬁf)pé:ﬁ&ﬁ&fjconstmctlon and are
ultrasonically. The transducers are preferably of
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wallk bAdRE thREo Bath &l tRBsRLQMEs £ AARER \rahshR@S oM fiddent h@&deﬁé?
wall or side walls of the tank so that each
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so hahtha PPRAFYS PETSH & Aixure ef t?eou%tr@aﬁe&s of 1115?58%’@ §ucagy to the
tatl trasonically. The rod transducers have different
resonant freguen0|es so that the apparatus provides a

mi xt {1is@ digflospd s udirapenisepiesres aaPBITalYs Mdaedinddawneryirico
trahd¥8cers SlezodMc @ s8ld WitEM rbrent38okdnt fr@cﬁl@ﬁﬁt& aRd PR/ Or

apparatus and nethod having nmultiple transducers_or
PORPISTRRIY Bt paveersche taansguseript INCZQFIeFEs enpittels eresrting fhroughout a

frefiiREFRANE] B spE 4R JTRARK ALHantOFequitRIbE IPraretBRY Yhd Bidkducers or
power s the transducers or Eﬁezoelectrlc crystals
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frefhednbies, BNSthérQRRaRthih R ILGRELLAne J¥retiohna Bldals duPSlied by the
transducers or piezoelectric crystals are paire

ed
geReRie Hete inheredrifruingd subeangs mavlmhﬂf)ﬁeﬂt the térné%ﬁé &r piproelectric

cq&ﬁﬁ@ﬁﬂﬂhgmﬁ&ﬂ%%@ﬁﬁhﬁs In other words, within the
frequency range of dr|V|n% signal s supplled by the

genefbstagpve Hr%#eeelt@r igdigidagibtos ihsombination %H@%ﬂtﬂﬁ PEfGrERnCce

ultRS6fc Qantn3@nd ﬁt?mﬂa&%&g Réhd £AEpLARY I C  crystals
have a _resonant frequency. The above_ provi de, either

i ndily? Hishppset of the PF%%WBV‘WH% &re 1 Arqvigsd R Wirasonic processing

apR@dthsoiBAGEs: a Wk LRSI for C4RAMMHE NFRImhifl hfraRInRG ARSI
met hod and ﬁparatus In a first_ aspect of the resent
ap

coyplrslda thedank @I?eéabi‘-‘sfoﬁ:ﬁuéﬂ,lmé ltgspnig quergy fnihe fl ’15‘

wheRRAS @bUSoupUTRcitahddfeersthal 2 fikst RBSHARuRY, WRALA! J&bcﬁﬂ gloup
fluid; multiple ultrasonic transducers coupled to the

of thg frrusdpeersdpes saser tesopant fppiepesatay differenfrom e Brstpsqngnt
freflR@cy, leﬁbl‘ém' aﬁh&&@oﬁ;ﬁff‘fbs trMIREGS Pasd, thikd Ronit Ql‘éﬁ’ueﬁif:y fhhes

transducers has a first resonant fre uenc wherein a

diffegea from ghediip andsecendacsonanh SeHensies. Mesvhsranibs HansdesstiEmt

arrddgBAHERCYuilbRdl tﬂa%gtﬁérf;faﬁérﬁ Qltoné Hl@éﬂnﬁhﬁmg L Bt eﬁ&%ﬁﬁﬂ&er has at
frequency, wherein a third group of the transducers

leagf 5o adquepyt@nﬁdggﬁﬁwtng@f&ﬁ% fﬂg?naphfaqqupxgnes and a generator means
for supplying driving signals to the transducers.

In a second aspect of the present invention, there is provided an ultrasonic processing
apparatus comprising: multiple ultrasonic devices operable for supplying ultrasonic energy,
wherein a first group of the ultrasonic devices has a first resonant frequency and a second group
of the ultrasonic devices has a second resonant frequency that is different from the first resonant
frequency, and wherein there is an excluded subrange between the first and second resonant
frequencies in which none of the ultrasonic devices has a resonant frequency; and a generator for

supplying a driving signal to the ultrasonic devices, wherein the driving signal varies in




different fromthe first and second resonant
frequencies, and wherein thg transducers are arranged
in an equilateral triangular pattern al ong di agona
lines so that each transducer has at |[|east two
¢ Bidughdual %?ﬁﬁtﬁnﬁ@éb N8 efidded EMngt SRR onant frequencies
fr?&uen0|es a generator neans for suppl yi ng
Faseisqsyifats to the transducers. In a second aspect

of themhRi 8SERLS i YRRt MlentiboR 8hde isHradideY hil@HaRhic processmg
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f requency, d wherein there is an excl uded subr ange
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fredhdnei aﬁ@ﬁ@pl@ e vinb bibAS @Nthe ul@ﬁébhfé@l%wbb%swﬁeréiﬁ #HRMEAMg signal
frequency g generator for gra drivi ng
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freghd@iBiad of MR HiRSohif devd@s. frequency throughout a range
that__i ncl udes the excluded subrange_ and the resonant

f r eqiRsrfeates angd pdyapiasss descybeshin dhegacr ficaton argnof all gcjugive, and

pafioRegs, ndhy daRioRsigSants dnaumhtaga,wm BE s atehit tB0AY bidRdIna skill
0 ul trasaoni c_processi ng et hod conpr|5|%8gthe steps of:

in (e 3% iR{TiRY Ontar Erpings spctigatnm aad geiprsdiesob pleranice fgpuld be
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he ultrasoni c devices first resonant frequency
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first resonant frequency, wherein there is an
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pidz ORI VrystalsQ6 KRG EvideSthhhHehaBONRasBhic Libeitishd i 3&PEMsE to an
- devices has a resonant frequency; and supplying a
clegiricalidHYing Figitl to the ul trasonic devices, wherein the
driving signal varies in frequency throughout a range
that includes the excluded subrange and the resonant
frequencies of the ultrasonic devices. The features
and advant ages described in the speC|f|cat|on are not

all inclusive, and particularly, many additional
features and advantages will be apparent to one of
ordinary skill in the art in view of the draw ngs,

specification and clains hereof. Mreover, it should

be noted that the |anguage used in the specification
has been principally selected for readability and

i nstructional purposes, and nmay not have been selected
to delineate or circunscribe the inventive subject
matter, resort to the clains being necessary to

det erm ne such inventive
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subject matter. For exanple, the specification uses

the terns transducer, converter, and piezoelectric
crystals to refer to devices that generates ultrasonic
wohwstokaams i n response to an el ectrical drirdmigg2004/037177
signal . WD 2005/ 044440 PCT/ US2004/037177 -4 Al so, the
termresonant frequency includes a fundanental

harnmoni ¢ frequency of a trapgsducer or piezoelectric
crystal, and al so includes higher order harnonics.

E [ w
e BRI A MBS M dcho
taasischr oe piszaiectic drpstat, and lalso acbuleshighertopdep harmonics.
enbodi nent of the present invention. Figure 2 is a
vi ew of an arrangenent of three types of ultrasonic
transducers OnBRIER BERCRE’IIIOH@E)THEHI@QAWING& her
enbodj yrent, of {he present invention.
o o B Baciettetaponienenoity Senpl Sftpagsttfadicers on a

mm%@dr&ngwo@ endfddizRnt Ethelprdient ﬁw@zﬁroeh ng to
anot her enbodi nent_of the present invention. ur

i s a bieaw oF aaievarhanyemespenspf &hrﬁeé@ewﬁvé@awc Kidicers on a

Wk WABIQRE S ding Q@Mﬁéﬁb&iﬁﬁe@ of &R PrREntGhhiloraccor di ng
to anot her enbodi nent of the present invention. Figure

5 is Higitechis efviavhel agrapangsaeataf typ tnge of Ylesenigfrapylycers and a
Eé W GEdr ﬁ;atn@i%r ed@ahime@&&ﬂhghﬁgen& BveiRhher

odinment o present 1 nventio |gure 6is
d| agr Hignst4 i aovipverion arranggoent ofltrea fypes of wWimaserid @dlilSﬂrEcms and a

St M SR B BRI R PERLC,  1

p r ef eFigert ﬁn‘amﬁmﬁiﬁsanﬁngemmt pf sampesiaf vahtransducéns on a 26k
1R9S ustr on skilled in the art
Ia°?°5§8$ F g’@’b ?IF 8\%’% ﬁ’éese"? SRy di scussi on

t h at Bighﬁﬁh@hl&z%r@ﬂbﬁ@d@&ﬁbﬁr&m@%s feleranitits He bnib@Bmen df the

methods illustrated herein may be enployed without

FESHEVEBI om t he principles of the invention
descri bed herein. A first aspect of the present

invention, illustrated in Figures 1-4, involves the
25 pl aDERARERDESGIRIPHION ofaﬁﬁm%ﬁvﬁwgpmm

diff emﬁm\%@s abpifdatibus f?éﬂﬁ@‘hfm botfrRa eéeﬁﬁhvenuon for
supply ultrasoni'c energy to a liquid f| I'l'ed tank

purposes of Hystatioponlyo Ope skilled in the art will readily recognize from the
following discussion that alternative embodiments of the structures and methods

illustrated herein may be employed without departing from the principles of the invention
described herein.

A first aspect of the present invention, illustrated in Figures 1-4, involves the
placement of multiple transducers of two or three different operating or resonant
frequencies that supply ultrasonic energy to a liquid filled tank containing parts to be
cleaned ultrasonically. The transducers are preferably of a stacked construction and are
arranged along diagonal lines in an equilateral triangular pattern on a bottom or side wall
of the tank.

One arrangement of transducers is shown in Figure 1. The view is of the bottom
wall 12 of a tank or vessel used for ultrasonic cleaning or other ultrasonic liquid

processing, althongh this arrangement can also be used on one or more side walls of a
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cl eaned ultrasonically. The transducers are preferably
of a stacked construction and are arranged al ong

di agonal lines in an equilateral triangular pattern on
wobkretstaamor side wall of the tank. 30 One arararsgest®siti77
of transducers is shown in Figure 1. The view is of

the bottom wall 12 of a tank or vessel used for

ul trasoni c cleaning or other gltrasonic liquid

processi ng, although this arrangenment can al so be used

A0 (B DAt Srabl6r kRl 148(“%695 é’?gésé‘oéa?fé é%’sle% pod 16
t(represeniesbysopen 4irgledprack havingp difenl dperating bexsjonartdreggency, are
(()an% F\’%{t‘ﬁﬁ o4 gcﬂ.ulg%ra? B‘Faﬂtglﬁ?[r ﬂﬁh@l‘fﬁ)alon%%:%ogﬁ\ﬁ'ng@l(ﬁ P%clfn {rg{sgﬁ]:tcr has

resonant Trequenc rrange
et lﬂahtaWe adghcdnt randucemiin pemlicms maafommgmatqa@amalmangtae snd at least

10, htrans adj acent .
(PR AERR e ERe e SRRy SR Gitopaine 10 has
ttrdnadngéxe of tho garad tyb@a:fft?eratl @n e? .OThik hl@ﬁ'@eﬁ%ht@ﬁ@gﬂes efflclelnt

ns cers | erent re ency. ac I agona
|Ha?1‘8 Op'ﬁ Eﬁg‘ﬂﬁf}%‘r E’“@f hetya g@&ﬁ@{‘?yﬁ interspersqd pcrgsp the
Qottd-of THaitsnka Tha RGR BB Méssdl iPnbdbast ceifaic; nfedl, mad@albytgglass,

density of the transducers, with the two types equally
iOPRE% é’é@ﬁs@eﬁﬁa%?rc%@rﬁw&blwmperﬁ%mw tﬁam@n hoie.l la.ﬁ’r@wded

C&E a YGRS theSotBMGAf 12 eﬂh@ aedut®d B and Bl Bhy @ rh&ﬁﬁ%ed underneath
gl ass, quartz rex, plastics or other Sui tab

rbmtaplotogheowsidesuriape of thefiank hotos), er ey be aﬁﬁxed/tow@dmmrséﬂe
%%rﬁﬁir@%grf e ok E?&éﬂ%‘ﬂﬁ%&ﬁ%d‘ﬁ&hﬁ&%t KNG hidse %%faﬁsd&é’ergme that

neat e tank to the outsi
smfﬁaabtocﬂﬁe hdtiem oitfke thiok. t'ﬂmfrequcnmy atgeprefbrfablyerdthirotha pange of 10
A r
Rl 3oBh Kot R e 36y BB B Blon fogpency.
iIs thad émboekiinény, thére ateaitbahofawerdtirdodrarksdibers, fmcﬂntﬂjmmebm of each
%rﬁg é)referabl y wthin the range of 10 KHz to 3000

TYef erabl y, there are equal nunbers of

tr anSM@&éﬁmﬁhgﬁﬁ&iﬂ of tr@RARBRYs shbnlif Figate:. eTmatypa bk groups

there are a total of twenty-faour transducers

ioh BPRRIRGSE, L dupRissented by dark GFIF’éé?u Lhegpreseptse g pben circles), and 20
febé@myhaﬁfdafkrc@&fegy 6Rhhalifig Bﬁ’l’@i’eﬂt Bpdehtthy' o7 re?sonaﬁh ree

types or groups tTansducefs, 4 (represented b

deeheney rags wangedip aple@ts}aé%@ mﬁmpwmﬁl@mg dpgonyl hnaah% Bach
SRR AR oo o B EE L oL €2 I iy
dirarsdigpers df thesame @ﬁmelaeatrmt adjadent taregel qher@acauee theyndre separated by

agéﬁ%ge% of h0'§ eré% s, Thils arran . CE ﬁ:&gildes eﬁgt‘% lpgclmggsdepsuy of the

ree assocCl a
eﬂndﬂutt;tﬂ avith the three transducer types mterspersed across the bottom of the tank.

Each transducer has at least two adjacent transducers of different frequencies. Preferably, .
there are equal numbers of transducers of each frequency, which is eight of each
transducer 14, 16, and 20 in this embodiment,

A third arrangement of transducers is shown in Figure 3, which is an arrangement
like that of Figure 1, but the drain 22 is in the center and there are thirty-two total

transducers 14 and 16, sixteen of each frequency.
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Transducers of the sane type are not adjacent to each
ot her because they are separated by transducers of
the other types. This arrangenment provides efficient
yackisrgsdensity of the transducers, w th theCTs2e/037177
transducer types interspersed across the bottom of the
tank. 25 Each transducer has at |east two adjacent
transducers of different freggencies. Preferably,
there are equal nunbers of transducers of each
frequ t S ,
and 200 st BbEnbcd oFEay of RNl b 28 26 fyandtn o
tHigure duhis és ansar@hgmwmt similpgfigrtieat of Flmle@hbutsh@f#mn 22 is in the

r in 22
eh@RARTRLL we 186 Ghog S Grofve cPEHGultcd 3
t ransdhe d:fferehﬂolmmhng(‘mr resonmeﬁcquenicmaxf ithef trangdieas yarc ptﬁerably

GPepRY L E\BIOVER Tepi i 0 ipeet B i 38 PESE TR e

i HigheFbenigiesreqhéricy optimally efdoregaiitlat pasidilatedror kidsds beftdebris

but the drajin the . center .and

f Fi 2 1S i
olﬂ%‘PI %;{’r Ydhe JQWER edueney; JE%P"%?%?’HE‘EAE%%F%HS‘}P%& UfeFach YBaH

- THoR@teany W sepkivfe Sdrkia@dralTtor QP i girk MBthe supSifs lﬁ@ﬁbmg signal at a

frequencies of the transducers are preferab

Jetoagnt &igausgey eldhoserienidinrs Altpragiyelye 9l H@*@éﬂ%@t menal?ﬁe@wred
4y %Eﬂeﬁt&eﬂh%vﬁkﬁ% aBghehdiRro Haq%e& oPwdehORstizhout a

frequéncy optinmally renoveS sraller particul at es or

rRpgsef froqueneieshptgncludes dhavewpnpif epeencighier the irerpdeersy . | t
I's pref 6@%%43%&% Jgre&én?{ﬁ%gx%ﬁ'i ﬁn?gﬂ: éﬁ%ﬁ%raﬂé'd%ers (push-

povvere epar at generator i gure
tpudtor snugimpuﬂstypssmmmmtr@bghabnwem mmm@dm)a mne or both ends.

SR S ks dompE o ERIBANAERS 26 ald 2 BB o¥ne B of a wa
Sifiattaie Thé rodnrahsdngere 86 ynd 28 mgﬁ?fgm?%d;]:m?ﬁflﬁmon the bottom

oS, B R o b RN P e R eliE i B e

&S@&ﬁﬁsd&ferstﬁ&fhn@ D8 SR TinmeRég i 4 @qmdl-ﬂnb@ﬁﬁls ccsmélﬁmﬁ émp&tents or
transducers (push- pul] or sin push types)

R B eane s PR Ul aEHeaLY. eI B Fepsasrs 75 and 28

?a@&ﬁ’e@nﬁ@&‘ﬁ@nﬁfﬁﬁﬁmﬁ% B idd the ﬁﬁﬂraﬂs?ﬁ‘&qa{é& %%ﬁo@s@re%ﬁ&cms of

8 mounted to i nsi de of a wal a tank

rdfepsonie prpsgicie thy igmidindhogniralhegedsase perarpsedel el Blassy
Q:Qrahﬁ@ ﬁ_{?&fz}, S BehdthitabB mbial bl uxﬁ 'E:?r}@%&#dﬁatclr\éxﬁﬁnq(le permits

hort1 zd on one or nore Si
Theeuse mﬁdmdeammm clegnifs madid 1@81da1gé3‘ﬁ’ﬁmév®£sd hydyocarbons, aqueous

B PSR PO AR i PRB. Preo
ttizasduodts 26 andXBucepevaed bynglgéh8rator 29 that supplies ultrasonic frequency
driving signals to the transducers. The generator may provide driving signals at different
frequencies to rod transducers having different resonant frequencies, or a sweeping or
alternating frequency driving signal that includes all the resonant frequencies of the rod
transducers.

The rod transducers 26 and 28, also known as push-pulls or single-push
transducers, have ultrasonic converters 30 and 32 mounted in end caps on one or both
ends. Two or more rod transducers, each with a different resonant frequency, are used to

create a superior cleaning or liquid processing process. Alternatively, two or more
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have different resonant frequencies so that the

appar atus provi des various frequencies of 20

ultrasonic energy to the liquid in the tank. The rods
woeosmapesed of nmetal, glass, ceramc, quarperuR004/037177
ot her suitable material. Titaniumconstruction, for
exanple, permts the use of a wide range of cleaning
medi a i ncluding CFC sol vent s, 5 _hydrocar bons, aqueous

al kal I i ne sol uti ons, aqueous neutral solutlons and
o R By, 08 Bl ARG Bty
wmuchlagmecfreQHmwenﬁg}leHEVMg signalg signals to the

trans rs. ener r rovi de drivin

L 20 ARERR s Rrop Rl et By St Rt p i adhlir B o

dirfvé enﬁiinvéxﬁa? @mtcnﬂ aEsHiediRquensy al the omwamh w&lﬂ:lr ai(rjthe othtlsrl end at
rnatin re i vin 1 g t hat . I ncl udes _a

aﬁ{% et dreg qncyrg{ggeéq?%y g‘i‘," 19fis '?sﬁémr‘g?dmdttfagmﬁfé aregizegppthat

R tboR RIS I ESsird® nittehle’Bequat i, FBAMANRE, BUR Ul dvEleREth of

S|n | e-push 30 transducers, have ultrasonic converters

enoy inSiyR inches and dhrchalf ypyelength pEthe othspfreaueadyys seven
Tﬂ&e@ kel @r6d 6Ok RIS A refHaft Abbih fRqEHNEEE" RRSther way to

resonant frequency, are used to create a superi or
obtainmnplyplsireapengics fiomowe pushrppligrageduser is 1y sebpieaftaquesicy fo be an

iN¥Bod? In 1@9019\%23 M%ﬁﬁé}gé‘ﬁ PCT/ US2004/ 037177 -7

requenm es are provi by the same transducer rod by
int er Multipdefrequentiessinayalscoipeabtedhed bysnsiittghdvpush machmansducer by

%{)zﬁgrl{ﬁ&%'d%fén&lfucér St rgﬁlhﬁfquso%ngﬂg usencmAsn gn&ﬁsﬁ%m altcrnatmg

Ci es usi'n
tdnamgdmuairthatalwmatemhatwmnahamqumms at one end at

one fre ét Eg‘ ot.h erncanv rter at. tﬁg at her,
at PPEF S efPFf‘éa%Fé?]"é’? OW%‘P s auieepng g drgiHg S’@@
Iapplt&ieo the drahddas sl equghoRt hQartse o€ fleGRnéiBA THi \@Yedt 650 @Hv@ntlon

at esired nultiple freguencies. For exanple, if
%}%ﬁ@ pleatsectng BT} arytialh ajthnsa sipgletrinddyresor to

%ﬂﬂuﬂl@ &aﬂ%@théers%«‘!&in%ia‘ihe%@st&ﬁ e Irpéﬂ?l@f cob, SARG Y pibelectric

seven inches, then a rod |rtyf|ve|nches Wil |

CESBlor ranadusssy are selecierin @ﬂ%?éhffmtfﬁ%’ﬂaW%@me@ thebare
E}fk&é&bﬁaﬁggﬂyﬁﬁ}ﬁh@‘ﬁlgﬁ one push-pul | transducer is

to set one frequency to an 10 integer multiple of
t he oFM@ﬁame{:ﬂﬁelmeythaﬂ\ﬂm qu@p equengyismgs B39al Bz pandeahat the
S
FRAPABES By, S Qo FLe SRSl gl o

anusducsrngy pigzoelkbdtte ma’sm]s gas mhewthm}emngma‘requmw of between 39 and
gb t7§ k?—ﬁt fid anc%er Wi a? Iggonanvﬁrefq{xe%% ét\%gen 40.25 and 41 KHz. None
of the transducers or piezoelectric crystals in this example have a resonant frequency in
the excluded subrange of 39.75 to 40.25 KHz.

This aspect of the invention is illustrated in Figure 6. The entire frequency range
swept by the generator is frequency range 34, and the excluded subrange that contains
none of the transducer resonant frequencies is frequency subrange 36. The resonant
frequency of each transducer or piezoelectric crystal is represented by an X 38. There are

no X’s (resonant frequencies) in the excluded subrange 36. The boundaries of the

- excluded subrange 36 define the minimum differential of the resonant frequencies of the
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A third aspect of the present invention involves
sweepi ng the driving signal 15 applied to the
transducers throughout a range of frequencies. This
wopeesio4afio t he i nvention can be applied to nedwiugb®w037177
pi ezoel ectric (PZT) crystals wthin a single

transducer or to nultiple transducers used in the

same system In either case, ggither the piezoelectric
crystals or transducers are selected to have different

I . ' at Wit :
AERRRERL of BEAIRRGI R ety kKGR stk 26 3R
f10&pne25% oidhgentirs fr@Miency rdigelddimwepiisy thivgdnetale. i ni num
differenti.al is..5 KHz centered j.n the . .range.. That
eans ACHAR 4% fis Bied o6opiSF I ienkiB ISP R e el o
araysinedrs aleasannfuetuned witlathe desirad diffeteneiailmd oxlyafiosb pleyedttric

39 d .39.75 KHz and anot her with a resonant
PSR 7R snoera AL DRet 465 pRsdelemaingd Crifisia aRGG. T resppant
tifeqindies &ia§ be detBhBiAQEDyBiting CheQFMSARES ok PickdblcstrREANMRILand
h%ye,a resonant frequency I n 25 the excluded subrange
g eejtng flaerm BeeatiBRiofiAest 195p4S. aspect of the invention is
i || ustthRtagisbet 6F thd Ym0l app_fﬁ?toeﬂltdlﬁfsoﬁiﬁ%%ﬁﬂ%bfr ﬁ(ﬁ:ﬂ:g]?ocessing
swept by the generator i's frequency range 34, and the
SRCE TR Hie prrgisterniagd resonan| freguerayrdiffesentiahexcluded subrange)
: . N e
e e S R T T e
hednynation may else by eppited fsmetelpwaldipgitpdastib joising, Xvifdonding med/or

S AR RO LR S g o

86 ivehiioenih be madiwithnnaigiilerdrariangensdnt dbihstackebtpaadiicers of
frequenci es .of th 2005/ Q44440 .PCT/ US2004/.03717 .
WAL R e ot ey e gl B bl post PSR @ (Bl frpmuencies,
abhdeseieddutiedt. subrange 36 is between 10% and 25% of

the eptire frequency .range. 34 swept by the generator. )
Apcorﬂﬁf’ﬁg'iF 6£?“%id§S°f'¥zP?lal ¢ EPRFORt i 16 OISR isciaged bereln
ptovZReh B6¥el hiid &visth@ofs SlfrasohicPRGUALGSS &hp@afs and method using
manuf actured with the desired di fferentpl al and only

ansdesersed et dibferent fraqpencigs do Sipph Hiaais epaRY toatliquid
FREd tahd CorfRif?H1E LEMPSTARE 15bd dibhbPoAliBodl Rl el AN
frequencies may be determ ned by testing the
faregoinp disonssiey dipalesepadadssqribes meplt exemplindmetbedseod i ng

EREEBACHObENE Brdsht it 67> s AR b biaerH AP ARBR Hhnfir 1l the
Invention applies to an ultrasonic cleani’ng or qui
pit.dheiwséntign npydeesbodin ngitier spreiffr fored withoun departtimg droanthe
gpriﬁ%%rs]s%}{ﬁﬁlckaflr%tgrri]s icd 4!161‘(331).( y c%gl%gng?u, rea(ﬂ&?gsure of the present

invention is intended to be illustrative, but not limiting, of the scope of the invention,

which is set forth in the following claims.




10 and the sweep frequency range are sel ected
according to the applicatiqg. This aspect of the
invention may al so be applied to netal welding,
plastic joining, wire bonding and/or other nedical or

Wmamuﬂaﬁk@ﬁing processes using ultrasonics.
Fur t her no this aspect of the invention may be used

wit i an ?FQPEF£Fm§FW§ﬁ@@ﬁ@ﬁF°@?“%¥hcked t ransducers

of  di f f er@il oferBRUSTGHESINGR fiid; h push-pul | or
si ngl e- pus traﬁéducers of dlfferen fre uenC|es

as descr i BEHPls BienicHagidiencoRpisd té”&l?‘i‘ graple for S“Pplymg
Wi | Iultbee,oxﬂ@ P tb tHelMatd ih AR ARV RRdréiR B ficht SOLIPSAEe f@k®icks has
provi des a noyel and dvant%% %us ul Jasoni
pr oAU, THTNER FEFUSRYs VAR ASTRBHEIGY ﬂis © tFARFYUCEF Bas a second
t r aneguae feqRhcyathat 4 diff@ e Mlond the fMeREInaR ﬁte@u@ﬁébp Phh¥rein a third
uItrasonl ene g to a I|gU|d filled %ﬁ ont |n

i She ey has e psopgh Fequersy t L5 iyt gy e it
Th e aa@ sefc@ﬁd?@&inﬁlg frllysentiss mﬁrwm@@ ihe &@ﬁsdﬁd&aﬁ‘s deHFahEdIas an
nerelﬁq rﬁg@lar metho@)‘n mbodi of the
pr eSAR attory algng ‘a%%"a HFRTY c%c {AnidyeL Gas at least
f amitivb adjasthi thanbdiRers Bdving diffeerit Foéaiitini PeuemRies;ad enbodi ed

in other 5gemflc fo nB t hout . de artln%%fro t he
spirit or* SRLHURT SRS Rengdriving sengly ot pansducers.
Accordingly, the disclosure of the present invention

IS |ntended to be illustrative, but not limtin of

t he %scopd APPRAYS P TRURR fspim s RIS S ESneraipr e ek a
t :’1 te gfeﬁﬁr:it&%oﬁﬂe@ﬂo&hdﬁfigroupgyf trmt&ﬁcetsswﬁéré’ih eRM gesferatdr suﬁdhes a
ul trasonic essin arat us conpri si ng:

ope KA S5 SR TRt rOGCoY Oh i SSRGS b FRsiBF
transducers coupled to the tank and operable for
supplying wultrasonic energy to the fluid in the tank,
wherein a first group of the transducers has a first
resonant frequency, wherein a second group of the
transducers has a second resonant frequency that is
different fromthe first resonant frequency, wherein a
third group of the transducers has a third resonant
frequency that is different fromthe first and second
resonant frequencies, and wherein the transducers are
arranged in an equilateral triangular pattern al ong
di agonal lines so that each transducer has at | east
two adj acent transducers having different resonant
frequencies; and a generator neans for supplying
driving signals to the transducers.




2. An apparatus as recited in claim1, wherein the
generator neans includes a.qggenerator coupled to each
group of transducers, wherein each generator supplies
a driving signal at the resonant frequency of its
assaci at eﬂl@ﬁ@mcprocésﬁlags@aearssgmpdsﬂrg 3 An ul trasonic

processing,a ratus canpri Si uItrasonlc

vt coe oRutRRRLALER SRGRR PhrHE e FirabiRi Bresimid G5 Whereina
wherfiitigroap of ihe Skraghiddeviods Hab @ fitst fefcasi IﬁIeQueﬁQVarﬂ@%edbaﬁ giup of
fi rs resona t .frequenc and a second._qro of .th

ul ¢ hEReay divicen Bataecond ST OREH 4Rt 15 et g the first

. t h atresroﬁand ﬁ-écfueﬁcerﬁndfmmrt thére fis ahSkcluded Subagt btveaiiRafing and

| d b het th
P PO s e er s B ol Ly RO QeI S s

of tffequaity;aAdoni ¢ devices has a resonant frequency

and a generat n [vin

o't v asontdetreg SRR et Sefhla e H ol Aay af fin the
I n fdrieky eigaal vires aidigericy shrowhow atriigt tHanelbludhe shetdreluded
excl uded subrange d the resonant frequencies of the
o ¢ PR a8 R enes bERP Ao SSAET  cci 1

claim 3, vvherei n the excl uded subrange is between 10%
and 25% t he frequen e e driving s

5" i appRp S MR Tl wParhbS eilp Btrieh & etween
u|tﬂﬁ%@ﬂdQS%eﬁiheﬁﬁqLﬁ:ﬁ@raﬁge&fﬂﬂdﬁOihgBlgnalr ystals. 6. An
apparatus as recited in claim3, wherein the

ultrasoni c devices are transducers. 7. An apparatus

as secit e aipﬁarﬂhs&lsﬁ‘bdﬂed fnloldida 81 wheéip fHeSiltiagonic deditks are
operabhﬁ &1 ntalnlng a fluid, wherein multiple

ul t PEEBHTC cfyé ducers are coupled to the tank and

oper abl e for supplying uItrasonic energy to the fluid

the t wh t d
i n & cqumeBp e SR et PR R AR

| i n&ansdacetshat each transducer has at Ieast t wo
adj acent transducers and at | east one adjacent
transducer has a different resonant frequency. 8. An

appar at U\nagpar&ed dsestitedinGllaii ) ﬁnhérldbﬁlﬁ%ingmmdpﬁiaﬁg for

t ank oper abl_e. f or con a flui,d and

L o R iaRg T e Bl e e Bt gt e ik and
- haviopgatae foi E@blyﬁ@&ﬁi‘mﬁc éﬂe@qlﬂ@ﬁﬁ Yhiiddn fe €ARhng fxdiiRincthe

transdHcers haV|n%
i . transducers are arrange

in an cquqatcral triangular pattern along diagonal lines so that
each transducer has at least two adjacent transducers and at least one adjacent transducer

has a different resonant frequency.

8. An apparatus as recited in claim 6, further comprising a tank operable for
containing a fluid and wherein the transducers include a first group of transducers
having a first resonant frequency, a second group of transducers having a second
resonant frequency that is different from the first resonant frequency, and a third group
of transducers having a third resonant frequency that is different from the first and

second




resonant frequency that is different fromthe first
resonant frequency, and a tfiird group of transducers
having a third resonant frequency that is different
fromthe first and second -11- resonant frequencies,
whe rresonartt ﬁeqlienmsdhman sheamassde@yrecbupled tde taAlhkndapekable for
operabl suppl yin 0 r.qy .t he .fl uid
b i g Qlesoi Rt L ARl FG Bt B Wiplactiaty
i N awraggdin meqmaitermlnmagguﬂ Atterp alohgdlﬁg(ﬂ:hldh@s shi tﬁg@ﬁlﬂll transducer
I|n ach transduce

of SBeferBh R LhRIS e B i p BB eahfRies.
frequen0|es 9. An apparatus as recited in claim®,

furt;her comp rising a.tank,operable for. cont
e WL B Rk SRS ARG o iy eplietor
cou prtoatztnm[g atfhuid, M&aﬂemahﬁtramcheeramie eod teansdicEp botipitd to the tank and

appetatits er U AR bl O A Bl M e 1 g a

tank operable for contal ni ng a fluid, wherein the

transducers rod tr ucer ed.to the tank
and 19, ope r%mbalp etgsr g ﬁmte h Cnaém ul )fmas'f Sﬁm%nsé[f%eﬁ't ® raP]ﬁ éor
f | ui entaimingladluid mzlhp-reim}afrtmnsdueae fre r@ldrantduagrs chnp&d tdthe taakand

ultr | nvert ated a C

aner DD for SRt s BE B BlnsGRF R aBin R apn o

t r artsdsinesr hhvanailtdisbiie copmtrtar Beaabateadhread ufaoid osheramthe two
}NP 2 a Eféellrg]gllhg cgonv%%:rst ckﬁegc dliérﬁ grg%srﬁt?ciélo gavs gigegstnt gg&fp@:&t[ﬁ%\%ﬁ%@g and
c onprliegiimipe tdddrasideps rabnatgs mohotidiesgpant rﬁsthﬁenpﬂesa

ul trasoni ¢ devi ces operable for supplying ultrasonic
energy, wherein a first group of the ultrasonic

deviltes Basiltesdric gbeesdgmethdd cfomaqslﬁgwhy stapscbfa:rsﬁdmgl d

O oY a4 B 15V S RS ERETE

f r egroep ofthe alirasonfeelediay hadrefist reonan frequeheyded asednnehggep of the
Dot MR PRl B SO GROLBN LESISR b

fr eepamnyfreqamsf&um phgreinghege © ni eichgedsuhraake badwicnehe first and
' FRER el SR Fith D ol Py hasp okt
excfraquenbysatblr ange and the resonant frequencies of the
uItrasonic VIC as, recited .in claim.
11 " Wher BPRVER: BT e e R iRGRRetER WBknn Bt PigHena
25%afes iri’fe:qﬁmg treaugiiout ama@e thbt indleded the\ek¢lgdedisghiadge and the

resonant frequencies of the ultrasonic devices.

12. A method as recited in claim 11, wherein the excluded subrange is between 10%

and 25% of the frequency range of the driving signal.




