-1- ULTRASONI C PROCESSI NG METHOD AND APPARATUS W TH

MULTI PLE FREQUENCY TRANSDUCERS | nventor: J. M chael
W@E@d®or4RELATED APPLI CATI ON Thi s applicati on BCHURE04/037177

priority fromU.S. Provisional Application No.

60/ 517,501, filed Novenber 5, 2003, entitled

ULTRASONI C PROCESSI NG METHOD AND APPARATUS W TH

MULTI PLE FREQUENCY TRANSDUCERS, invented by . M chael

Goodso Thi I
appl i cizﬁﬂﬂfx%??\iﬁ%?@&@%@%mﬁ“ﬁ% AP ApEEpALS
ref er ence. yWAFKFRGLNEPCE FRIEQUINGT TR NSPUCERs! he

I nvention ThIS Invention relates generally to

ul trasonic cleaning and liquid processing nethods and
o eg00l oot 110 tralBElEE <, AnMeErpERRE o
particularly to inproving performance by using
ultrasoni ¢ energy at nultlJIe f requenci es. Description

of the Relevant Art REELABEDMEP \IJEN are used in a

ana T pEERHET ERREmRE nih O FSARCAR G i O

N@I‘Gd)/SJIM‘Ifol ﬁmall N@@mbeﬁs mheraﬁlewlarmsbmmgm@d:gssm
and wWre bond| t hese devi ces an

i ni ng,
MJ&T WM%MH%WIE&MQM&I&FBEW@&GM @RAN SDUCERS,
1nﬁ%rg%(ﬁ§fﬂ éfhg%@%t%ng pagafl} %@g&g%\ﬁ% "%}fbtﬁ (ﬁei Orif‘hlg p%ws?&’ﬁdl
apptioativn islS@mislwinbommnectl&relﬁlb@raefer@cw th uI t rasoni cs
uses ultrasonic waves to generate and distribute
cavitation inplosions in a liquid nedium The rel eased
energi es reach @@ﬁﬂ@@ﬁ@ﬁh@bQJﬁﬁﬁﬁE fcg\i ces, blind
hol es and areas t are inaccessible to other
erlde@crthmgzvam'dmds U trasoni c waves are pressure waves
actuating the ultrasoni.c fransducers with
b GhTHp BEaHEY FHPeRr N 4 B RaTiG e aR ehd Eawdyocessing
m6th68s &RMppafiss! e}nh%tt}%%séstﬂ%l%ﬁklt\)(lo o S Fﬂz&é?ecﬁﬁc Ha¥etcers,
supplies™or generators). A typical industrial
andowletes 2nore particularly to improving performance by using ultrasomc 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 ultrasonic 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 to generate and distribute cavitation implosions in
a liquid medium. 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
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generator produces ultrasonic frequencies ranging from
20 to 300 kHz or nore. U trasonic transducers

wo ysoaddhy i ncl ude piezoel ectric (PZT) devi cesPCTiEs2004/037177

expand and contract when subjected to the oscillating
driving signals supplied by generators. The
transducers are normal ly rmurlg_ed on the bottom and/ or
the sides of the cleaning tanks or imTersed in the
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In some applications it is advantageous to use multiple transducers operating at
different frequencies in combination. See, for example, U.S. Patent 6,019,852 and U.K.
Patent 1,488,252. These patents disclose cleaning apparatus with rectangular grids of two

different frequency transducers, separately driven by two power supplies or generators.

SUMMARY OF THE INVENTION
One aspect of the present invention is an ultrasonic processing apparatus and
method having multiple transducers of at least two different resonant frequencies

supplying ultrasonic energy to a liquid filled tank containing components to be cleaned or



10

15

20

25

30

met hod having nultiple transducers of at |east two

di fferent resonant frequencies supplying ultrasonic
wep@sgy+4t® a liquid filled tank contai ni ng conponEsi084/037177

to be cleaned or-3- processed ultrasonically. The

transducers are preferably of a stacked construction

and are arranged in eqU|Iater§I triangul ar patterns

anng di agonal lines on the bottomwall or side walls

of the tank so t hat each transdu acent
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mul tiple transducers or piezoelectric crystals with
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of FiGha FRRontics AT VLREVEE 3t {8 Caghont a
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frequsnsissc Brederablyplhg SRR ICPTSIGE Prezgelectiis chistals ye paitehiggpther and
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fel&dndsi ve, and partl cularly, many additional features
and advantages will be apparent to one of ordinary
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aﬁ@gplﬁ%ms,pri ncipally selected for readability and

i nstructional purposes, and may not have been
The features and a vantages described in the specification 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 drawings, specification and claims hereof.
Moreover, it should be noted that the language used in the specification has been
principally selected for readability and instructional purposes, and may not have been
selected to delineate or circumscribe the inventive subject matter, resort to the claims
being necessary to determine such inventive subject matter. For example, the
specification uses the terms transducer, converter, and piezoelectric crystals to refer to

devices that generates ultrasonic vibrations in response to an electrical driving signal.



10

15

20

25

30

sel ected to delineate or circunscribe the inventive
subject matter, resort to the clains being necessary

W@ eoodesaniri ne such inventive subject matter. FRCT/US2004/037177
exanpl e, the specification uses the terns transducer,
converter, and piezoelectric crystals to refer to
devi ces that generates ultraspnic vibrations in
response to an electrical driving signal.-AAl so, the
termresonant frequenc
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present ent e
7 RHERER R 1 A Bea Db B e BeboE Bl 'S |
val | Fipgged o MeWQ}f&ﬁ@I‘I’ﬁﬁgenﬁi‘f@@ﬂtWﬁyFéﬁ ofth@agohRsEMbducers and a
i nvention. Figure 6 is a diagram of frequency ranges
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f ol | BUGURYO & aHageMyy froqency] pagssdeicvantdap ginppdimengef the
res and nmethods illustrated herein may be
pltg?r%t%\{egﬁémﬁjt hout departing fromthe principles of the
i nvention described herein. A first aspect of the

vl b AN LD ESCRIGH B File e has rbefonpmnygs
or thpe ﬁraq‘hflésede%ﬁtt VARG rbReeQ EmbE&aRAR o fftﬁ@?ﬂé%iﬁ 'uﬁl%ntmn for
that supply Ultrasonic energy to a liquid t ank
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fgqugg glcégl{sglo%rtgat a tg;n% i\gebclel}ébg 'm%nts ?%he struc u?éc’st arnlélCt Itl?ods

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, although this arrangement can also be used on one or more side walls of a
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arranged al ong diagonal lines in an equilatera
triangular pattern on a bottomor side wall of the

W0 2008/044dme arr angenent of transducers i s shownPCTIUS2004/037177

Figure 1. The viewis of the bottomwall 12 of a tank
or vessel used for ultrasonic cleaning or other

ul trasonic liquid processing,salthough this
arrangenent can al so be used on one or nore side malls

- tank. T ty t
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tomo
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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Each transducer has at |east two adjacent transducers
of different frequencies. Preferably, there are equal

woensbess4of transducers of each frequency, whiREI/US2004/037177

ei ght of each transducer 14, 16, and 20 in this
enbodi ment. A third arrangenent of transducers is
shown in Figure 3, which is ap arrangenent i ke that
of Figure 1, but the drain 22°is in the center and
there are thirty-two_total tr nsducers
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geousacl
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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transducers 26 and 28 are powered by a generator 29
that supplies ultrasonic frequency driving signals to
wo b@sosamsducer s. The generator may provi de drP@T/0§2004/037177
signals at different frequencies to rod transducers
havi ng different resonant frequencies, or a sweeping
or alternating frequency driy%pg signal that includes
all the resonant frequencies of the rod transducers.
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us ed Fonextanwpls asemsythaicthe sweepeireduencymaes iss3a toekl XHe, and that the

R bR 5 RS s BT AEE TS Ui ot
trasdaberk BAplezceldbtid ERyBlaRHAN Bhe witAla 1B3CHARI RequBRSHEELREEN 39 and

the sweep frequency range is 39 to 41 KHz, and that
39fé KHz and another with a resonant frequency of between 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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mnimumdifferential is .5 KHz centered in the range.

That neans that each pair of transducers or
wr@zoel4ect ric crystals has one with a resonanPCT/US2004/037177
frequency of between 39 and 39.75 KHz and another with
a resonant frequency of between 40.25 and 41 KHz. None

of the transducers or piezoel gctric crystals in this

exanpl e have a resonant frequency in the excluded

subrange of 39.75 to 40.25 ﬁgﬁ Thi s aspect, of the
transgEeRrs Shpiezoeleqiicenyaialsy Prsfeieplyn the ercludrd sehrangec36 is between

1024 93 of BE St kbt il BERRIABYId Senbhfh Y
of t Aecdrdangxdtidie thirdespednt tHerinvereioa] ths piczotleetniuensyals or
subrange 36. The resqnant .frequency of each, transducer .
treps s BB EU e e igne Fl%sniﬂaE‘afgglyemaéa?%yn%ﬁ%ewzoelecm
crﬁ[gfseor@faﬁs&ee&he{trn@é@gg redet@AHGRCIRSRa b ukOE BreClbisad:

range 36. The boun Ies of the excluded subrange
fréfuedeies maythealerminedrydedtingrtentramsiducdrs bhpieraedartrindrystals and

frequencies of, the-8- transducers or piezoelectric
Se&‘?cs'}’ggél?@r.’ AL lggé%fw,teﬁtﬁeéu%(cl uded subrange 36 is
bet wegHR a%}t%’h& 8Nfhe 29énAbn bPRic8M hif BltfakGHY BRENinS @f‘ﬁ&uia‘brct)cessing

&
swept by the generator. According to this third aspec
prokesstvehergin éhe prodetempinepiesonel equency diffesentiag (excluded subrange)

t d f act ith.t i red. .
] PP it TR SRR BO A eSS e qna igpopectof
tHeiBVERHE ey dldtiie dPplitd i@l ReRlif, Plageljdiing Srirébédding and/or
used. The resonant frequencies may be determ ned b

othgsmpgigal g5 ananuiacseringairacespespismgdbirasonics c Furthermere t%n @spect of
; : hi
OSSR 8 TS AT e L b cors o
di¢feesm fregueicidsiof with gush-gal 2ic s@gkr R ssmyheesiof difft@ent frequencies,
predet ermi ned resonant frequency differenti al
a%@%@m@ﬂbﬂm§ﬁbrange) and the sweep frequency range are
sel eFfo?ﬁi t}fé%g(lg H&Qri?@oﬁ, %ﬁp&l dpg)glte'npﬁlat Eﬁg'iﬁveﬂﬁgﬁ 8fscl%ed herein
the 1 nvention nay afso 'be appli to netal welding,
proiviets amojveli anidagy anthgeoubualtdsonic prodéssingaipparatuseit eadthal using

nufacturin rogesses._using ultrasonics. . o
milinie, GropeeTs ool desB e R SR YL GROig e g adiquid
finkd Aing @oﬁ%aﬁ%aércgﬁq@neﬁfs kG PEEIRBA &%réée@é‘e‘&ﬁ?tr%s?ﬁi&%ﬁ&! CRRS

of different encies or wth push-pu
fage g @ disarsskion rdaseigas ardsdesériletis nfierely rexemp gy ewetiods andis

descri bed .above. Fromthe abowe description, it w.ll .
oo B i 2% Higient HESPRferfes B B GRFGuBe Refephfatiliar with the
@/ tRY ifl@ftich MAY Bk eAMEdiRE iRHhBLERESicCUbIhAW RN departing from the

processi ng apparatus and method using nultiple
spiribesessasiak chpfacieristics thereoht Ateardinght thesdisdosyoppf the present

inl%flertltridansfg MhesnFdGH B ilrh?str%tixllé, At rtljot limiting, of the scope of the invention,

which is set forth in the following claims.
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filled tank containing conponents to be cleaned or
processed ultrasonically. The foregoi ng di scussion

waele®shores and describes nerely exenpl ary net hedeus2ed4/037177

enbodi nents of the present invention. As will be
understood by those famliar with the art, the
invention may be enbodied in @ther speC|f|c forns

Wi t hout departing fromthe spirit or essentia
characteristics thereof. Accordingly, the disclosure

Vet isfdaipieddsnt i nvention is intended to be

i1 Tugtrat A‘ﬁ &ﬁh é%‘gtsglg%%ﬁ{hgamggoﬁlﬁ?o .ope of the

i nventi on, In the OMAng
cl ai ms. 9ate\ﬂkadpem>la:foabmﬁaﬁnirgaﬂmdAn ul trasonic

Cont i ni nEUE BESOHE CRRSRERFerleb R e Hr o pperll for

coup EfR u
oLt A e L P L P e e SRt prgug of he

f i r strampdocgys bés 4 fisst tesemand frequenciiasd a sé¢andigrowsafithertransducers

Secot 1 SeamameorPL HaanayY L abnl FBRIRY SR frebfiy Freauency,

firshnd ®EQRANthe taBMHRHS Yre eﬁrf&ﬁlg&@ﬁ{aﬁi iR rd] i SHLe Phtern along
are arranged in an equilateral triangular pattern

al ondiagoraydines sq thaench transsicerdwe at bﬂaﬁwe @dseent ggmgducers and at

act alaOte ARGt BB PR B SRy ana

frequencyj gafdtatr GRARY Rk QlippIAAS SrivRig ssehal v itidtralistlivieny
signals to the transducers. 2. An apparatus as recited

in claiml, wherein the generator means includes a

genepat or LfygLu%gls r@c‘rﬂ%ﬁ 119{31%1‘1?10&/ élreﬂlntﬁg ggﬁerr:?‘to means includes a
wher €i n eac &ierat or supplies a r|V|ng S|gnaf A3
géieatoesomphidtto kadngeng yf tinsdicerg sdetdiakeach gonergporatipplies a driving
transducers. 3. An ultrasonic proceSS|ng appar at us
sigaat theireepnant fregneney el ifiasercialrd SoMp & HRRSUSES ui d:

mul tiple ultrasonic transducers coupled to the t ank

and operable for supplying ultrasonic energy to the

fluid. in tAmeltrasokijc p)foea*seihg appaframstomprisjpg of the

transducers EU? i resonanft frequency, wherein a
second gr 8lkAPerable (Fﬁﬂ@ﬂﬁ@ﬁ%% ¥ids a second resonant

frequency n{dTﬁ‘ﬁle firAbhit SaBucts QBﬁﬁlQ& td the $nk! HAYPEAble for
frequency, wherein a third group of the transducers

has supplying ulteesomiaeneriy ¢eytheityd tnhthe tank, whefear afitst groumof the
the {rarrlssﬂtucearg %a 8 st gesgggn? ?I%H}lel‘fcgl,e \%nggf:nl & ss’econci1 group of the

transducers has a second resonant frequency that is different from the first

resonant frequency, wherein a third group of the transducers has a third resonant
frequency that is different from the first and second resonant frequencies, and
wherein the transducers are arranged in an equilateral triangular pattern along
diagonal lines so that each transducer has at least two adjacent transducers having
different resonant frequencies; and

a generator means for supplying driving signals to the transducers.

4. An apparatus as recited in claim 3, wherein the generator means includes a
generator coupled to each group of transducers, wherein each generator supplies a driving

signal at the resonant frequency of its associated group of transducers.
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wherein the transducers are arranged in an equil atera
triangul ar pattern al ong diagonal lines so that each

WO c@ssdueer has at | east two adj acent transducRP€BUS2004/037177

having different resonant frequencies; and a generator
means for supplying driving signals to the

transducers. 4. An apparatus .as recited in claim3,
wherei n the generator neans includes a generator

coupl ed to each group of transducers, wherein each
generator supplies a driving signal at the resonant
freqgency ,aof i ' .r-ansducers. - 10-

5. Aﬁ'uIté%ég%%%ngﬁggéggpggp%%%ggg@%gﬁ%g' rising. a

t ank oper alkdnk dperabiofor aomthiningea flbidi d; nul tiple

ul trasonic rod transducers cqupled to the tank and

oper abl e FRHtIRIE BHIasoHg fQF[ ?%@35%%0% theytapk ang ppgraple for
int i€} } :8 tiugd AR Bkt i

tr anSBLEnS M ARGHE ey 4 HE IR e Bk RRcloB it roup of the
secomdl ipnedyreoy hashinsotsdmanSelyeecy atvhs saroaé groug of the rod

resonant, freguency that is different fromthe first
" s oRamued Rich e ond oy Brarcies et it fileregt from the frs
Supplegbiteht feh¥dndy; #ignal s to the transducers. 6. An

ul trasoni ¢ procesSsing apparatus conprising: a tank

oper abl e #&genaraint sieansipr supfpllying driming|segnets tomlee transducers.
ultrasonic rod transducer coupled to the tank and
operabl e for supplying ultrasonic energy to the fluid

in the tapkultthohl pro@Rsifg hpshrithabsHpsahghas an
ul trasoni c converter |ocated at each end of a rod,

wher ei n t Aéankgpeable fgs @@ﬂt@inmgrﬁ/félﬂiﬂe.r s on each rod
transduce %telg%\é gn? hftlfa% 801od EaAa 8§£p§€t¥ gog?llﬁ ?aﬁlg Sa%ﬁ gﬁf,rable for

wherein t ransducer tesona

f r equgplyiLs illtaschia eaape tathe fluldm thel pRkywhee ¢hch Yod@ansducer
signal to _the transducers, wherein the generator

supphasead Wiesonis cAmerieilperind atreach end afta Podewberminythe svo
one Efgﬁaﬁ@?@ OordveftBi ol eatth {&f;tr:ﬁl@ﬁlpce? ﬂ?\;ea(ﬂ?feiseﬂp Pelsbr?a[snﬁ grequencies,

anot Iving signal a second frequency to

ot heandwhéraimahe codwmsendes resonatesatlbotiotbsonant ABquencies; and

ul trasoni ¢ processi ng appar at us cqnprisin%: a_tank i
oper abl e #8FNEHYAE rﬁPPéylé‘gfai drivine sighal ity the tiansdugsesnvherein the

rod bEARSIUGSHRCCOIRIRShS QotdIS: 4 AR rRRGHRPES Bl Sith@nic

converter on each rod and supplies another driving signal at a second frequency to

the other ultrasonic converter on each rod.

7. An ultrasonic processing apparatus comprising:

a tank operable for containing a fluid;

multiple ultrasonic rod transducers coupled to the tank and operable for
supplying ultrasonic energy to the fluid in the tank, wherein each rod transducer
has an ultrasonic converter located at one end of a rod, and wherein the rod
transducer has multiple resonant frequencies; and

a generator for supplying a driving signal to the transducers, wherein the
driving signal alternates between a first frequency and a second frequency, and

wherein both frequencies cause the rod transducers to resonate.
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supplying ultrasonic energy to the fluid in the tank,
wherei n each rod transducer has an ultrasonic

w@owsbug4as | ocated at one end of a rod, and whepeCPRUR0WHNE37177

rod transducer has multiple resonant frequencies; and

a generator for supplying a driving signal to the
transducers, wherein the drivjng signal alternates
between a first frequency anda second frequency, and
wherei n both frequencies cause the rod transducers to

r esoffat e. AMulirpsonigpIgressiRg AP ARYS SEBBEFIAG appar at us
conpri si ng, [ N ' ' r ar
suppl yi nggffﬂl z%é%tﬁilsgmg rﬁfg?lggsf)&%aeb?a{dﬁ %gﬁquﬁlgtﬁgésgﬁ% ofrey:
t he wihereds afiirst goep afabe blmsanié dedtestas afastiredonasfest@¥ncy and a
and a second group of the ultrasonic devices has a )
secoftFoPd SR the Biraennis devicas has a gpqond resopant ieguensy that is

fir Sﬁggegérg 3@)?1; tHe" Enhnt ﬁﬁ&eﬁ?}‘rﬁ, gl WHeREE ﬁlelkeZis A excluded

exclu nge between t st and secon
r es omatrangdertegweancthe §irdt mandikécohd nesoram firelghencidstin &dieh wone of the
devices has a .resonant freafjenc?y’]‘é,_an a generator for

suppPaseRs dgYiFes g adpspmant fFeguensys @i r asoni ¢ devi ces,
wherein t hbh ' VRSB siloRaif P -
throulhou?%gﬂ?gﬁgggfﬁgggﬁﬁgﬁ%ggggﬁﬁgdégclugg%%?ﬁﬁrgﬁgg

and W?meretile@@rdamng‘ Jigopl eaésas frefuetvy thilovglamomirange that includes the
devi ces. . 9. apparatus as recited i lajm 8, )

wher SRR ERe RO R MetB R Telsc aes dofie Hohoticcosess

of the frequency range of the driving signal. 10. An
apparatus as recited in claim8, wherein the _
ul t r 8soni Anpppiglss agreciisil én eleire 8t whereisy the ex¢ludedisibrange is
S j i laim8. wherein th
ofRE B S b el e B TR R AT BB e o s
as recited in claim11l, further conprising a tank

operable for containing a fluid, wherein nultiple
ul t r &Qoni AnapRAEEIs@s recligd &n elaip Bewhersin the ultepspnie dgvices are

: supplying ultrasonic energy to the fluid
pl%%&iqﬁéﬁltggﬁg{alsand wherein the transducers are arranged

in an equilateral triangular pattern al ong di agonal
lines,so that each transducer. has at | east two )

adj ai Lnt ONARRHGEISAS reiigd 4 clpim 8 Whereindhe glgsenic devices are
thi@ansgucer has a different resonant frequency. 13. An
apparatus as recited in claim1l1l, further conprising a
tank operabl e for

12. An apparatus as recited in claim 11, further comprising a tank operable for
containing a fluid, wherein multiple ultrasonic transducers are coupled to the tank and
operable for supplying ultrasonic energy to the fluid in the tank, and wherein the
transducers are arranged in an equilateral 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.

13. . An apparatus as recited in claim 11, 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
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containing a fluid and wherein the transducers include
a first group of transducers having a first resonant
woe@quendy, a second group of transducers havi PQI/ES2004/037177
second resonant frequency that is different fromthe
first resonant frequency, and a third group of
transducers having a third regsonant frequency that is
different fromthe flrst and Second- 12- resonant
frequencies, wherein th ransducer C
resrank sFkeanEs SpErb e ORIERIS Fatpier S GHRETR RRRgye fo
sugﬁlé/h% l{rg%'ng: én@ré 6 theAfifid iR (e a8H RvheREn tHeaRhedI&eFsSare
rrange n equilateral triangular pattern
arﬁhgdftglnchna@luﬂaibraﬂ mvagulaopattm alpag diagoasldings eo thaagacattransducer
| east two djacentg}gl ducers..havi nggl {
has gL iSAst VoA cerp JaviRg ?fS?tafF Ak f‘?“é‘@??%% i n
claim, further conprising a tank operable for
contalnlng a fluid, wherein the transducers are rod
transducehs appmrghe s teoitechian dlainkl lafierthes epmpriging gitank operable for

BB TRt RSP0 s Bt

oﬁéPdHPé fo? 'sﬁ%lﬁn&%ﬁkas@ﬂ@ A&t td fie fanaLaheitag. a fl uid,
wherein e transducers are rod transducers coupled to

t he tank and operabl e for supplying ultrasonic energy

s 1 ul S e B ORE /RREL SRR LARRURRASEE Gerable fo

con@nina eTued, Rvﬁdi‘@n &mraﬂsﬂm@ssme @octﬁﬁnsdmtem smqﬂedaaahe tankl and
transducer have different resonant fre rg{;m es,
a

opgFbleios Stlmymwltf%sawg&a%réw t esgiue é%th&t Pherin g gﬁf’d
tern 8&%? ﬂgé eﬁrc' ﬂbn%#téﬁﬁ@aﬁécf afRally oﬁe%ﬂ%m the two
I Sl ng provi |ng nmu t|p e ultrasonic
uldﬁsdnﬁe&m?mdﬁrabhfeacflmrodsmppdh;cen@awl differsniniesonentefreyuencies, and
wherein a first group of i’ﬁgi ul tras n| c devices has a
whereithe gadsfransduger s0Hes At 1598%1@86 APy of the
ul trasoni c devices has a second resonant frequency
that is different fromthe first resonant frequency,
and Ifer eAn Wtresosicipsocssiex mietivddompuistngdee Hepswfen t he
first and secgond res nt frequencies i i ch.none.of .
Lhe ul ¢ 1 aBoNTEhemy e dasort FSGR aherep Ll MRIRE lysonic
SUPPLer £ vehetllih Yihg g%&iﬂ?ﬂ thé Blt£al6hid hé\rlaésq&b q fHQMEENt
whereln“the driving signal varies in frequency
t hr ofrgnmmmty and aﬂ@:@nd gecup; off thed eresaniredeasiass hiaed seegbd sesgaant

and res n reguencies [
devi 8%‘16“@7 {fﬁrgg yn ﬂi fl{sg &P ﬁang AN '?ne%%g Eﬁi\%vg}eer?lﬁ there is
the gxetdnsird sﬁuﬁahgmawe&l e tfweiend k6ondnesonafbfedqutides in which
frequency range of the driving signa
none Of the ultrasonic devices has a resonart frequency; and
supplying a driving signal to the ultrasonic devices, wherein the driving
signal varies in frequency throughout a range that includes the excluded subrange

and the resonant frequencies of the ultrasonic devices.

17. A method as recited in claim 16, wherein the excluded subrange is

between 10% and 25% of the frequency range of the driving signal.



