WD 2004/ 028202 PCT/ US2003/ 029637 SLEEVED ULTRASONI C TRANSDUCER BACKGROUND
OF THE INVENTION Field of the Invention 5 This invention relates generally
to ul traswoi2o0qesmeat ors, transducers, and converters, PamtUSe@i3aLess7 nor e
particularly to an ultrasonic transducer or converter having a two-piece
head mass or front driver, where one piece provides good thread integrity
and the other piece provides good acoustic and/or heat transfer
properties. 10 Description of the Relevant Art Typical prior art stacked

ul trasoni c transducers or converters 10 and 12 are shown in Figures 1 and
2. Both transducers 10 and 12 have multiple PZTs 14 (piezoelectric
crystals or transducers), which are annular in shape and are | ocated
between a tail mass or backgdtgwias uLeraRSNC TERNIRSSERr front driver 18 15
(Fig. 1) or 20 (Fig. 2). Abolt 22 is threaded into internal threads in the
head mass 18 or 20 to hold the converter together and to conpress the PZTs
14 Dbetween the head nass anBACEGROWSS OFATHE DSVERTION S| eeve 23
electrically insulates the PZTs 14 fromthe bolt 22, and el ectri cal
contacts 25 provide electrical connections to the PZTs. A threaded

ext ensi on 24 coriigd bftht heveRfbnconverter to a booster or horn (not shown)
used for ultrasonic Id|n iml|ar i cation. The PZJS operate in
bt ckness. mode. whi ol byt erstpted gpterety M R in et OB FHRRRER | n ¢ he
direction of themngestveRbrsant Seldbs Bbre pheicilidNpdy Glfasonid ighshereormass 18 or 20
is tapered in order to arrpllfy the anplitude of the vibrations of the PZTs
14. 25 In Fi guréoﬂvertleh]@"ﬁ@zfcfwﬁé’éf‘scekgadl@aséo%ﬁr%p’é"%‘f’]&r‘? e R¥Eh as al uni num

or titanium Algsiddd BobBread idshbdnidRe dihertphab plokidddSocd abinhc hdugsrnal
capacity which is useful as a heat sink for transferring heat away from
the PZTs. Howestt taRsfERTARRINSSs a rel atively soft metal and the screw

t hreads needed to -1 WD 2004/ 028202 PCT/ US2003/ 029637

10  Description of the Relevant Art

Typical prior art stacked ultrasonic transducers or converters 10 and 12

are shown in Figures 1 and 2. Both transducers 10 and 12 have multiple PZTs
14 (piezoelectric crystals or transducers), which are annular in shape and are
located between a tail mass or back driver 16 and a head mass or front driver 18

15  (Fig. 1) or 20 (Fig. 2). A bolt 22 is threaded into internal threads in the head
mass 18 or 20 to hold the converter together and to compress the PZTs 14
between the head mass and tail mass. An insulating sleeve 23 electrically
insulates the PZTs 14 from the bolt 22, and electrical contacts 25 provide
electrical connections to the PZTs. A threaded extension 24 connects the

20  converter to a booster or horn (not shown) used for ultrasonic welding or similar
application. The PZTs operate in thickness mode, which means they expand
and contract primarily in the direction of the central axis 26 of the transducer.
The head mass 18 or 20 is tapered in order to amplify the amplitude of the
vibrations of the PZTs 14.

25 In Figure 1, the head mass 18 is a single material such as aluminum or
titanium. Aluminum has an advantage in that it has a high thermal capacity
which is useful as a heat sink for transferring heat away from the PZTs.

However, aluminum is a relatively soft metal and the screw threads needed to
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retain the bolt 22 and threaded extension 24 are correspondi ngly weak.

Ti tani um has superior material strength and thread strength as conpared to
al um numwbupodias20a | ower thermal capacity and cannot alp€orUs26084296a%
effectively as alumnum 5 The transducer 12 shown in Figure 2 substitutes
titaniumfor alumnum in the threaded area of the head mass. The two-pi ece
head mass 20 is conposed of alumnumin the proxinmal piece 28 next to the
PZTs 14 and is conposed of titaniumin the distal piece 30 that contains
internal threads.lQ fBiH Wb, a . 14 extension 24. A
di sadvant age of g%@_h AR V\o-ap?(g%% ﬁ%ggér‘%ﬁa%g%%g}ergﬁan #@99’%%% it does not
perform as wel | Tagniamdiag giperigr reaferiah stzagtmed thr¢aBistyength d5)cobwemdée havi ng t wo
materials interf i ' ' head mass and
Thetr anom osi or By B PR Sl B laneb B EREREE 072, T e he
boost er or hor n.effectivelytserluapini.cat i ons, an ul trasonic transducer nmay be
attached to 15 surface to whi ul trasoni,c vi.brational .ener is to be
transferred. %For exa&%‘f&?ﬂsg]{cﬁéié{]ﬂ”g&ﬁ%ﬁ’? 2SuDSHIfLes J{ignayirp Lot Wﬁ% of a tank
hol di ng a cl eaniinesiataded arRa anthe hédd midds. CThetip @idcs héad s 20 Babe@osed
ultrasonically are imersed. In such appl.i ion, the ultrasonic
transducer may (9L Ay Wéﬁ?pr%lﬁ’&ﬁﬂ‘e‘i%%tr’ﬁﬁggﬁ%%é3?’f"écic’é.c"%% &, if the
material of the tianm aide 8ibal piede Ikt beALInNBRMaBheaddiothfté RTtRMHe, there may
be a m smatch i he co cients of thermal expansion whi ch can cause

n ffi (
failure of the 5’8&@%P%%B%ﬁde¢%e$QHQ4ﬁéf1%€V %f’%?“cﬁﬁ&f’?'flef’%\hﬁﬂd_t he head
mass of the 1ior angAyERignTRhatieddBRd6: RffoRh M dYa '\s/'iiﬂbgleﬁhe&%‘éﬁ‘d midsgni ficantly
different coefficients of thermal expansion. SUMVARY OF THE | NVENTION 25 In
sunmary, the pr dEighte 1) hecenteihghing §vgmateddy Bitprigres waldhg amnlitgdepdined

conprising a thftﬁ@ﬁﬁéeéﬂe@@}éﬁsg A0 1 anRRHsdio ftﬂt@ﬁoﬂ@@fﬂ;&%ﬁﬁﬁ eﬂégg;aa” out er

housing of a different nmaterial for the other part of the mass. Since
the head mass iftonciaBédetd the baogisr prhors, t hey can be nade of different

materials, each sele . [ i t function. The
t hreaded sl eeve is p?&eﬁe?ré%?lilc Q@S%@?ggﬂgfﬁ%@g&%& Fﬁ;%iggrg#atcﬁ%cﬁ%ﬁr ovi des
superi or t hrl@ad sstfacertghich oltranedid vibratiertahertefmy is to be transferred. For example,

the surface may be the outside surface of a tank holding a cleaning solution and

-

in which objects to be cleaned ultrasonically are immersed. In such an
application, the ultrasonic transducer may be adhesively bonded to the tank
surface, However, if the material of the tank and that of the head mass are

20  different, there may be a mismatch in the coefficients of thermal expansion,
which can cause failure of the adhesive bond. The tank may be made of quartz
and the head mass of the transducer may be made of aluminum, which have

significantly different coefficients of thermal expansion.

SUMMARY OF THE INVENTION

25 In summary, the present invention is a sleeved ultrasonic transducer

comprising a threaded sleeve for one part of the head mass and an outer housing
of a different material for the other part of the head mass. Since the head mass
is composed of two parts, they can be made of different materials, each selected
to optimize a different property or function. The threaded sleeve is preferably
30  metal such as titanium that provides superior thread strength for mating with the

bolt and threaded extension, if any, while the outer housing is preferably
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bolt and threaded extension, if any, while the outer housing is preferably
-2 WO 2004/ 028202 PCT/ US2003/ 029637 al um num or ceram c that provides good
t her mal hwet2oeiR20capacity and/or transm ssion of vibr&Cirarsaéoseessygy. The
conbi nati on of the two conponents provides an inproved ultrasonic
transducer. More specifically, the ultrasonic transducer of the present
invention 5 includes one or nore disk-shaped piezoelectric crystals,
wherein each piezoelectric crystal has an axial hole; a tail nass

posi tioned on ong,sh(g oPéer&Jﬁ*‘c‘ thali:’g%%ﬁgé go%hrtﬁe%nﬁr}%&tsﬁh(%a L5 the tail

mass includes an axia osI t1oned a side of the

pi ezoel ectric cr@@ﬁlaﬂssom?fpfdyﬁm@akqmergvaffhe mnatlmefiéﬁ fwo ¢dmeponerdsl mass has
an internally-t readed bolt 10 positioned within
t he axial hole gﬁgggggnp zoehl(?tlr ??§H%$§%ep and the axial holes of the
tail mass and head md&se grdifitdlye thd atfrasmtiotrdnkdéncendfeheabdeyt intantieded axi al

hol f th d whe b I
crystals  betuodhThsopeindi it A Rusy s RERE SRR MGaRREEC": nel Laes two

pi eces conposediabelditfi @yesithanit £4dlAbs; a fail elasdposiioned dir @ didld ostheeve t hat
has the 15 internaIHX thre% ed .axi. a| h%]e and has a afg% qg(#aneter
section and fur tREPCITTE TR IO tE Ll s Sichiges anaaxial Bo e §aut si de t he
r Ieduced d iOI amﬁt erposiﬁsﬁdﬁ(vﬂ a 31défotf1tﬁa@ldzhé’létﬁxﬁiﬁdyﬁz{m@p@sneﬁhfﬁcaﬂrnﬁi@é wheiethle t hr eaded
sl eeve and the outer housing hav contact surfaces qn a pl ane

per pendi cul ar t&ﬁ%waﬁﬂaés}&ﬁ qllg(aé@i’n‘%éra’“a]ﬁl@% ancgﬁ)thﬁaé?&oétbl y, an outer

di amet er of fiphe ﬁoel@aﬁe@d;vldﬁﬂﬁshﬁal 1RCSfeddh pdzob1B&rié B aaded iR RAYRolbsS
substantially equal to an inner diameter of the one or nore piezoelectric

crystals. The féﬁtﬂt?rt@%méﬁ&n‘éb‘%ﬁéﬁlﬂaébwtb’@%@?ﬂl“ﬁ@@lellﬁe@h@ theaded 9%éadt i on are
not all i nclusipg oricheR@bisCh@EihYhe HB%X glqgéeg {hggﬁoél%w a1@nd
advantages will be 25 apparenf to one of I nary inthe art in view
of the drawi ngs begfrﬁ@nitheﬁ@hm%ﬁndhwdn@lsaﬁiwhh@drl@@ﬁfs inclusiewbvoapicces t shoul d be
noted that the | H%?%g%f&ﬁ?@ nf fatb s, i ﬁ‘{gfa'tﬁl%ﬁde(a@leg@esthg%gpthgr' ncipally

sel ected for reada Ity and instruction
15  internally-threaded axial hole and has a reduced diameter section and further

including an outer housing that is axially outside the reduced diameter section
of the threaded sleeve.
Preferably, the threaded sleeve and the outer housing have mating
contact surfaces on a plane perpendicular to an axis of the transducer. Also
20  preferably, an outer diameter of the reduced diameter section of the threaded
sleeve is substantially equal to an inner diameter of the one or more
piezoelectric crystals.
The features and advantages described in the specification are not all
inclusive, and particularly, many additional features and advantages will be
25  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
30 inventive subject matter. For example, the specification uses the terms
transducer, converter, and generator interchangeably to refer to a device that

generates ultrasonic vibrations in response to an electrical driving signal. The
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pur poses, and may not have been selected to delineate or circunscribe the
i nventive subject matter, resort to the clains being necessary to determ ne
such 30 iwoentd/02820eubj ect matter. For exanpl e, the speciPCiraskoosn2e63es t he
terms transducer, converter, and generator interchangeably to refer to a
device that generates ultrasonic vibrations in response to an el ectrical
driving signal. The -3 WO 2004/028202 PCT/ US2003/ 029637 term

pi ezoel ectric crystal is used interchangeably with the terns piezoelectric
transducer and Rgl,p ﬂ&?zctﬁcQ%s%aﬂs%eﬂﬁéﬁh?%?ﬁol?@ﬂhftl{e ?p'ié Y8k € used

i nterchangeably to refer to ortion o trans ucer (or converter or
generator) t hrougmsduspioand PEd. 14’41%06&th%dbmasa@r@nténmrg;clpaisses to the
object 5 of int; ack driver are
used inter changlg{fgﬁ%%/ng[e%mg%yg?e? ﬁl?ﬁég%@P%@%?@ﬁ@ ?rna’ﬁlg Eer (or
converter or gmclamdrt)lrougiawhmht}mmﬁmsmmewbltaaoﬂaéatbrgmswé arthé olgedt dri ver)

and that prow de he vi rat ns of the piezoelectric
crystals. véE ‘%@%ﬁﬁiﬁaiﬁm &:t%el'% bﬁi nd’ﬁf%refsq%s a si de sectional
view of a prl or mtetchuﬂgealﬂgmme&rtdtaaﬁmfu&emfthmﬂsmgeﬁ(ohe@ﬂemss conposed of a
si ngl e netal rraterla u i de sectiqn V|e of anpot her prior
artgultrasonl c %epfarﬁé)&fgaé?so@ﬂ?l@t%%a moss{gr OIFaB ar‘i@éfﬁ" &s conposed
of two netal n&hﬁﬁlt(ﬁlbzﬁancé.ﬁleﬁﬂgatfo@s3fth§p1@zo%ledl@m%@@falsona| view of a threaded
sl eeve of the head nmass of a first enbodi ment of an ultrasonic transducer
according to the present invention. Figure 4 is a side sectional view of
an outer housing of the heBRIBBMBPESCRIPTION GH THE DRWFINGENt of an ul trasonic
t ransducer ordi ng e pr 0.invention, te 5 a si de

sect i onal v?fetsv of a glll%‘gi/ gaﬂ({%rsg%gm iy r?é’&’t%%‘?uft:régo@bcrt&nﬁ Po the present
i nvention, whi chhausiga hediemésscampassi 6f £6vge pbtaFhgttig4. 3 and the al um num
housi ng of Figure 4.

Figure 2 is a side sectional view of another prior art ultrasonic
transducer, this one having a two piece head mass composed of two metal
materials.

15 Figure 3 is a side sectional view of a threaded sleeve of the head mass of
a first embodiment of an ultrasonic transducer according to the present
invention.

Figure 4 is a side sectional view of an outer housing of the head mass of
the first embodiment of an ultrasonic transducer according to the present

20  invention.

Figure 5 is a side sectional view of a sleeved ultrasonic transducer
according to the present invention, which uses the titanium sleeve of Figure 3
and the aluminum housing of Figure 4.

Figure 6 is side view of the sleeved ultrasonic transducer of the

25  transducer of Figure 5.

Figure 7 is an impedance-frequency chart of a transducer with a two
piece aluminum/titanium front driver as shown in Figure 2.

Figure 8 is an impedance-frequency chart of the first embodiment of a

sleeved ultrasonic transducer according to the present invention.



Figure 6 is side view of the sleeved ultrasonic transducer of the 25
transducer of Figure 5. Figure 7 is an inpedance-frequency chart of a

t ransducewowoe4n2820ewo  pi ece al um nunititani um front driPCErUSA®3I®NEWIN | N
Figure 2. Figure 8 is an inpedance-frequency chart of the first enbodi nent
of a sleeved ultrasonic transducer according to the present invention. -4
WO 2004/ 028202 PCT/ US2003/ 029637 Figure 9 is a side sectional view of

anot her enbodi nent of a sleeved ultrasonic transducer according to the
present i nvention SkfihddarishQidk ol 3R M GRS onbb@Hefiord sRevdyl 9ure 10 i
an alternative embodi frent of a sl eeved ultrasonic b transducer accor di ng
to the present iulitagerti¢ amsdyieyencerding to the presémd énveuitomi simdler titkey of anot her
alternative enbqgi . | eeved ul trasonic transducer according to the
present inventi g%h@?%ﬁ?glg%s?"s&ea side view the transducer of Figure 11.
Figure 13 is a side §izote ldnahn alicewtiod erpidirhant ofd devaditltrenenbodi nent of a

10 sleeved ultrasonic transdu according to the present invention.

DETAI LED DESCRI %“F‘P@W%ﬂc P e&‘é‘éﬁﬁ?ﬁb{lﬁﬁﬁgﬁf'wms The drawi ngs depi ct
various preferred enbigdienint s sidé sdctienapvies @fitnothen wkdrhdtiva efmbodipeiitpdses of
illustration only. ski.lled.in the art wll readil recogni ze fromthe
fol | owi ng di scussgﬁﬂﬁ?“ﬁ}?ﬂﬁ?m& ERsAreer pRPardmge erPé‘?*?’P’?“b"ren #e 15 structures and
met hods illustrated BRI iERYidOGca TR tiedhcy Ififuute tleparting fromthe
principles of the invention descrihed herein. As shown in Figures 3-6, a
sl eeved ul trasonic t FEdSdider sidpsestionst ypr @t arpther glerprtive smbodiigiiwf fon has a
two-pi ece hegd nREFedidirdsbat naRaNek 8R8rdy th MePididhtlinventidy eaded sl eeve 44 of
one material and a counterbored outer housing 46 of 20 another nmaterial.
Preferably, the threaded sl eeve 44 is conposed of a material, such as

titani um or other DETAILED DESCRISTION OF THEPRBFERKEEMBOTINMENTS or screw

threads. Al so preferaply, the outer housing . is conposed of a material, such
as P %Ee graw&ngs deplfct various prefer%d embo&rrg%nts of the present

invention for purposes of illustration only. One skilled in the art will readily
recognize from the following discussion that alternative embodiments of the

15  structures and methods illustrated herein may be employed without departing
from the principles of the invention described herein.

As shown in Figures 3-6, a sleeved ultrasonic transducer 40 according to
the present invention has a two-piece head mass 42 that comprises an internally-
threaded sleeve 44 of one material and a counterbored outer housing 46 of

20  another material. Preferably, the threaded sleeve 44 is composed of a material,
such as titanium or other metal, that has sufficient material strength for screw
threads. Also preferably, the outer housing is composed of a material, such as
aluminum, another metal, or ceramic or other non-metallic material, that
provides advantageous thermal and/or acoustical properties, including thermal

25  conduction, thermal expansion and/or efficient conduction of the vibrational
energy generated by the PZTs (piezoelectric transducers or crystals) 14.

The threaded sleeve 44 has internal threads 48 that mate with external
threads of the bolt 22 and the threaded extension 24. The outer housing 46 has
a flat upper surface 50 that contacts the PZT stack and a counter bored hole 52

30 that nests or mates with a reduced diameter section 54 of the threaded sleeve 44.

The outer housing 46 has a flat lower surface 56 that is perpendicular to the axis
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al um num another netal, or ceramc or other non-netallic material, that
provi des advant ageous thermal and/or acoustical properties, including

t her mal 280coewdusiozon, thernmal expansi on and/or effici erCTaspedor46dn of the
vi brational energy generated by the PZTs (piezoelectric transducers or
crystals) 14. The threaded sleeve 44 has internal threads 48 that mate with
external threads of the bolt 22 and the threaded extension 24. The outer
housi ng 46 has a flat upper surface 50 that contacts the PZT stack and a
counter bored Nok geanshlodi Al tEShGOk fRIGE sYbE ﬁuéaﬁé’&‘&é‘eg o i affRt er
section 54 of the threaded sl eeve : he outer %ou5|n has a fl at

| ower surface 5éoltBacompresses the R4t 1A apeinsighe ippenstirfce 5050% T4/ 028202

PCT/ US2003/ 0296 der 58 of the
t hr eaded sIeeve%ﬁ%w&#ﬁ%ﬂﬁggﬁﬁ%%gygg%%%%gg%§g§%%ﬁgﬁﬁgﬁi%gggggﬁgt t he upper
surface 50 of thlaeaﬂgdellee\ml&simgﬂnﬁr@innb fm@nﬁ:é’ggeﬂttl’amlﬂmv@hﬂsﬂmmgce 56

agai nst shoulkder, 58 o | eevie. 44. Vlb at i romthe
PZTs 14 travlgl h T oL 6%“Emt° c%gﬁlseeveM at%c nt%lCt% he & TR rea%jed sl eeve
44 at the cont a«aft}behwehasusmlgan&ﬂrefsmmie%z% oﬁhethlmdéﬂﬂlmwhoum ng and the

shoul der 58 of the t ded s The | . S e outer
housing 46 is prefer%‘? Yot %‘?:lgqe?ft%?o“éeﬁ?‘l’ %Fpréeé%?%ﬁ ?fPlea t he head

PBISIS got :n adtc ss@mhmorafﬁlzhezﬂ'ihﬁass , Pl at thisbee dgaad:tibﬁ(lifz trlge head nass Ih S
ull'y devel oped in_the ta sectio 2.s0 10 that the viprations in the
cylindri cal sectaF’(BHt“g?)gaa‘PB fé& %ﬁdmaPﬁlé%t‘lfa%FlPP??ﬁnB@ttG@éﬁﬁlSe‘ftﬁ’é W pieces of

the head mage, LR vibhdcks & RO cRIkFE] /BALNET ars BEKI ABE tfsitidnDetweegat ed at
the cylindrical section so that the axial vibrations are transferred

ef ficiently froffate rigeee! thiobped agssyghers syifase 66 puilipeaing|sheder 28, is

Preferably, the,Quligr mdAiRbes s@fiol RemhaRUSed vilrAlTRE S& n3RGidan 54 of the
threaded sleeve is 15 substantially the same as the inner dianeter of the

PZTs 14. As conﬁéﬁcmﬂvé‘rqmbe prterdrouging 4 Glodhe tbre@d@rﬁée@mé‘lf Brofeygblyhtha t wo pi ece
head mass 20 (g h&%‘&ﬁ Eter oftﬁfreﬁh&ﬁ\éﬁﬂlet& Eefcﬁéﬁ)ﬂl &fthé@&g §leydQ Of the

present invention an al um num outer housi ng 4 2 11 tani um
t hreaded sl déve snhbtdmasllyﬂbcsameadsmhdimmﬂfametebefﬂlei’zﬁem si nking and has a

more effective trans A 'cQHpé%Ed to the prior ultrasonic transducer 12 with a two piece head

mass 20 (Figure 2), the sleeved ultrasonic transducer 40 of the present invention
with an aluminum outer housing 46 and a titanium threaded sleeve 44 has more
aluminum for better heat sinking and has a more effective transition of
20  vibrations between the aluminum and titanium pieces. As shown in Figure 7,
the prior transducer 12 has a minimum impedance of 11.24 ohm, while Figure 8§
shows that such a sleeved transducer 40 of the present invention has an
improved minimum impedance of 4.18 ohm.
As compared to the prior art one piece ultrasonic transducer 10 (Figure
25 1), the sleeved ultrasonic transducer 40 of the present invention with an
aluminum outer housing 46 and a titanium threaded sleeve 44 has better thread
strength than an all-aluminum head mass and better thermal heat sinking than
an all-titanium head mass. The combination of the titanium threaded sleeve 44
and aluminum outer housing 46 of the sleeved transducer 40 achieves acoustical
30 performance equivalent to single-metal front drivers.
The outer housing may also be composed of a metal other than

aluminum or a non-metallic material including ceramics such as silicon carbide,
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20 vi brations between the al um num and titanium pi eces. As shown in Figure
7, the prior transducer 12 has a m ni mum i npedance of 11.24 ohm while

Fi gure 8 wehowm2sivat such a sl eeved transducer 40 of thecCprise@at2¢dvent i on
has an inproved m ni mum i npedance of 4.18 ohm As conpared to the prior
art one piece ultrasonic transducer 10 (Figure 25 1), the sleeved

ul trasonic transducer 40 of the present invention with an al um num outer
housing 46 and a titaniumthreaded sl eeve 44 has better thread strength

than an all-al U%aiﬂ&imrﬂ%%ﬁe,r@%ﬁlﬁﬁéh@a&@&Eé?hi%é!%é‘&kdh&%ﬁ kg than an

all-titani um head nass. The combination of the titani um threaded sleeve 44
and al um num out edvahendsergicss isghtended tesmeancsthmic watstiels bavidha motieeves

acoustical 30 perf.or: i t i - i s. The
out er housi ng n%glgFlg%%agfeggﬁ%%gée offatcgoﬁéé%g%ﬁ]&ogﬁaé@uth c%%ﬁ%g%n\%é ﬁ{Jm or a
non- net al | i ¢ nmathéghi dehsityneithutbanzere poresity @s nsasotedas msdrbisc dihe gairbi de, -6 WO
2004/ 028202 IgCT/ ’Féﬁ%&)%&” 2]%637. al um num. oxi de,. on ot her .advanced ceram cs.
As used herein, STREYC& 58915 oW e AR aHC gl o MOYE i §'6 T ean cer ani ¢
mat eri al s havi ngdliractivniidtangpualyn SBicaieCabida i eepefaired fofd ofidvandelact i on of a
m cron and whi ch al so have ye hj gh density with near zero porosity as
measured in m crr8ASC #dS 6]?%? #rﬁg%agff‘e%e}&a?fﬁﬂéﬁfi%wﬁ Eﬁﬁ’l}}teuhs’ln&aﬁ?rgﬁcow ng

ul trasonic si gnahdertadforieaoutdd hewRighmpfbivésLRbistib paifdriiab@tRedisd deranBt | i con
Carbide is a pref e{]ﬁred f or m of ?dvance ceramc tﬁnd i s. made froma

cheni cal reacti dh® BFttehOPIHGI qfél.tram%ag%ﬁef&} sy thapateminum apd pthethe oyt er

housi ng i NPriQvesns1fWal hisy BEpleRid@ R trabRESIMSE Ceram ¢ is a better
conductor of ultrasonic vibrational energy than al um num and ot her 10

metal's, and may be pFiguer? gQwe ap aligmpive eusietiomphibe Biggreshbws an al ternative
construction of ehﬁB%diﬁleﬁ%ﬁhéﬁr@sgnﬁﬁ%ﬁbﬂmﬂﬁnsﬁﬁce} bE hiY BREMMatsVIGRE T ON.

Transducer 90 has a head mass 92 that has an outer housing 94 and a
t hreaded sl eeve M9gan migrdgugiesiotindmehierded slegvedie. Aogdesied diametehpastioled sl eeve

96 extends u pwargé lo\f tﬁeqvxfe?};l%fitsfggve@% Cf&&ﬁdﬂ@é%ﬁ%@%ﬁé B? o%éle %ﬂter ﬂgﬁ@lgg uter

housi ng 94 has an axi a e sized to a ate the section
15 94, The outer housing 94 has an axial hole sized to accommodate the section 98

of the threaded sleeve 96. Preferably, the outer diameter of the reduced
diameter section 98 of the threaded sleeve 96 is substantially the same as the
inner diameter of the PZTs 14. Vibrational energy from the PZTs 14 is
transferred to the outer housing 94, then downward to a bottom surface 100 of
20  the outer housing to an upper surface 102 of the threaded sleeve 96. In other
respects, the transducer 90 is the same as the transducer 40 described above.
Figure 10 shows an alternative embodiment of the present invention for
high frequency applications. An ultrasonic transducer 70 has two annular PZTs
72 in the middle of a stack, an annular disk 74 of aluminum oxide above the
25  PZTs, an annular disk 76 of silicon carbide below the PZTs, a titanium head
mass 78 and a titanium tail mass 80. The tail mass 80 has a threaded sleeve 82
that is internally threaded and that extends into the annular region of the
transducer stack from above. The head mass 78 has an externally threaded
member 84 that extends into the annular region of the transducer stack from
30 below. The internally threaded sleeve 82 of the tail mass 80 mates with the

externally threaded member 84 of the head mass 78 to secure the transducer



of the threaded sleeve 96. Preferably, the outer dianeter of the reduced
di aneter section 98 of the threaded sleeve 96 is substantially the sane as
the innewodoawes®e of the PZTs 14. Vibrational energy fPcomseéns/oP6ss 14 is
transferred to the outer housing 94, then downward to a bottom surface 100
of 20 the outer housing to an upper surface 102 of the threaded sl eeve 96.
In other respects, the transducer 90 is the sane as the transducer 40
descri bed above Figure 10 shows an alternative enbodi nent of the present

I nvention for &Qggﬁ H&ﬁaﬁ%@’%@%‘rk 9?%,ﬂdocﬁ§ks 7&"%1n&“7é$é%§&'ﬁ'tﬁeﬁe3 H%Qs“ceg 70 has

two annul ar PZTs a stack, an annul ar
al um num oxi de abdval mise 25 PZTs, an annul ar disk 76 of silicon carbide

be! ow the PZTs, a ti t%n{ &Becl?gf thg&%%nz %vg Ql%n?‘elété tt(a)‘g}lyn%%%tr% b RS 80. The

tail mass 80 has a t rea geve t'erfa readed and t hat
extends into thelteasonit &ansdm@rmecbih clelamng bysmdshown nstgcﬂes 12-03n Moove. The

head nass 78 :has_an.exte t hr eade nber 84 t hat exte ds into the
annul ar regi 8n Pe‘i‘fliucélﬁ (5‘8%3?61’&%1@}?2?4%%?83%8?6 ntér nal | y

t hr eaded sl eeve aSEiem‘dHyffemhﬁg the r.mBSrﬁe@sdvaﬁteﬁqmﬁzmrhﬂedvaﬁoeﬂeéﬂaﬁzﬁd y threaded
nmenber 84 of the he e the transduc 2004/ 028202
PCT/ US2003/ 029635 er??éﬁbysl??&g%ﬁﬁ?@& “i’?ﬁéhfﬁfzil@n‘})za Ced?fé%’s and 76

between the head mas$/l@denit @bhsdi@Scomfivatyged A5 PREAiInOdpetAliondtiaos ent
invention relates to an i nPr ovenment._ in _ultrasonic transducers used in

cl eani ng syst enstackedrppstiugtien. Sy paisalizangducenigs gne o3 mgspprfqelesticy, it has now

been recognijped cm@atls&%@nﬁaﬁf&ﬁféﬂrm%alﬁ%mméﬂﬁ\é%zwecwm ng the
tank or vessel out of quartz or an advanced ceramic material and b

y
bondi ng t he trarf&id isrorignted gq thyt expansiop and eqnireetiogfin feRponseiglapplied| t r asoni ¢
transducers Comh%al%?ﬁﬁls 1§’£x1eﬁ ln?@iﬂe'cﬂ&l QRLERLHRNT tﬂégnl é%oéec?ﬁ%%?ﬁc iSfL 0

construction. A typical transducer has one or more piezoel
crystal s shaped atail mass andomihfother siileis alieadimass. Arsareivanr balhemprFses the

P ceocl ot € ARy SRS AT PRS0 ARGSERESEL o0 11
of the piezdél ecncrunt;admylset tahk ang transmits vibrations from the piezoelectric crystal to
the tank. The tail mass balances the displacements caused by the expansion and
contraction of the piezoelectric crystal. In my prior U.S. Patents 5,748,566 and
5,998,908, I disclosed an improvement to a stacked transducer construction,
which added a resonator made of a ceramic material between the piezoelectric
20  crystal and the head mass.

One problem to overcome in bonding a transducer to a cleaning tank is
inconsistent material properties between the materials used for the tank and
transducer. Head and tail masses are commonly made from metals, such as
aluminum, which have a much higher coefficient of expansion than quartz or

25  ceramics such as silicon carbide.

The present invention has a different construction for the transducer,
which facilitates bonding of the transducer to a tank. Typically more than one
transducer is mounted to a tank, either internally or externally. Commonly
several transducers are mounted to the bottom of a cleaning tank. The tank

30 contains a liquid and parts to be cleaned, rinsed, or otherwise processed using

ultrasonics. The transducers are excited by an alternating current. Vibrations



a tail mass and on the other side is a head mass. A screw or bolt
conpresses the piezoelectric crystal between the head mass and tail nmass.
The head wae04/@822 nounted on the tank and transmts viPbTAS2@3I®2968DM t he
pi ezoel ectric crystal to the tank. The tail mass bal ances the

di spl acenents caused by the expansion and contraction of the piezoelectric
crystal. In ny prior US. Patents 5,748,566 and 5,998,908, | disclosed an
i nprovenent to a stacked transducer construction, which added a resonator

made of & e MRy e hicdherbal &ygtme%ﬂh@&%h&%rak&mg@@nw ¥f@k and the

head nmss. overcone I n bondi n transducer to a cl eaning
tank is |nconsﬁ%tﬂmﬂﬂn’allgiirthealllquﬁﬂrfopﬁhﬁrnartemfb@tamben the materials used for

t he tank and transd rom
netal s, such as al u%ﬁ%orﬁswvﬁ?ﬂ ﬁpﬁlgggém%c ’atlﬁ%gﬁrg%so %’%’tlhe Een}

expansi on than qmmuqnmmhowsmnmatél@surﬂlgla& Bhdndd@nThacrdmndeentsTdsfe pr esent
i nvention ha a er ent . ,¢opst r.u tlonf etr u whi ch
facilitates bonélqé ﬁgns§ cf”hll%t E%mnéh A mctlu at%l ank> I%} 6938&?46 12(r%*ore t han one
transducer is rrqmzbdelctﬁ@crystalaak, eleetrbdecl20j mmmaelsbgamrlzemhéa hedd nyass Conmonl y

several transdu re unt ed. t.o. t he 0 a cleanin .. The tank
30 contains a |ﬁ2§?‘&?§‘ﬁh‘ Pt aQegsl?gve gﬁﬁ Elr}oc%?rﬂg’éﬂng g& cf?h‘g 98
processed usi ng thighded st &h Gfernallp hréddad Bl Geths thadade®dedve €2 fd an al ternati ng
current. Vibrations -8 WO 2004/028202 PCT/ US2 a33/ 029637 ,caused by the

pi ezoel ectric croyEpEses e eleqiodes Safk piseeslestrinaysial d s s erms 156912i%e t ank and

t hrough the 10i quibd bbivebhithe ﬂﬁilrrﬁa%s i 18 dnld€hd 1RAK madsh2 5 C TRSbiktstHob @Ry PIg i@not her
enbodi ment of the transducer of the present invention is shown as

transducer 110 iPEeferieblycagprased ghliopp Caﬂl’ﬁ‘é of pipis i maerialand fdopdednsducer

110, fromthe tQQa fhi\ahice) 32 of Ak kirBREE s11dR 126! %Fe?éjbﬁﬁﬂﬂe%%er Hbﬁﬁ@% ectric
crystal 122, electrode 120, ceram c resonator 124, and head mass 125
that includes a compewdeda me@bwom%tadh@nafﬁn@mhaéhasrmsffiq@ml@fshermalbo| t 130 is
Uhr eaded 1t o amdkBhadt ki GAflechdatlin bnblaf bRRARGET ) fiRKey 122 and

conpresses t he e CtI’O p1 ezoel ectric cryst ceramc
resonat or 15  of'the tank. Another flat surface 134 of the outer housing 128 is bonded to a

surface of a cleaning tank. A protrusion 136 at the bottom of the threaded

sleeve 126 mates with an axial hole 138 of the outer housing 128 to assist in
positioning the threaded sleeve relative to the outer housing. All the parts of the
transducer except the electrodes 120 are axially symmetrical. The tail mass 118
20  and threaded sleeve 126 are preferably composed of aluminum material, but
may be made of other non-metallic materials or metals such as titanium if
thread strength is an issue.
An alternative construction of the transducer 110 is shown in Figure 13.
Transducer 150 has a threaded sleeve 152 that extends downward to the bottom
25  of the outer housing 128, which provides more thread area for the bolt 130 to
engage. Also, transducer 150 has an insulated sleeve 154 inside the inner
diameter of the PZT 156. Preferably, the outer diameter 158 of the lower ,
protrusion 160 of the threaded sleeve 152 is substantially the same as the inner
diameter 162 of the PZT 156. Such a construction may be more efficient in
30 transferring the vibrational energy of the PZT through the outer housing 128 to

the tank. Alternatively, the ceramic resonator 124 may have the same inner



10 124 between the tail mass 118 and the head mass 125. The outer housing
128 is preferably conposed of silicon carbide or other ceramc materi al
and i s bowodedo4/2820a fl at surface 132 of the threaded sl ®eTaS2@B8/029637
Preferably, the outer housing is conposed of a metal or non-netallic
material that has a coefficient of thermal expansion that is simlar to
the coefficient of thernmal expansion of the material 15 of the tank.

Anot her flat surface 134 of the outer housing 128 is bonded to a surface
of a cleaning tapk, t i : d sleeve
126 mates with an a?éf? ﬁﬁcglzgslfggv l%lﬁﬁ % ﬁgeul%%fsé%gﬁgg@%ﬁ%d%?goﬁg&gl?g?st in
posi tioni ng the thhicpafithd thrbaded sleqvelld.i ve to the outer housing. Al the
parts of the transd r i ynmetrical .
The tail mss 118 20 inde T EEL SrillEbl SERTedies: A 1) St ud? (U0 U}

al um num nat er i alufer botsingni®$ obthe reedlenash cot eanade ont oftadtdlioc norametallizl s or
metal s such titanibum.,f .thread.str th is.an. i.ss An.al ternative
Conat ruct i on ot "PHEAL Tk stish G6eS SR toreRiel PPE B Tae e s Bl Cer o0
has a threaded sh&ewd Wihich minshe @iteodslicdnwnbide dr bthertaieanbat depamic.25 of t he
outer housing 128, which providesgﬁpre tﬁéﬁagharea for the. bolt 130 to
engage. Al so, trafeoheRideisppolyaysialline fagiprial o fhaty e ey g8 (7 §lcPhe | nner
di aneter of the @Z)Tda&ﬁmi&mﬁﬂ%,mbbiye béiien RULBicrofctieldgect Hakred). t he | ower
protrusion 160 of the threaded sl eeve 152 is substantially the same as the

i nner  di amet er W5 & difisenppmme Yenarg, alugmg diet AL A sitely cBEhor e
efficient im0 JuaANSHRE duagtz IshE aloRhdhd @BRLrySHRingor Shsd) hRtdh4il t hrough the
outer housing 128 to_the tank. Alternatively, the ceram c resonator 124
may have the sarféeerlepeakine.netroovsiad geptds pehiggeno 3@ besvbicds anet er as
the PZT 156 wit heldf ihdhsyibvAin@rllySdne $¥8n)l Plse@ b &l Rdo oAV EYifladeenbthe top of
the threaded sl eeve 152. One advantage of the construction of transducer
110 or 150 is th@@mﬂh@yg@mﬁer housing 128 of the head nass can be made out
of a metal or non-metgl h&ecfﬁciér\!ts”&ttﬁerrfngﬂ eﬁcpaﬁ{éfo'ﬁ o?gllas%' %S&:%n&aa&é’{ggﬁo id,hat has
properties sinmlar to those of the tank materiadl, ich may be &hértz or
silicon carbidde meanoighimt itagned doendion der@nilant. The coefficient of thermal expansion

of a single crystal quartz is anisotropic (direction dependent), meaning it varies

with the crystal orientation. Generally speaking, the coefficient of thermal
expansion of quartz single crystal is about 15-20 times bigger than fused quartz
glass. The preferred type of quartz for cleaning tanks is fused quartz. The

20  coefficients of thermal expansion (in units of pm/m-°C) are 0.4 for fused quartz,
4.5 for silicon carbide, 17 for stainless steel, 9 for titanium, and 23-24 for
aluminum.

By using silicon carbide instead of aluminum for the portion of the head

mass that is bonded to a cleaning tank, the thermal mismatch is reduced

25  significantly. The mismatch in thermal expansion between two bonded
materials induces stresses within the material/boundary when there is a
temperature change. The difference in thermal expansion coefficients between
aluminum and fused quartz is about 60 times, compared to 10 times between
silicon carbide and fused quartz.

30 The transducer 110 or 150 is bonded to a surface (exterior or interior) of
the tank with an epoxy polymer adhesive Supreme 10AOHT. This epoxy

contains a ceramic filler of aluminum oxide (alumina). It is a heat curing epoxy

-10-



Silicon carbide is a polycrystalline material. There are many grains in a
silicon carbide ceramic, with grain size being a few mcroneters (direct
si nt er ed)wo 20¢wme2o0are di fferent fornms of quartz, includPag/dSaesa2e@artz and
single crystal 10 quartz. Fused quartz is an anorphous (non-crystalline, or
glass) material. Generally speaking, single crystal quartz is one big
grain. It can be as big as several inches (with only one grain). Fused
quartz is anorphous, so it does not contain any grains. The coefficients
of thermal expa i ng that
it is not di rec?‘?1 %ﬁ%ﬁ%@%ﬁ%@t@#ﬂﬁ%ﬁ Eff ﬁtitﬁlgé{sﬁg%rﬁ&gllyéo}éigﬁg on of a
singl e crystal @uodresistapisio sgviesscherogl eycling. r%mamﬁa@éﬁm@md)to bomkthe ng i t
varies wth th efficient
of thermal  expanerbaiBhe Abthah B« WGk AL RBEES, B8 FRCC 'l Coer
than fused quartz gII‘h@meoTblhcqmraaftmdermmethpmhmm‘spcpyate‘sznﬁmasanioeam ng tanks
is fused quart z oeffl n t her nal han |n units of
mmOC) are E‘; ftrgpsr@ﬁesf &aﬁléﬁdgly% iflgpflaora LlaFtIZ(Q,]Eﬁ'?I fnangange ‘ih/ for stainless
steel, 9 for t| taviliitties effcientddnstdr dfaftras@licvibndons fyn ths itdagsdacdriccthe car bi de
instead of al uni num f.or th% %glk;i on of the head mass that is bonded to a
cl eani ng tank, ®AES PHEMTER thh; tch is reduced 25 significantly. The
ni smatch in thermal BRI bV AedcYiBEsh, (el BoRspatint thRttey inddiioh nduces
stresses within the materi aI/boundargﬂeﬁl\g gn t here Is‘i“'aé t enperature change.
Py 58

The difference idclopsifeain BRpdpRA RYe 2gfageRus S E‘ﬁ‘soné‘f um num and
fused quartzgi s tRARQkEer6@ns | f ing GRRAI8 AistRscbGnd Hd¥BSbeR le nipldry CON
carbide and fused quartz. he transducer 110 or 150 is onded to a

surface (exteri @rethgds amﬁ@mwm}en&fof therrgesertrinvepfie A idRsepdpgpyhsr adhesive

Supreme 10ACHT. gl SnGRAXWVith (HOR, %e“iﬁve?m&% b&erhibddidlin %elacé?eawum oxi de
(alumna). It is a heat curing epox 2004/ 028202 PCT/ US2003/ 029637

wi th hi gh shear femseriioht denatting fbom plrﬁtor essential characigrisgfiss theraofier mal | y

ﬁggg“f;i ‘égng”? h%c%bx%&l}zt e QisTRYEE 6t b G0t inb¥filoh Minted R (580 adhesive i's

15  illustrative, but not limiting, of the scope of the invention, which is set forth in

the following claims.
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silicon carbide outer housing 128 to the al um num threaded sl eeve 126 or
152. The use of silicon carbide in the head nass provides an ultrasonic 5
t ransducewotzh@t028n readi ly be bonded to a quartz or cePamiUuS208/0R963Whi ch
facilitates efficient transfer of ultrasonic vibrations fromthe transducer
to the parts or itens in the tank. Fromthe above description, it wll be
apparent that the invention disclosed herein provides a novel and

advant ageous sl eeved ultrasonic 10 transducer. The foregoi ng di scussion

di scl oses and descrlQﬁélﬁgﬁﬁh&hgxenplary met hods and enbodi ments of the
present invention be understood by those famliar with the art,
the invention nay be enbodied in other specific forns w thout departing

fromthe spirit or e§sﬁﬂ5hﬂ$mﬁ@€&ﬁ8&£f%é&#ﬁﬁh hereof. Accordingly, the

di scl osure of the present 1T nvention 1S intended to be 15 illustrative, but
not limiting, of theomnapmn@ﬂmkhhmamp@nmknmmcmhhthhsmseadforth in the

foll ow ng cl é Qﬁ?ég%ﬁ%?%hPCT/U82003/029637 What is clained is:
1. An ultras n|@“??eﬁ§%h r|S| f one or nore disk-shaped

pi ezoel ectric cryst ah$a,11mﬁepesmmneaoﬂnondimcmcffzheephaoéleamc ayytsls,athelds an axi al

hole; a tail nas S|t|og(% on Ogﬁﬁiide of the piezoelectric crystals,
wherein the tal g?“PH PG 8% 2% hol e; a head nmass positioned on a

side of the pleZOG|e@&mwﬁmﬁ$y6ﬁ@&ﬁd0@@@ﬁ¢bﬁmep@ﬂwhahbcﬁB&Ecmwﬁﬁbein t he

head nmass has an, i nternall eaded axi al hol e; t hr eaded bol t
posi ti oned wtthPtPﬂéla%&Wa%/re f‘eeheﬁ n@%ﬂﬁsﬁ?@?&ﬁu@é F’l‘d(?%é?‘ayfoé‘f 28hd the

axi al hol es 19f the t Qilred#88BolopuiithhaaT i iMA heARRI hdk @péaeldplbmegc&ltae
internally-threaded axial hole of the head mass, wherein the, bolt

conpresses the opyst) g thewripldoles phihg fadl mast pisisad passead fhrpaded ii@e head nass:

wherei n the headpRsgyRGhULAS hYR PR EER rﬁ%m?&ln 2k veit EhapeRts thd 5
materials, including a threaded sleeve that has said i nternal ly-threaded
axi al piezoelectric crystals between the tail mass and head mass;

wherein the head mass includes two pieces composed of different
15  materials, including a threaded sleeve that has said internally-threaded axial
hole and has a reduced diameter section and further including an outer housing

that is axially outside the reduced diameter section of the threaded sleeve.

2. An ultrasonic transducer as recited in claim 1 wherein the threaded
20  sleeve and the outer housing have mating contact surfaces on a plane

perpendicular to an axis of the transducer.
3. An ultrasonic transducer as recited in claim 1 wherein an outer
diameter of the reduced diameter section of the threaded sleeve is substantially

25  equal to an inner diameter of the one or more piezoelectric crystals.

4. An ultrasonic transducer as recited in claim 1 wherein the threaded

sleeve is composed of titanium.

30 5. An ultrasonic transducer as recited in claim 1 wherein the threaded

sleeve is composed of aluminum.

-12-



hol e and has a reduced dianeter section and further including an outer
housing that is axially outside the reduced dianeter section of the

t hr eaded wheew282 An ul trasoni ¢ transducer as recitedPCh/usk@3meds3nher ei n
the threaded 20 sleeve and the outer housing have mating contact surfaces
on a plane perpendicular to an axis of the transducer. 3. An ultrasonic
transducer as recited in claim1 wherein an outer dianeter of the reduced
di aneter section of the threaded sl eeve is substantially 25 equal to an

pnner di ameter of the aRdnlofPhndhes AARN Gaiil ¥ ShabR mdodh ul trasoni c

transducer as recited in claim1l whereint ead sl eeve i s conposed
of titanium 30 IBusipgisgpmpessdnf duminamsducer as recited in claim1 wherein
the threaded sleeve is conposed of alum num -12 WO 2004/ 028202

PCT/ US2003/ 029637 6. An ultrasonic transducer as recited in claim1l
wherein the outer hoGsiAmgﬂtimoniotrpmwrmsfreatedmﬁdaﬁm1Wherésinthdcbut<ﬁsoni o

transducer as recit.e the outer 5 housing is conposed
of silicon c§r b:cil usm%lscﬁrﬁlpoﬁegngss%%oﬂl(:ca&’ ‘%hsducer, conprising: one or nore

di sk-shaped piezoel ectric crystals, wherein each piezoelectric crystal has
an axial hole; 10 a i oned on.one side of the piezoelectric

ail it
crystals, wherein th qras[)rgggal?s‘ngeﬁ&ggpgﬁngim al hole; a head mass

positioned on a si deoﬁéoxtlh@femsezsﬂzqiea?ieﬁde@ecﬁrcws;ts&mw@a@msda&e the tail mass,
wherein the head . mass has an .interna Y t hreaded axial hole; and a
t hr eaded bol t pd%?PFSﬁEHCQWW#W¥@Qﬁ%a§¥ al hole of each piezoelectric 15

crystal and fohe axi aly tiph&s pofitisde oh 3hd sﬂ@o?ﬁh@?&o@l%@iﬁc EBsflsaRkbSiAr eaded

into the |nternaIIy-threaded axi al hole of the head nmss, wherein the bolt
conpresses the (¢ edaureiaclies aeyisthaly petween the tail mass and head mass;

wherei n the head masg heAChid$8siAcheddh §5idDBEBE PRz B stdiLodpb&te
the tail mass, wherein the head mass has an internally-threaded axial hole; and
a threaded bolt positioned within the axial hole of each piezoelectric
15  crystal and the axial holes of the tail mass and head mass and threaded into the
internally-threaded axial hole of the head mass, wherein the bolt compresses the
piezoelectric crystals between the tail mass and head mass;
wherein the head mass includes an outer housing proximal to the
piezoelectric transducers and a threaded sleeve distal to the piezoelectric
20  transducers, wherein the outer housing has an axial hole with clearance for the
bolt and wherein the threaded sleeve includes the internally-threaded axial hole
that mates with threads on the bolt, wherein the outer housing and threaded
sleeve are composed of different materials, and wherein the outer housing has a
counterbored hole and the threaded sleeve has a sleeve portion that fits inside

25  the counterbored hole of the outer housing.

9. An ultrasonic transducer as recited in claim 8 wherein the threaded
sleeve and the outer housing have mating contact surfaces on a plane

perpendicular to an axis of the transducer.

30
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pi ezoel ectric transducers and a threaded sleeve distal to the piezoelectric
20 transducers, wherein the outer housing has an axial hole wth clearance
for the wol2no#me2mherein the threaded sl eeve includes PE&/US2003/029637
internally-threaded axial hole that mates with threads on the bolt,
wherein the outer housing and threaded sleeve are conposed of different
materials, and wherein the outer housing has a counterbored hole and the

t hreaded sl eeve has a sleeve portion that fits inside 25 the counterbored

hol e of the outer oual nguiBreoull ARG HAISHHESerdh o Bk od 11 claim

8 wherein the thread sl 'eeve an e outer housing have nmating contact
surfaces on a pldsmetensd theepdiicedifliametensesiipnaliths thicaded sleeyedin suhsigetially30 - 13 WO
2004/ 028202 PCT/ 6 0 i I r as recited in
claim 8 wherein % ﬁglgggﬁe{r%gﬁ%%%?térOfg@%Pgé%@%g’%gdd%ﬁ% ée{a}clssecti on of the

t hreaded sleeve is substantially equal to an inner dianeter of the one or

nore piezoelgctric crystals. 5.11. An ultrasoni g .transducer as cited in
cl ai m 8 wher gj::n t he t%'r eAg itéf‘s"“slf tér%r%fguﬁersasczrgcﬁﬁoénec 18¥ g‘fvﬁ?rgﬁi%beﬁﬁrei‘%% An

ul trasoni c transstheeeis camposed of t@ninm. cl ai m 8 wherein the outer housing is
conposed of alum num 10 13. An ultrasonic transducer as recited in claim$8

wherein the outer housing is conposed of silicon carbide. 14. An

ul trasoni c transducerny. aandidsenidgansdfePiGediied MElsinE GhersihaRasidpi ezoel ectric
crystals, wherein each piezqgelectric crystal has an axial hole having an

i nner di amet er; BOUSIAE S CRBBLSCH SERMBMBY on one side of the piezoelectric
crystals, whgrein the tail mass includes a threaded portion di sposed
within the inner dianeter of the piezoelectric crystals; 20 a head nass
positi oned on a si de 18f AnRdirasps Bansdecer psdeciieyd & drigi Hpeginithe outer

housing is composed of silicon carbide.

14. An ultrasonic transducer, comprising:

15 one or more disk-shaped piezoelectric crystals, wherein each
piezoelectric crystal has an axial hole having an inner diameter;

a tail mass positioned on one side of the piezoelectric crystals, wherein
the tail mass includes a threaded portion disposed within the inner diameter of
the piezoelectric crystals;

20 a head mass positioned on a side of the piezoelectric crystals opposite
the tail mass, wherein the head mass includes a threaded portion disposed
within the inner diameter of the piezoelectric crystals, and wherein the threaded
portions of the tail mass and head mass engage and compress the piezoelectric
crystals between the tail mass and head mass.

25

15. An ultrasonic transducer as recited in claim 14 wherein the head

mass and tail mass are composed of titanium.
16. An ultrasonic transducer as recited in claim 14 further comprising

30  an annular disk of silicon carbide positioned between the piezoelectric crystals

and the head mass.
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the tail mass, wherein the head nmass includes a threaded portion di sposed
within the inner dianeter of the piezoelectric crystals, and wherein the

t hr eaded wpaoed/@sm2of the tail mass and head nmass engag@cCarus2acmpredss t he
pi ezoel ectric crystals between the tail mass and head mass. 25 15. An

ul trasonic transducer as recited in claim 14 wherein the head mass and
tail nmass are conposed of titanium 16. An ultrasonic transducer as recited
in claiml14 further conprising 30 an annular disk of silicon carbide

positi oned between t Y ol ] I : -14 WO
2004/ 028202 PCT/ uszogg'/ %?9637&%%5’15 %"%ﬁ%’s{c“%’gés‘?gﬁff %Q&rgﬁgﬁﬁg%@%eci ted in

cl ai m 14 f urt herangonpei disknef abminum okide pasitivkedbbete¢amthapieaoglettde cpysisist i oned
between the piezgglectsig.crystals and the tail mass. 5 18. An ultrasonic
transducer, conprising: one or nore disk-shaped piezoelectric crystals,
wherein each piezoelectric crystal has an axial hole; a tail nass

posi tioned on, one SiQ§ %&1&9%18& zoglegtric.cr stals, wherein the tai
mass i ncl udes’ an axi al hoI'er™y R %ﬁ’ﬁ%@gn% itioned on a side of the
pi ezoel ectric cryst aloge opposidisk-shifed pleaddlectritsystald) @heileth dable head mass has
an internally-threaded .axi a a threaded bolt positioned within

| . .hol e; .and
the axial hol e JMRE ﬂHBFQQ%EW@é??ng@F@StaI and the axial holes of the

tail mass and head nassil aas gokiieaded ohddide dlike pibskREmA LIy¥talshwRaeed axi al
hol e of the head nmass, wherein the bolt conpresses the 15 piezoelectric
crystal s bet weerf'§ 38 mass nelygesangxigl il nmss: wherein the head nass

includes a tigeaded sliReYRaRHBXLERY oh @ sidB6f the pRZOM B dirytald sposiUcer s and
an outer housing distal to the piezoelectri¢c transducers, wherein the

threaded sl eeve PhEfaRAss stheein the Bradanasybasiap dderagivatkreaded sl bolesiad rmat es
with threads on the Bahfadeddsh Bbdiidnb®withineRAish 8516 SY &ich PRz MMBTc

crystal and the axial holes of the tail mass and head mass and threaded into the

internally-threaded axial hole of the head mass, wherein the bolt compresses the
15  piezoelectric crystals between the tail mass and head mass;

wherein the head mass includes a threaded sleeve proximal to the

piezoelectric transducers and an outer housing distal to the piezoelectric

transducers, wherein the threaded sleeve includes the internally-threaded axial

hole that mates with threads on the bolt, wherein the threaded sleeve and outer
20  housing are composed of different materials, and wherein the outer housing has

an axial hole and the threaded sleeve has a sleeve portion that fits inside the

axial hole of the outer housing,.

19. An ultrasonic transducer as recited in claim 18 wherein the threaded
25  sleeve and the outer housing have mating contact surfaces on a plane

perpendicular to an axis of the transducer.
20. An ultrasonic cleaning system as recited in claim 18 wherein the

threaded sleeve and outer housing are bonded together using an epoxy with a

30 ceramic filler.
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20 housing are conposed of different materials, and wherein the outer
housi ng has an axial hole and the threaded sl eeve has a sl eeve portion

t hat fitsworeeadestone axial hole of the outer housing. PEI/USR003l0296a%0NI C
transducer as recited in claim18 wherein the threaded 25 sleeve and the
outer housi ng have mati ng contact surfaces on a plane perpendicular to an
axis of the transducer. 20. An ultrasonic cleaning systemas recited in
claim 18 wherein the threaded sl eeve and outer housing are bonded together
using an epoxy wth ' d =15

BT Ua005 oa06ar AL AuBRLAT datihe %’ﬁ%?n‘?ﬁ%‘%&f%@nﬁa%%% b in claim 20
wherein the ceraans filiet iseluniigunapxidé. num oxi de. 22. An ul trasoni c cl eaning
systemas recited in claim20 wherein the 5 epoxy is a polyner adhesive
Suprene 1 QACHT. 23. An ultrasonic transducer as recited in claim 18
wherein an outer di Zhedeudltrafonichieanieg sicteth diresiied er clamc0i viered thehe sl eeve

portion of the threaded, sl eeve.i s subs i.al ly equal to an inner dianeter
of the one o nﬁ%@yiﬁaBﬂ@?gﬁﬁé§P?§8m€W§;ﬁ§b§i{24. An ul trasonic transducer

as recited in claim18 wherein the threaded sleeve is conposed of

titanium 15 25. An yltrasonic, transducer as recgit in claim 18 wherein
the threaded sl eeveg%' %Blﬁﬁﬁé‘@dral}%&qrﬁﬁfeﬁﬁ?ﬂmf .lmi\gw ??Wé‘é‘é’ﬁ}eﬁ t ransducer

as recited in chai®el8f Mbesdetda didieted véctibn of eI Slbd@ poRio ofhesieehded si | icon
carbide. 20 -16
sleeve is substantially equal to an inner diameter of the one or more

10  piezoelectric crystals.

24. An ultrasonic transducer as recited in claim 18 wherein the threaded

sleeve is composed of titanium.

15 25. An ultrasonic transducer as recited in claim 18 wherein the threaded

sleeve is composed of aluminum.
26. An ultrasonic transducer as recited in claim 18 wherein the outer

housing is composed of silicon carbide.
20
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