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SLEEVED ULTRASCNIC TRANSDUCER BACKGROUND OF THE | NVENTI ON21MNfael 2647 t he
Invention 5 This invention relates generally to ultrasonic generators,

t ransducengg ze0dg30nverters, and rel ates nore parti Cptpisdiode@n
ultrasoni c transducer or converter having a two-pi ece head mass or front
driver, where one piece provides good thread integrity and the other piece
provi des good acoustic and/or heat transfer properties. 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 annul ar in shape and are |ocated between a tail mass or back driver 16
and a head nass or front dJdELEEMEDIGLTRARONIG. TRANSBIUCER (Fig. 2). A bolt 22 is
threaded into internal threads in the head nass 18 or 20 to hold the
converter together and to cgg§g§§§D§£§@§£&§5é§§N£§#£een t he head mass and
tail mass. An insulating sl B ulates the PZTs 14 from
the bolt 22, and electrical contacts 25 provide electrical connections to
the PZTs. A thr egk XL aRs8i0Nn 24 connects the 20 converter to a booster or
horn (not shown) used for trasonic welding or simlar application. The
PZTs operatedin t hi cKritisentionelateygrnenllinie dHgsqnitepnassipraiansdygess. cont r act
primarily in th%n@édhe&{efs%d931atés%:§@9$cﬁﬁhy %%m%ﬁmﬁfuahmce; gansducer.  The
head mass 18 or 20 is tapered in order to anplify the anplitude of the

vi brations of t fenveterdaving a tyg-piege headippss OlﬁOIttH’éV%é’ﬂ’ﬁfer?ﬂ‘%Ele"ES is a single
material such a%r@lddﬁ@d&ﬂmr&ﬂmtéghﬁy&ﬂdt&%thélﬂﬂEbﬁMﬂiﬁhﬁg@o@ibo@ﬂvW@ge in that
it has a high thernal aci.ty which is useful as a heat sink for
transferring hedfat s E@WW?he PZTs. However, aluminumis a relatively
soft- metal and the screM/threads needed to 21 Nhrch 2007

10  Description of the Relevant Art
‘ Typical prior art stacked ultrasonic transducers or converters 10 and 12

C»—t.ﬂ

are shown in Figures 1 and 2. Both transducers 10 and 12 have multiple PZTs
14 (piezoelectric crystals or transducers), which are anmular 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
1mass 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 ¢lectrically
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 vltrasonic 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 advaniage 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 2 relatively soft metal and the screw threads needed to




WO 2004/ 028202 PCT/ U82003/ 029637 retain the bolt 22 and threaded extension
24 are correspondi ngly weak. Titanium has superior nater2dMach 200§t h and
thread strength as conpared to alum num but has a | ower thermal capacity
and cannot absorb heat as effectively as aluminum 5 The transducer 12
shown i Rybiz6idfoSsads SUbstitutes titaniumfor alum num ipthe /{529{ gaded area
of the head mass. The two-pi ece head nass 20 is corrposelgiI :f um numin
the proximal piece 28 next to the PZTs 14 and is conposed of titaniumin
the distal piece 30 that contains internal threads to mate with the bolt
22 and the threaded extension 24. A disadvantage of such a two-piece head

10 mass desi Ofudip b Al 23 dna¥382i8 BBl SPLULAR LIRS S1 gl e- pi ece head

mass (Figure 1) because having t teria interferes with the anplitude

gain of the dpitebpsitergormasad Hepngtheand theeadsessth shewmasiis asoni ¢
vi brational eaRfgHm, buii®m 4 BReREdRal BpdolifardQesleibs@b hbahg. 1 n ot her

applications, an uItrasonl c transducer nmay be attached to a 15 surface to
whi ch ul t r asoffetyEIHAA AR energy is to be transferred. For exanple, the

surface mag be t herguhaddder $215Hoa 6 Bjurd2 bibdkuboliehitg féc Lingadh Ng sol ution
~and in which.,o o b ned trasonl ar mrersed. In such an
~appl i cati on, tgég'fef@eg g@h‘ﬁﬁé‘@ﬁﬁ% ?plﬁ‘?%’ﬁﬁérfégqs\;ﬁﬁf’“%?ﬁgd to the tank
sur f ace. Homeuwumﬁxumhethérpﬁoeilmajne@mhm id BORZRd ahh&tcombostednef head mass are
20 dlfferent here enﬁﬁ of thermal

co
expansi on, |cmnélén é’a%g’éw‘fe o %On@fmtuﬁ‘gnﬁgﬁ‘éagf ®he tank may be
- made of quartboltmmhdtﬂteem’ﬂﬁadlexth&nm Aldsadvmamdnﬁwhamy-piwehmdje of

| ffi.ci f th |

o om i) 4 R Sl LAl e T LT

ul trasoni c tr &figdubdecavenipring twgmateridty istafads willetby sujlgndegamofar t of the head
mass and an oy m@&’H Sl 0 ofhddl I&Eo%%'fulﬂﬁstoﬁ{cg?doz}tfoﬂéle Q%Ot her part of

t he head nmss. gnce t he eag mass, | S compose t hey can be
made of di f f efiemtherRiZTe td the boosienerthonel ected to optimze a di fferent
property or functigRmeddy gn&ﬁ&:ﬁa&%é&g@ﬁ!ﬁsduﬁer%‘?fb@Eﬁzmné/dl‘gg metal such as

titani umthat provides superior thread strength mati ng with the
15 surface to which ultrasomc vibrational energy 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. Howevef, 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 Herein disclosed is a sleeved ultrasonic transducer

comprising a threaded sleeve for one part of the head mass and an outer hoﬁsing
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

-




bolt and threaded extension, if any, while the outer housing is preferably
_2 21 March 2007 al uminum or ceranic that provi des good 2hMareh 20Fat si nk
capacity and/or transm ssion of vibrational energy. The conbination of the
two conponents provides an inproved ultrasonic transducer. According to a
first aspect of the present invention, there is provided an ultrasonic
transducer, conprising: one or nore disk-shaped piezoelectric crystals,
wherei n each piezoelectric crystal has an axial hole; a tail mass
positioned on one side of the piezoelectric crystals, wherein the tail nmass
i ncludes an axial hole; a head nmass positioned on a side of the

pi ezoel ectric amyﬁmmh&c&@mﬂﬂhﬁgmhhﬁsgﬁﬂﬂwﬁﬁﬁ&mﬁ%ﬁkb@hﬂwhh@bhead gass Eas
an internal ly-t ositioned within
the axial hol e SPEBSn of bty A% GubiioBRRAR: B SoPBRisor s of ¢ ne
tail mass and heamﬂﬂaﬂsﬁamdmhﬂMﬁeadeummmmo the internally-threaded axi al
hol e of the head nas el I ectric
crystal s between thé@?g #ﬁ%@m&%@mﬁea.élﬁﬁﬂﬂﬁ mggfg%ﬁﬁ%ﬁgﬁﬂggﬁ mass

incl udes two pi WEaONcHIBYEeEE, Smpgsng: ope et mera lisk-shaped piezoplestiieli ng a t hr eaded
sl eeve that hascgahs whitgi s 1&’2’0&1@6@@@%1%@'&}1@%0% apdnids a reduced

di aneter section andﬁ{urther C|Ud| an ou hougl1 that is axially
out si de the redbEBE™ ‘ﬁﬁ@?@ﬂe IPﬁﬂe GHRE *hW@gﬁg §3Q8V@ According to a
second as pect oincl:he ap axisldiole; a Ivaé nhis@ositidned tea side qsﬂthmnﬁedecum ultrasonic

- transducer, I”B‘% %@%om%%etgfm r ege St'ﬁeﬁeaﬁ?nag Igasretr%gl% epgﬂFgad cf:rySt al's,

wher ei n each pi e tric cr as an axi a Mass
posi ti oned on oﬁ@ﬂbpbemdﬁﬂﬂﬁé&bWéZ@@h@@ﬂMmbmdhygwéh@eOMmd¥e|n the tail nmass

i ncludes an axi @Ezo@ﬁétﬁa c@st&l%ﬁcﬂthgﬁﬁzﬁ h%?éﬁ&@t@&ﬂm%%@hédd%sé% the
pi ezoel ectric ry t.al s opp05|te he tall mass, wherein the head mass has

an internally-t o theintgmallystheeaded ggiabholgf @&‘&@Hil%ﬁsstw}&&‘il?‘ffoned within
the axial hol e wit c@a@&ssept}em@dje@&ﬁfclc@s@rsmsmhn B chill s @ﬂ}@hdﬂﬂ@&s,es of the

tail d head . d ded to th [ | ded i al
ol & of & he. healP B I NEHLPET (LB SRA e o el SLEhPRy e, ot r i o
prystals betmeemdnﬁagaﬁmwdahﬁswaﬁdﬂheaﬂhnaﬁgﬂyﬂmhémhmplmnemﬂdmdanass
includes an out gg, NP RIEE REGH MR Furth ihd\Giil H28E} RGhihS Brat is axially

outside the reduced diameter section of the threaded sleeve.

According to a second aspect of the present invention, there is provided
an ulirasonic transducer, comprising: one or more disk-shaped piezoelectric
crystals, wherein each piezoelectric crystal has an axial hole; a tail mass

~ positioned on one side of the piezoelectric crystals, wherein the tail mass
includes an axial hole; a head mass positioned on a side of the piezoelectric
crystals opposite the tail mass, wherein the head ﬁass has an internally-threaded

~axial hole; and a threaded bolt positioned within the axial hole of each
piezoelectric 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 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




transducers and a threaded sl eeve distal to the piezoelectric transducers,
wherein the outer housing has an axial hole with cl earancélMarch B07olt and
wherein the threaded sl eeve includes the internally-threaded axial hole
that mates with threads on the bolt, wherein the outer housing and

t hreaded sleeve -3 21 March 2007 are conposed of different materials, and
wherein the outer housing has a counterbored hole and the threaded sl eeve
has a sl eeve portion that fits inside the counterbored hole of the outer

housi ng. ~ Accor di,0g.d & dridit: éﬁﬁ&lé%s %d&ﬁ%?enpﬁ@&%]lhobéﬂ}g%ﬂééo” there is

provided an ultrasonic transducer r|5|ng one or "hore di sk-shaped
e

pi ezoel ectric equistbared holged &p Fhf@d@ﬂ”ﬁl‘ﬁﬂ@%éls erpjogtiop thpkfitg [nsidgs an axi al

hol e havi ng an ﬂﬁaﬁmkﬂﬁhﬂﬂﬁkﬂﬁﬁmamkﬁm&m 1SS positioned on one side of the
pi ezoel ectric cryst mhergwﬂ the t mass i ncluges .a thr(gded portion

| s
di sposed within theﬁyﬁﬂgwg“ﬂ? EEeCRL e ‘HE“%W%E%@?%bf feds ppyide a head
mass posi t i onedamudtrasosicdangfucéheomris@no eheae tifdredisk-shaped|pizagdqeari t e t he tai
mass, wherein t S osed within :
t he i nner di ane Sftﬁ%%f’%&eicﬂe‘goe% %ﬁr%?élmsa%%%%}%%ﬁah%ﬁﬁgn%?n t he threaded
portions of themmaﬁm'wﬁﬁgwanwwheadonagsmén@dyemandam@mmmﬂéﬁs t he
pi ezoel ectric C&Hé&lﬁhﬁtﬁﬁhﬂ@ﬁﬁluﬁ&%tﬁ&éded?%&&%s&ﬁ@ﬁlm‘?ﬁm‘aﬁccord' ng.to a

fourth aspect of the present | nvention here I's. provided an ultrasonic

transducer, con?}?m%tﬁrpéthe@ﬁéowwsétﬂéﬁéke Faperpsigpeedorpede pitBe crystal s,
wher ei n egch pi ﬁé&eﬂeﬁﬁ& 61?ﬁalﬁ6p{9$§1&|thehal$nﬁ@ Whdréth tHe BkAY mads inalllllesfﬁaﬁ S |
p03|t|one on ope 1,de of .t he oel ectr er el t he tai nmass
i ncl udes an axi Zfeadsgpartio ﬁdﬁ%%?ﬁp?@é‘g 6‘§’ierf ?Iyih‘eglegq Yf\lgmfif’

pi ezoel ectric aﬂy@tmhsmﬂmmakﬂmenmhmnﬂmmdmhmassmdmm@nmwmmgmemMEad mass has

an internally-thr eacﬂ f%&‘def’e' Hﬁggbr?mls%&gve@nt%lpfaﬂ dsdatﬂﬁ%gdlﬁ)ag itioned within

the axial hole o plezo Firc Ccrys e axial holes of the.
tail mass and head Weesdiag a fontleasieds of e presems invertionfherp {-nrovidedded axi a

hol e of the heag yiRs&Snic WARIIRES, nsﬁ@l 6113%9%&%&%@6@61&86%@@' ectric
crystals between the tail mass and head nmss; wherein the head nmass

i ncl udes a thréﬁﬂﬁ&;g'@EW@“%%H?Pﬂﬁﬁﬂﬁﬁw?ﬁ@”ﬁPé@%@Fﬁ%?F#émw%ransducers and
an outer housi n@sitibsdd@h oh®siddoF thei pRzoetddid dristald, vaese deasbibmassher ei n

includes an axial hole; a head mass positioned on a side of the piezoelectric

crystals opposite 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 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 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 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.
Preferably, the threaded sleeve and the outer housing have mating

contact surfaces on a plane perpendicular to an axis of the transducer. Also

| 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.
-3a-




the threaded sl eeve includes the internally-threaded axial hole that mates
with threads on the bolt, wherein the threaded sl eeve an@lddireh 200usi ng
are conposed 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. Preferably, the threaded sl eeve and
t he outer housing have mating contact surfaces on a plane perpendicular to
an axis of the transducer. Also preferably, an outer dianmeter of the
reduced di aneter section of the threaded sleeve is substantially equal to
an inner dianeter of the one or nore piezoelectric crystals. 3a 21 March
2007 The features ahelfeatteamdagsantapesdasitibed in the pheifiegecirtnet@lli on are not
al'l ‘inclusive, ﬁﬁﬁ&&&ﬂﬂwﬁﬁﬂuﬂ&hynmﬁ?ﬂﬁﬁ%ﬂﬁ&&hﬁ&ﬁﬁdEﬁ%&%&ﬁ%ﬁ@ﬂ@ advant ages

will be apparent to one of prdlnany skill .in the art Tn view of the

drawi ngs, speci PP e obordingty skiftdd he pra B viewpfthsglirsyings; PedifiedliPy be not ed
that the | anguage clafchetddf. MeoveR) @Ghduldbd nodsd thathekeRagefkdich Bl | y sel ect ed
for readability _and j.nstructianal .. purposes may.not haye been sel ected
to delineate oﬁpgﬁg@hﬁég?Fﬁ@PPH%Wﬂbﬁgsﬁ?ﬁﬁg&ﬁﬁﬁﬁaE?xHﬁ?%%??ﬁresort to the
cl ai ns bei ng ngugmsay and ey dettlererbaee selertdd to delmentd ¢reecisusbfilecthe nat t er . For
exanpl e, the sqgﬁ%-' ] GO er, and.
generator interc a%%%g%kgH?g&§%$%¢§F%%gﬂﬁgyﬁ%gggﬂgﬁﬁég%nera?géluItrasonic
vi brations in riespByisubied mater Fercxpmplg) thejwedfiepjor psgm e teriphe - 3b 21 March

2007 WD 2004/ GR@dider RoAvHa? diBIA& 0 Biftct BRI LB o8LAa6 h UbGcdhMst al is used
i nterchangeably with the terps piezoel ectric traasducer,aq PZT. Al so, the

terms head mas<SeAHesEaToniE vibALPnSIn espanse to andlectric dpyng sietelt Bier ef er to the
portion of the transducer (or converter or generator) through which the
ultrasonic vibrational energy passes to the object 5 of interest. Likew se,
the terns tail mass and back driver are used interchangeably to refer to
~the portion of the transducer (or converter or




generator) that is opposite the head mass (or front driver) and that
provides a nmss to balance the vibrations of the piezoel @ tMarch 2047t al s.
BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Figure 1 is a side sectional view of a
prior art whbdeassndoC transducer having a head nmass caifazemd:flosd Si ngl e
metal material. Figure 2 is a side sectional view of another prior art
ultrasonic transducer, this one having a two piece head mass conposed of
two netal materials. 15 Figure 3 is a side sectional view of a threaded

sl eeve of the head nmass of a first enbodi ment of an ultrasonic transducer
accordi ng to thgnRpReRRbiric cAMENS ksedintefhsHsbSIyiwitSthateihdiRes@edriconal vi ew of
an outer housing of the Eeadﬁg&ss of .the first enpodi ment. of an ultrasonic

transducer accofdEMHgerEdERt: dhaterms feqd st and Signt EVERAESed i s 4 side
sectional view Rierchasdeaidy Bdefdl th B3 OMLE of thotmetiuc&(or caneterdrng to the present

i nvention, which uses the titanjumsleeve of Figure 3 apd t.he al um num
housi ng of Fi guF&% ?O%If‘f"@ﬂﬁhew%&ﬁt{ée @%ﬁd@ﬂ%’lé&%ﬁﬂ%&@#&%&%@e f¢F asoni ¢
- transducer 0% t biinte2E. Likawieuleasrms tailmiagind back dhverareusdd | S an
i npedance-frequency chart .  of ransducer with a two ece
'aluninunititaniﬁHf??%%qﬂﬁF?%%ﬁnggpgﬁgﬁﬁﬁ%ﬂu ﬁ%ﬁ?@MmeEﬁ%ﬁge 8 is an
i npedance- f r equganestociibat is appositinéhe head stassdmbfonbt dabvet) and that prelidsesed ul trasoni c

20041 026202 PeTr AT IR B ERR ot RUAdkb@Gonade . TOIET Clow of anot her

enbodi nent of a sleeved ultrasonic transducer according to the present

i nvention, simlar to theprigraiSdReeoNfOFTRRIDRAVANGS Figure 10 is an

al ternative_ enbodi nent of. a sleeyed ultrasonic 5 transduycer according to
the present 1 nvent i ghgure lisa side sectional view of a prior art ultrasonic transducer

having a head mass composed of a single metal material.

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 ulirasonic 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 ulirasonic 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 aluminuny/titanium front driver as shown in Figure 2.

Figure 8 is an impedanc'e-frequency chart of the first embodiment of a

sleeved ulirasonic transducer according to the present invention.




Figure 11 is a side sectional view of another alternative enbodi mrent of a
sl eeved ul trasonic transducer according to the present invéidaroh200H gure 12
is a side view the transducer of Figure 11. Figure 13 is a side sectional

vi ew of angbdheroshier nati ve enbodi nent of a 10 sl eevagtiihéBasas<
transducer according to the present invention. DETAI LED DESCRI PTI ON OF TEE
PREFERRED EMBODI MENTS The draw ngs depict various preferred enbodi nents of
the present invention for purposes of illustration only. One skilled in
the art will readily recognize fromthe follow ng discussion that

al ternative enmbodi MEFigse Ofs 4R séeao@lﬁbkﬁbﬂixﬁﬁleﬁdﬁebomaieﬂws sledvedist rat ed herein
may be enpl oyed i t hout %Hgartl omt he r| nci f the invention

descri bed her ei aﬁgu JRGHHCST ARy F‘é e progent iy @P%@‘ asoni ¢ transducer
40 accordi ng touaﬁddecepbﬂﬁgmésmmventl on has a two- pi ece head mass 42 that
conprises an intern hre sl e one terJaI and a
count er bored outer ah IS&% E‘f? ﬁo?ﬁ??toﬁﬁflg?ve%}‘ 381 er abl y, the
t hr eaded sl eévetrdlﬂsdu@rmmﬁmgmjhmremtheMQnal such as titanium or other
netal, that has suffj . Al'so
preferably, the out ei; gﬁggis}sh%}dl Secgonaﬁh&?Q&Ehthéroaherﬁﬂvg%b& Suc gsd al um num
anot her metal , @leewén&mo@cctmnadudweaccmrdmglre‘htapfﬁseetlmmn al, that provides
advant ageous t her nal 0 EFpifs11.1 ncl udi ng thermal 25
conduction, thermal gﬁgéélfsggﬁaﬁg‘}%l%%g CI entlbgonductl on of the
vi brational energy E;eweﬂhtssdrdbsecnmlmvrgfa@gh@zahqn@w enbodizreaheiducer s or
crystals) 145 TheeJRLBALS QENEaAG iR D thihellBhvehiideads 48 that mate with
ext er nal threadseofhﬂ% gtﬁ; 22 g’nﬁ % th egdedveextenm on 24. The outer
housi ng 46 has a flat upper surface 50 that contacts the PZT stack and a
count er bored hol @EMGUMRMHONWTEEPREFERRHDMM@NTSH anet er
section 54 of the t ed sl.eeve 44, he out h ng 46, has a fl at
| ower surface 56 th;ThadgVB’éﬁ’sggﬂ% %Ifﬂu%wegégeq K 8,0?% grfsel%rch 2007 WO
2004/ 028202 PCTﬁ:NEﬂQﬁSé@aﬂﬁ&ioﬁﬂustrbm:ntonhrnﬁiaslenedamthehhwmxeaﬂﬂyacts a
shoul der 58 of the thr Ieev 44. T bol.t 2 0 s the PZTs 14
agai nst the uppé cognize tg 8\?111%%8 s1n ﬁaltemahveen%o%m%{s%§%g

15  structures and methods illustrated herem 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 2 material,
such as titanium or other metal, that has sufficient material strength for screw
threads. Also preferably, the outer housing is comiaosed 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

-5-




‘housing 46 and conpresses the | ower surface 56 agai nst shoul der 58 of the
threaded sleeve 44. Axial vibrations fromthe PZTs 14 tra2élMarhk3dh t he
outer 5 housing 46 and into the threaded sl eeve 44 at the contact between

t he surf aogo26m40mbo2t he outer housing and t he shoul der pe@nbookb®sizhr eaded

sl eeve. The | ower surface 56 of the outer housing 46 is preferably |ocated
ina cylindrical section 60 of the head mass, not in a tapered section 62.
The anplitude gain of the head nass is fully devel oped in the tapered
section 62 so 10 that the vibrations in the cylindrical section 60 are

axial . The trangfihd @hasdeedraB@iat doleetd AMboRlie G 6f tBd thichdedRRae 440 TR Where

surface 56 butt ai nst sh he | i ndrical
section so that E?@C&S?Pféfse% ?)#%fsi %ﬁ?@?@‘%ﬂ%ﬂ"fé@r%&’f&&pﬁe | ently fromthe
out er housi ng 4Bm£mguﬁaﬂmhm@mdadhisQMﬁﬁ&£56a@ﬁkemah&yﬁsbﬁmc out er di aneter
of the reduced r sectio 4.0f .the t 5
substantially t ﬁgeggﬁ MP E Fmﬁﬁﬁm ]Qﬁ%%gﬁﬂm§%§$§ETﬁ§méé conpared to
the prior uIErahmmmg46mdn&dﬂmemeﬂﬁﬂMmﬂhmanﬂmmmpm&bﬁwﬁdeHMﬁ§$§620 (Figure
2), the sl eeved [ an nt invention wth an
al um num out er :%h%g%iﬁ@%&g §9P§aﬁfﬁg$ reage e%?egeve 44 has nore

al umi num for better ’Rhelnwesaimﬂwerﬁ@ ofithe ofitershoasimayiods pefemblyilocetefl insi ti on of 20
vi brations bet t LGESion 88 HAown in Figure 7,
the prior trans u%g%gﬂ;aLH%beﬁ%%%gﬁ%%ﬁﬁﬂ ﬁﬁg of 11.24 ohm while Figure
8 shows that semplitedeghinelibehead mascisflly dﬂmlobﬁfd ip fhe t4persd aqetion §hsent i on has an
i nproved m Ap MU, HPREIJAES ifthe &1&&1&1@@%01%0 5O9RA! 8 LAskibLbdddcar art one

pi ece ultrasonic transducer 10 °(Fi gure éh t he sl eeved ultrasonic
{0

transducer 40 oﬂleW@I??ﬁ%%féhﬁheP%WéﬁﬁiWhﬁﬁ W‘t"ﬁS tis against thoWideFAee® housi ng 46
and a titani um {Rueafed cHlRANE séon B haPBb 84l vitMiRACkre Gids@REt h than an

al |l -al um num head mass and better thermal heat sinking than

al | -titani um hegi@cigtlyfromtheouies hensingd inthe thraaded sepyesis; Fﬁf"‘crﬂ%hégﬁed sl eeve 44

and al um num oub@gr dpéfet HONARIRE] HilBets seAWR Y bR ERbEREKIe4R iAChi eves
acousti cal g perfor mance equi val ent to si ?%F%%,Eet al front drivers. The

out er housi statially e sqmpsps e deperdiametore Y% than aluminumor a
non-netal lic mat er i s compdrelo Big pEior dfids6iic Bitsiucas| 2s4ilhiacwa pectieadle, -6

mass 20 (Figure 2), the sleeved ultrasonic transducer 40 of the present invention

with an alaminum outer housing 46 and a titanium threaded sleeve 44 has more
aluminnm for better heat sinking and has a more effective transition of
20  vibrations between the alominum 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 ulirasonic 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 beiter thermal heat sinking than

an all-titanium head mass. The combination of the titanium fhreaded 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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R 21 March 2007 WD 2004/028202 PCT/ US2003/ 029637 al um num
oxi de, or other advanced ceramics. As used herein, the te2inMadva®fed
ceram cs" is intended to nean ceranmic naterials having a mnute grain size
of a few Ry@bdmeserz a fraction of a mcron and which gcsasbayeewery high
density with near zero porosity as neasured in mcrons. The grain 5
structure is highly uniformallowi ng ultrasonic signals to nove in every
direction sinultaneously. Silicon Carbide is a preferred form of advanced
ceramic and is made froma chem cal reaction with graphite. Using a ceramc
mat eri al for thamamwmﬁuamloﬂ@radlmfc@d/@sanﬁ&omghgeahaeh]‘méféaﬂce because
ceramc is a bet gonduc;or rasoni c, Vi g}honal ener gy t han
al uni num and ot h¥ mfﬁ FrETSs ?WF %E°EPE?EPWE & HA™ ™ Feason. Figure
9 shows an al t et dizeef ¢ eaatictoad orarfraciiontoll @ micr@iLané wlich alse yedergent of t he
present inventi ns 90 ha a head JBss t has an outer
housi ng 94 and § ﬁ?%’g%mgﬁsﬁgéﬁﬁ5@°§%g R PEgIE e’ﬂnﬁ?lanerf[gg B%&8ction 98 of the
t hr eaded sl eéve sBtmxis bigtly vuifawarailbying olttdvaictsigpalofo mdve iroaver  housi ng 15 94.
The outer housing. 94 i alk t he section 98
of the threaded S c@g%gﬁglgigqy?gf girhg‘gqoéa’?b@%ls rﬁfegrf’é a%%?ﬁcgq t he reduced
~dianmeter secti oner%m@ﬁdlsmdqm@adfmm@l@s\hen@ﬁhmpmﬁbﬁsmmwmmly the same as
the I nner dl an%%halq%l‘ fhé.'ﬁ.ltéa %a_lﬁ %gmpry{rep E&Egﬁ%@koﬁrﬁfe%caue%maﬁﬂe PZTs 14 I S
transferred to the outer housing to a bottom surface 100
of 20 the outerl%ﬂﬁﬂﬁﬁﬁgﬂbﬁm%ﬁuﬁﬁﬁ@ﬁ”@ﬁﬂﬁmdénqxﬂﬂ@ﬁawﬂﬂwﬂﬂﬁmbﬁﬂﬁd sl eeve 96.
| n ot her rq@pe%ﬁls,gdaqnag,m@%f@%@forﬁlgt&agoﬁ he same as the transducer 40
descri bed above. éure 10 shows an alternative enbodi ment of the present
invention for high fiiggaphoys apicmette copssruction offhe Figdssr& transducer 70 has

two annul ar PZTgmboi@mdrioft r@geﬁt%‘%nﬁtfn Franb@Ed 00 Bk 2ARALAEL oflingK 74 of
al um num oxi de above the 25 PZTs, an annul ar di sk 76 of silicon carbide

bel ow t he PZTs, hgs 3E1|°P*§’rh°&fﬁ?31%‘%f’d'daﬂﬁ%a§ed7%%&%% & feflyesd HampteettioRmss 80. The
tail mass 80 hass afthé}mahadlesde@e\éﬁteﬁﬁup&mywtﬁetoﬂbﬂhaanhtbnhohdmgeaded and t hat

extends |t 95t g, NULALL TS0l OO LS L LATNINECL bk, LLam fPove: The

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 altemative embodiment of the present invention for
high frequency applications. An ulirasonic transdﬁcer 70 has two annular PZTs
72 in the middle of a stack, an annular disk 74 of alumimum 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 1s 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

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




menber 84 that extends into the annular region of the transducer stack from
30 below. The internally threaded sleeve 82 of the tail nma$M8ohadles with
the externally threaded nmenber 84 of the head nmass 78 to secure the
t ransducermwo 2004/88820¢8r ch 2007 WO 2004/ 028202 PCT/ US20G3ar9m3d29857ack and
conpress the PZTs 72 and di sks 74 and 76 between the head nass and tai
mass. Anot her aspect of the present invention relates to an inprovenent in
ultrasonic transducers used in cleaning systens, shown in Figures 12-13.
More 5 specifically, it has now been recogni zed that enhanced performance
can be achi eved stk @ coifiess tHe @ZTaTHand diskeBSaH 70 bdtwéeth dghasd das®r an advanced
ceramic material.and by bonding the transducer directly onto a surface of
the tank. U tr &% P35 ansducers commonly used for cleaning operations
have a stacked constAnttlier aspect € theaesentlinvehitonselbieetd ah agprormettin Nor e
pi ezoel ectric 1Q,crystals sha in the formof a gisk wth.an annul ar
hol e. The pi ez 031tré1% i uéanssaé?e?s‘{g%lqn f’lgané% SEHTRY slgogmtnh Wgﬁ?éltr?'s il\goﬁe and
contraction bn sesifiosdlyeit b nappbdneetogieted dliat endakced pgyfoahaice gndxi al i n
direction. On opg.si ; ' ' ' .| mass and on
t he ot her side ?@“@&ﬂ@%@LW%QQFB%?é@%%ﬁﬁ%ﬁbﬁ% t‘%%%%?%ég%gm@ﬁg
pi ezoel ectri c cmpteriglang by besding thi darsdurdr divesidy ente tugipde ofithig eankThe head nass is
15 mounted on the t afi, A0 whiARERIcbam¥iP bk kR RadifPPelabitns RbRZ0E! ectric
crystal to the tank. The tail mass balances the di splacenents caused by
- the expansi on aflécked enmstrustion. dhiypital imresdysicelas eneermdrepiegogleatdd . | n nmy prior
-U.S. Patent 905, {481 SBpaIi the Ford WP a ABwith af iR fbORRd RO psREO¥ETENT tO a
stacked transducér construction, which added a resonator nade of a ceramc
materi al bet weeRYBiAS pricated s¢ ptexpaasiomand cprfEetin ipeepopsedo FRPEEY nass. One

probl em to over giHcdl Rgh®NiidindlikstRAS OH GRS sidelbf e PheBstibchid chyailisi S
i nconsi stent materjal properties between the materials use or the tank

f
and transducer 2 lldaags a9 gn thgiophersidedsa head wagso AniSEem Pt RRIHOMOFEST HSt al s, such

as al um num Wpicgdtldom Crydtalbeie thghal naaehl tiineed. Tob hedparsion than quartz

or 25 ceranics _such._as_silicqn carbide., . .
q]:'; mounted on the tank and transmits wgratlons from the piezoeleciric 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 fo 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 niade 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
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The present invention has a different construction for the transducer,
which facilitates bonding of the transducer to a tank Typi2¢Mdrgh R@17e t han
one transducer is nounted to a tank, either internally or externally.
Commonl y  wevy®imadsadzr ansducers are nounted to the bott egrafsa@ssloegni ng t ank.
The tank 30 contains a liquid and parts to be cleaned, rinsed, or otherw se
processed using ultrasonics. The transducers are excited by an alternating
current. Vibrations -8 21 March 2007 WD 2004/ 028202 PCT/ US2003/ 029637
caused by the piezoelectric crystals of the transducers are transferred
into the tank aaﬁgbathbamnatpge}zoaldae;clch@uisdfmetrﬁﬂmca@aies:rahsﬂeﬁehmm tak. The

construction of, gnot her ransducer of the present
invention is sh@a%angghf"fgg%a ]grem&‘iﬁarfsﬁn zj’ﬂﬁes 11 and 12. The conponents
of 5 the transduceﬂh&&@,stnfctimﬂahﬁhdrembodmmtuﬁheﬁanhchicéroﬁﬁegreiehs el ectrode
120, piezoel ectrlc llg %gﬂsg%lereggm e %SZH,M?[% §°I§1ﬁ°§19‘r‘}$8for 124, and a

head mass 125 'tnha“t |nc Uaeg " eeve hou5| ng
128. A bolt 530thaganst11tc|eeﬁﬂefd>mthbmpa:mcludttaeamadsyl&,hlﬁmdewohol e in the

threaded sl eever 122 andor SATP SRR, 1A o ShAELEAIEF 12 ha SHERARL °CLT | C

crystal 122 and’ceram ¢ tesond et ween e tall mass 118 and the
head mass 125. Wéh@whﬂesr@dhrsadngslﬁmnﬁsandpneft@ﬁlatﬁlqg 128mpdeetPlds silicon

carbi de or, Ot NSl BB3h in fRLANY Bhcodthlot BORAGHA dvPbludd Surface 132 of

the threaded sl eeve 1 era he outer housing is conposed of a
metal or non- metaprésges fhateleptrages lﬂﬂanlemdscwwi?@ém’-‘afélpfﬁ!sw%%l expansi on

that is Simhhar idbehiiy FORMAE ABlnbhe hARHARI 128 PRSPy Nt MRt er 18l 15
of the. tank. Another surface 134 of the outer housin %?8 is bonded to

a surface of aprefe@amcﬁ@msw siligotaghide s pler ceramicapaterifbandat §8fsdor ¢ he

threaded sl eevg 216032 W hbihRdesicade 126] BretRBlyOthe bite HotMifis housi ng 128
to assist in positiaoning the threaded sl eeve rel atjve tgtpt he. out er

housing. All thePmpesedsf pmelplnr nog-matallig meterialdbat basi cpeficient oEthegRbs 120 are
axially Syrmret re;@aﬁsmnmelstsmﬂarﬁmoaﬁ&m%fmehatéxpmﬁﬁdfﬁbm%ﬁallzes are

o met al | i 0 e s G e et o OB ORELIHIRR 2P B4R st rength i s an
1 ssue. 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 streﬁgﬂn is an issue.
An alternative construction of the transducér 110 is shown in Figure 13.
Transducer 150 bas 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 mner
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 o

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




An alternative construction of the transducer 110 is shown in Figure 13.
Transducer 150 has a threaded sleeve 152 that extends dowahadach @0d/he
bottom 25 of the outer housing 128, which provides nore thread area for
the bolt 1860 000eagage. Al so, transducer 150 has an i nguilh@hedosdgeve 154
inside the inner dianmeter of the PZT 156. Preferably, the outer dianeter
158 of the lower protrusion 160 of the threaded sleeve 152 is
substantially the same as the inner dianeter 162 of the PZT 156. Such a
construction may be nore efficient in 30 transferring the vibrational
energy of the PZianfekr aui@PLhes60MRe AOUIIIRGeRA84 baendifp@iovankd N t ernati vel y,
the ceramc reSQ%agtor %Z%rr%\é Eav:jé%he same inner -9 21 March 2007 WO
2004/ 028202 PCT/UeFYFF0IGa%? S5FSdeter as the PZT 156 with the insul at ed
sl eeve 154 ext endi ngOdostdvamag of the cdnmctiapofadnddher L Hreeased tat deve 152. One
advantage of th ; j f_fransducer .11 r 0 is that. the outer
housi ng 128 of %ﬁgpﬁb}%gg%gs%e}ﬁa{)néﬁﬁéﬁéeomﬁgec(’) Oganr%q@ﬁ[é’fm%nr-m%o}ﬁg nmetallic 5
mat eri al , such aeptsial, susbas glgobicatbide, thbhas prperpesoiraitar icabossiofithé ank t 0 t hose of

the tank materi %’t@“%i‘”ﬁ%g@ﬁgq‘ﬂ@%ﬁm %a?l:ii&éo%{ﬁefa%@{c l£..0L; 0t her advanced

ceramic. Silicon carbide a polycrys I'ne materral. ere are nmany
grains -in a sil iSdisan carbiddis d @olyeysaitine majariah Theraiare many graime imegsilicoh ew

m croneters (di lgglde 3irithR] G orain HROLed 6w Hiddhih& D Eaib Qs quartz,

i ncl udi ng fused cquaretz]r_and si‘(’;%]?el crey_gtgﬁv% uartg.lr‘%ti%%?g%uartz is an
anor phous ( non- digs e diffesent fosps of marty) inpladieg fusdd quarGamd siagle gryspeaki ng, singl e

crystal quariz igSar@N@uddi quaiizad z{ﬁ-aﬂo?ph&ﬁ@no@lecrﬁﬁll%,%rgﬁss) aeppsial inches (with
only one grain). Fusgld guartz is anorphous,” so it doeS not contain any
grains. The coefdereribpeakae. singls grestal @iapaionobie gring Tees baprdigar ani ¢ are

i sotropic, 15 n@RAlighd (@i doly énd cRaD. PisbEbicOR ABRRARSHRE dodd iRt coef fi ci ent
of thermal expansiqn of a single crystal quartz is anisotropic (direction
dependent), neafiPHY Y FdPfes with the crystal orientation. Generally

speaki ng, the coeffiTheantffioknt bahdhpil exPiAa\Fighes Al cordiclaZe isdudgite crystal is
cbout 1520 Jd e efen e 4oed 4, (L get ISR SLRIEST 1P o
o of a single crystal quartz is anisotropic (direction dependent), meaning it varies
with the crystal orientation. Generally speaking, the coefficient of thermal
expansion of quariz, 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 aluminﬁm for the portion of the head
mass that is bonded to a cleaning tank, the thermal mismatch is reduced
25 signiﬁcaﬁtly. 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 fo a surface (exterior or interior) of
the tank with an epoxy polymer adhesive Supreme 10AQHT. This epoxy

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

- -10-




20 coefficients of thermal expansion (in units of mMmmC) are 0.4 for fused
quartz, 4.5 for silicon carbide, 17 for stainless steel, 20 Maseh 20¢7ani um
and 23-24 for alumnum By using silicon carbide instead of al um num for

t he porti omoedospiszochead nmss that is bonded to a cl eaairngz2doandessnt he
thermal m smatch is reduced 25 significantly. The m smatch in thernal
expansi on between two bonded materials induces stresses wthin the

mat eri al / boundary when there is a tenperature change. The difference in

t hermal expansi on coefficients between alum numand fused quartz is about
60 times, conpaivithhighslibft strengecanb dighpeshstreagthl it alio Balrcdbmadly cemftlctivased quart z.
30 The transducer, 11 r 150.4s honded to a surf I or interior)
of the tank w ?I}?rgsﬁsgmejgtgﬁ%verﬁo eﬁrcy%@ 'egmvsém ﬁ%?%&r?leals ﬁ%i&%hgqlﬁl S epoxy
cont ai ns a cer asilignfcabide puterfhowdingti2f tnthoadidipurg direadedeigeve 126 of §52a heat curi ng
epoxy -10 21 March : M th high shear
strength and hi gh pﬁ?&gﬁ%é@%ﬁﬁ%%F%%ﬁ%%%ﬁé@%g% y ]g%% (:!Jmcti ve and

resi stant toBsetrasductithat panl reasiily bé brgdedTh e qursimer eeemie tatlp whithused t o bond the
silicon carbi degosi [ D Sin A HE AN eeve 126 or
152. The use of fag?{tﬁ%%gﬁ?%gﬂrh%?séé%?ﬁlh%ﬁ%@ﬁg% ljlﬁr?ass p%gé/t{igﬂggqgﬁlleul trasonic 5
t ransducer t hat patier itasgde thptass ponded to a quartz or ceram c tank, which

facilitates efficieffod ihaB6JvE Hostiiptidh,lif VAR BB hpadhiihat ileGenidnom t he transducer
to the parts or itens in the tank. Fromthe above descrjiption, it will be

apparent that t fieclosadlsnein pravidesiadieyed awdpdpatageays plpvd BiEesoBChovel and

advant ageousgs! gan@et The R5RPing dithslibriie bekahd debithef AEERRkdGlAY SCUSSI ON

di scl oses and descri bes nmerely exenplary. nethods .and enbodipents of the
present inventi Bfth WWWW"%“HHB@?&GWB pption. hﬁ%ﬁgﬁ}’ﬁﬁg éwgth the art,

the invention naysetamiEmad hari, the alvBRion 529 64 Ehbdicll Of RBerwpebifiout departing
fromthe spirit_or essential characteristics, {hereof.. ccqordingly, the
di scl osure of tF?@nf)\"’él?@h‘%ep?lﬂ%g‘}‘?%ﬁsﬁl’étqrﬁismtﬁa‘la‘gmﬁgcsf r?q%l ustrative, but
not limting, ORcdofingds €HReisOlbsurd et theprasert inventionts intanded i@t forth in

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

the following claims.
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the following clains. -11 21 March 2007 WO 2004/028202 PCT/ US2003/ 029637
What is clained is: 1. An ultrasonic transducer, conprisidgMooe2®l7 nore

di sk- shaped pi ezoel ectric crystals, wherein each 5 piezoelectric crystal
has an axivad 20m@bm202a tail nmass positioned on one si de pefrdshmspicgzoel ectric
crystals, wherein the tail mass includes an axial hole; a head nass
positioned on a side of the piezoelectric crystals opposite the tail nass,
wherein the head nass has an internally-threaded axial hole; and 10 a

t hreaded bolt positioned within the axial hole of each piezoelectric
crystal and the axi aWhitdd ddmefist he tail mass and head nmass and t hreaded
into the internally-threaded axial hole of the head mass, wherein the bolt
conpresses the piezoelectric crystals between the tail nass and head nmass;
wherein the head nast Amgiasdssiransducpl emgsisiagnposed of different 15

mat eri al s, - i ncl udi ng ernal | y-threaded

axi al hoI e and has %D%P%a%ucggﬁgh g%re@&%e}%eﬁ@c[ ‘%%%Sangé%ﬁ ;{l i ncl udi ng an

out er housing wieaeeldctic gryitall Hayangeriathale t he reduced di arreter section of the

threaded sl eeve 2. £ibhlraifbdol &RUNEIUARLpiBRIEAT il AngbAl M 1 wher el n
e outer ho

the threaded 20 sleeve an usin ave ng contact surfaces
on a pl ane perﬁ@ﬁ@l@%$aﬁm@%aaﬁﬂ§%Pb of the transducer. 3. An ultrasonic

transducer as recit egheadimbds BbsMohed\HES Gdefdf R pRIMeREic BiyalB bifos®f the reduced
di ameter section of_ the threaded sleeve is substantially 25 equal to an

i nner di amet er & ih@aspidersin thidiead pas beemdeterpally- @F%@@P@l holg; andly i t rasonic

transducer ag reci ta&meaueab@tﬁﬂs&oﬁda%ﬁimémlméﬁ&d&ﬁblezsélwce i s conmposed
of titanium 30 5. Ghﬁ | trasonic_trapnsducer.  as recited in.claiml wherein

the threaded sF&&% les.of thy tail massiapdhrad mess 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 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 fransducer 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, Anultrasonic 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.
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21 March 2007 WD 2004/028202 PCT/ US2003/ 029637 6. An ultrasonic transducer
as recited in claim1 wherein the outer housing is conpogédMath 2007 num

7. An ultrasonic transducer as recited in claiml wherein the outer 5
housi ng i svoompomest of silicon carbide. 8. An ultrasongiscagsseser,
conprising: one or nore disk-shaped piezoelectric crystals, wherein each

pi ezoel ectric crystal has an axial hole; 10 a tail nmass positioned on one
side of the piezoelectric crystals, wherein the tail mass includes an
axi al hole; a head mass positioned on a side of the piezoelectric crystals
opposite the tail nRassulidefieirsideer b arredimsainhb#hasin thebeatemnal | y-t hr eaded
axi al hole; and, a.threaded bplt positioned wthin the axial hole of each

pi ezoel ectric 18OFPSHRMPPERY WL @Y al holes of the tail nmass and head mass
and threaded into the internally-threaded axial hole of the head nass, '

wherein the bolt compresses Lhe. . Rlea0sl oot benel YaLal helghyeen the tail
mass and head nass; WHEHEIH The HRead fass i nefudes an outer housi ng
proxi mal to Hhehoyingiwipeted bLsilicommsidcer s and a t hreaded sl eeve distal to
t he piezoelectric 20 transducers, wherein the outer housing has an axi al
hole with clearance for the bolt and wherein the threaded sl eeve includes
the internally-threateth eiisahic hyisducen ¢patprifipgies with threads on the bolt,

wherei n the outer hoyging RRM:IEAHSelect SRYS, Fh&einesmmosed of different
materials, and wherein the outer housing has  a counterbored hole and the

t hreaded sl eevePiszeslegiris cosiglhaperaxjabbpléhat fits inside 25 the counterbored

hol e of the jguter holgi Res pdsitidied 8 dre BRODH e SiERPRANEGYstAS whesht ed in claim
8 wherein the threaded sleeve and the outer housing have nmating contact

surfaces on a pkgkdl maseinsdesian grighholep an axis of the transducer. 30 -13 21
March 2007 a head mass positioned on a side of the piezoelectric crystals opposite

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 piezoeleciric
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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WO 2004/ 028202 PCT/ US2003/ 029637 10. An ultrasonic transducer as recited
in claim8 wherein an outer diameter of the reduced di anet2dMaeb0dh of the
t hreaded sl eeve is substantially equal to an inner dianeter of the one or
nore pi ezogbeaunrxaocrystals. 5 11. An ultrasonic transduagpedseeeci ted in
claim8 wherein the threaded sleeve is conmposed of titanium 12. An

ul trasonic transducer as recited in claim8 wherein the outer housing is
conposed of alum num 10 13. An ultrasonic transducer as recited in claim38
wherein the outer housing is conposed of silicon carbide. 14. An

ul trasoni c transducero. AiQilisbid iR@sduddr 2OREitedln EHEIEE WieSdin svaped pi ezoel ectric
crystals, wherei,n eac i ezoel.ectric .cr al h n axial hqle having an

i nner di aneter; d]élmfgf%%‘%ﬁ“ﬁ%@ﬁ?ﬁﬁ"é’BO’b#St%erfb‘eg‘%aél%%’F lstsﬁgs f g’oel ectric
crystal s, wher eidqual folae ifnad diarists 8f the\elelwd RBredidzbeleattatyspdr t i on di sposed

Wi thin the-inner dianeter of the piezoelectric crystals; 20 a head mass
positioned on a side of the piezoelectric crystals opposite the tail nass,
wherei n the head nasH. iMoilurdes: wnsduce asheditaddn ¢laionrs Whesgmothe threadddt hi n t he

i nner di anmet er gl{ee‘;eqsecom gégg%ﬁ%}iﬂlc crystals, and wherein the threaded
portions of the tail mass and head mass engage and conpress the

pi ezoel ectric «crystals between the tail mass and head nmass. 25 15. An

ul trasonic transducef a fifishdihldiod héfolfichty MBIl brgd  mass and
tail mass are conposed of titanium 16. An ultrasonic transducer as recited
in claim 14 furhbsingdorpmppssd pfplu@eeman annul ar di sk of silicon carbide
positioned Rgt ween the piezoelectric crystals and the head nmass. -14 21

March 2007 WD 2004/ 028202 PCTUUS2003/ 029637 . .
13. An ultrasonic transducer as recited in claim 8§ wherein the outer

housing is composed of silicon carbide.

14, An yltrasonic 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 bgtween 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. Anultrasonic 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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17. An ultrasonic transducer as recited in claim14 further conprising an
annul ar di sk of al um num oxi de positioned between the pi eZ2déViach20@7
crystals and the tail nass. 5 18. An ultrasonic transducer, conprising:
one or noeo disMzssiraped pi ezoel ectric crystals, whereipgTAgsisopsezoel ectric
crystal has an axial hole; a tail nass positioned on one side of the

pi ezoel ectric crystals, wherein the tail mass includes an axial hole; 10 a
head mass positioned on a side of the piezoelectric crystals opposite the
tail mass, wherein the head nass has an internally-threaded axial hole; and
a threaded bolt positi Qﬁl&ﬂm\é&ﬁd’&dﬁsdub&a@éh@diﬂkﬂiﬁ 1qfﬁuﬁﬂ£&bngjnﬁag>el ectric

crystal and the aX| of the, tail head ss and. t hr eaded
into the |nterﬁ%WFVaﬁﬂa%gagﬁm%§1%$BWBV@m8$ ﬂ?&ﬁ*ﬁgagl‘mﬁgkeln t he bolt

conpresses the adbhpiadmesl ectric crystals between the tail mass and head
mass; wherein the head mass includes a threaded sl eeve proximal to the

pi ezoel ectric transducers and an outer housing distal to the piezoelectric
t ransducer s, Swher ei ni8t Aa ulthise@ddedsdib@somptising: udes t he internal |l y-threaded
axial hole that mat e b r t he t hreaded

sl eeve and outer 20 (ﬁ%ﬁr\é%% d}a?{rg'éfa?gdsn%emd m‘?cr’?f}ﬂﬁsf‘g%glflgar?gt erials, and
wherein the outemmhbuupmgﬂﬁé@smammahﬂal hol e and the threaded sleeve has a

- sl eeve portion that f ousi ng. 19.
An ul trasonic transd J%£§m§§§%@§$§Qﬁﬂrﬁé%?QFﬂ?%gﬂﬁﬁ Qﬁﬁﬁ¥h§&? readed 25

sl eeve and the 8utadkmaspinglnerg ahaxie heder i ng contact surfaces on a plane

perpendi cul g to an ﬂ%&h@m%f&%n&{ﬁ{b%ﬁ’dé%?fhep%@oele@ﬁc%%tﬁl@%ﬁﬁ?}sﬁe cl eani ng

system as recited in claim wherein hr eaded Sl eeve and outer

housi ng are bon#hedrikmage tihesein thy head mpss pserynigpally-threadsd adgdbglei andf j | | er . - 15
21 March 2007. WO 2%%%@8&&&%@&%@1&%&13&3@eacﬂpl&éeleeﬁ% ul trasonic

cleaning systemas recited in claim20 wherein the
crystal and the axial holes of the taﬂ mass and head mass and threaded into the

internally-threaded axial hole of the head mass, wherein the bolt compresses the
15  piezoeleciric crystals between the tail mass and head mass; |
wherein the head mass includes a threaded sleeve proximal to the

piezoelectric fransducers and an outer hiousing 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 fransducer.

20. An ulirasonic 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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ceramc filler is alum num oxide. 22. An ultrasonic cleaning system as
recited in claim20 wherein the 5 epoxy is a polyner adhédiMackafiZene
10ACHT. 23. An ultrasonic transducer as recited in claim 18 wherein an
outer di awebtevsomd2ot he reduced di aneter section of thep@ineavBopeiii on of
the threaded sleeve is substantially equal to an inner dianeter of the one
or nore 10 piezoelectric crystals. 24. An ultrasonic transducer as recited
in claim18 wherein the threaded sleeve is conposed of titanium 15 25. An
ultrasonic transducer as recited in claim 18 wherein the threaded sl eeve

i's conposed of al um nMn W@asorAdcledning 3FOR 4 ridieiadlGe R0 dhertif@et €ed in claim

18 wherein the %g}al?l{cﬁllgloilélgll ngu}nsox%grrposed of silicon carbide. 20 -16

22. An ultrasonic cleaning system as recited in claim 20 wherein the

5  epoxy is a polymer adhesive Supreme 10AOHT.

23. An ultrasonic transducer as recited in claim 18 wherein an outer
diameter of the reduced diameter section of the sleeve portion of the threaded
sleeve is substantially equal to an inner diameter of the one or more

10  piezoeleciric 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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