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TRANSDUCER ACTI VATED TOOL TI.P BACKGROUND: OF THE | NVENTI ON The invention .
r.el ates t Qualedidoggisducer activated tool for contacting wor KRCEHESS5®B6Baces
and directing a fluid adjacent to the workpiece. More particularly, the

I nvention relates to an ultrasonically activated tool such as a dental -

I nstrument or insert therefore, including a vibrating tip for
contacting tooth-surfaces. The tip includes a conduit or passageway for
directing a fluid onto the dental or tip surfaces. Many useful dental

i nstruments enpl oy substantial vibratory notion at a tool tip of the
i'nstrument for cleaning, scaling and |ike %toeratlons :ll[ft'l tool tips are
designed - to produce flexural TRANGPUGER RGTIYATEP ¥PBRA gns with flexural
motions of fromabout 0.02 to 0.2 nm The tip is.-typically attached to an
el ectro- mechani cal part or sectlon that can be induced to vibrate at high
frequency. ThgatReREUNE : INVERTIPNan el ectroni.c generator at
relatively hi gh frequencies, - WO 96/ 00631

PCT/ US95/ 08363 t yPkfia! lhvaRtiBE Cfdiaitedf 8BOVE t2fnkdiicer t Acelivatad

tool for contacting WOfkpiecelsurfaces and directing a
| fluid aajacent ‘to ‘the workpiece. More particularly,
the iﬁvettioﬁ relates to an ultrasonically ‘activated
eteol such as a:dental instrument or insert thefefore,
including a 'Qibtating ttip for contacting toeth .
surfaces. The tip includes alconduit or paesageway for
directing a fluid onto the dental or'tip'surfaces.
lMany useful dental instruments employ substantial
vibratory motioa at a.tool.tip of the instrument for
eleaning,.scaling and like epetations. The tool  tips
are deeigned to produce flexurai 'and"longitudinal
vibrations with flexural motiene of froﬁ'abeut 0.02 to
O.Z.ﬁm.: fhe tip is'typically attached te an'electroe
tmeehanlcal part or sectlon that can be induced to
‘vibrate at hlgh frequency. The instrument is drlven by -

an electronic generatof at relatively high frequencies,



adequate notion and to mnimze objectionable noise since the human
hearing threshold is about 18 kHz. The energy generator and rel ated

el ectro-nechanical Section may be any one of several piyRRsnssésch as
el ectroWAYHWHPL, piezo electric, or magnetostrictive. Design of the

tip and its rel at ed el ect romechani cal conponents invol ves conbi ning
a nenber of parangters to producge nechani.cal resonances to(ha moRic

vi brat i ons) t¥BEcahky defy| Figef nc§ toakf)?voedugg) afpt! £ %S BERAR cal
nmotion, particularly at the distal tip end. In nany operations enploying a
vi brating tagequatte motiionusafd| tehd MdPEBAZRecRRIFEAIMRING e NR186uUr ce of
water or ~other fluid inpinging upon the workpiece surfaces and/or -
t ool surfacesned thieleutiam doedx itrige rnhresheddy ésdabpus §énkHat edThg t he work. -
For exanple, in dental applications, when an ultrasonically vibrated tip

contacts  ag é%@eﬁ&éé&ﬁ,am afe1 4t e RSkt A meRBIEA AL NGeatGbaani ng
. operation, t?ue ving tip against the tooth ‘surface - produces heat.
‘The patient  ma

WO 96/ 00631™2Y bRy e.grc‘g%f)ai&‘;e%aat E%ewg&c%%%&?é%%gé” the 2
. dYnamic',piezo eléctric, or magneﬁostrictive. Desigh
of the .;ip_ and. its relatad | eiectro-mechaﬁical
components iﬁvolVes cpmbiﬁing 5.-5mber.of pérémetérs to
produce mechanical résoﬁances (harﬁbnic'vibrétiéns) at
the_driving frequency'to pféduce amblifiea mecp;nicéi
moﬁign, pérticularly at Fhe'dis;ai tiéiénd.
| -In many operétions gﬁploying_a vibratinQ tip_tobl,
it is uséful.and often necessary Fo have é source of
wate: or _othér fluid .impinging. upon the workpiegé
surfaces and/or tool surfaces in qrder to qooi:théﬁ_or .
_ remove dgbrié-generated by the Qork. .For.examplé, in
dental aéplications, when__aﬁ ulﬁragpnically viprate&
tip contacts jé tooth Sufface, .és reQﬁired for
perforﬁing a cleaning opératién, thg moving tip ég%iﬁgt
the tooth'_surfaée p:oauges hegt.  The paFient .may :

experience a pain sensation which can be severe if the



5perator applies even nild pressure against the tooth while cleaning.
Water or sonme other fluid is usually supplied to the tooth surface in order

t,o remove the heat and mininize pain and possibl e heat danpgenisesigigs t oot h.
I'n additi&ﬁ?ggaﬁgtber of the el ectromechanical devices utr?ized In '
providing a vibrating tip generate heat internally during operation. An

exanpl e of an ultrasonic_dental tqal.. | h iece tal,pkng a coil :
‘applies an el BEEFBRRAGnEFP l??eﬁgeflome{'lnagélzg%%s\%ﬁ ci ver?éiinsgfr?? %(%%ﬂt o which
atool tipis fixed is described by Perdreaux in Re.. 30 536.?“Cav'h_&ron).

In the PerdredtlaeSlgAningat MRGEEd By W tPFReH EHH FelRaliPlBL Y ct | on

| osses within the tool during vibration are dissipated by neans of a

cool i ng fl ui dstppliédowe dotieal tgotli t durtagecint @rdes ttevl remeee t thever the
active magnetostrictive el enment or stack, energing froman annul ar space
bet ween the i Reget anAdmiAemb2edpaehcanddpbesiglei hest edamagear dot bhewor ki ng
end of the tool. The Cavitron arrangenent is such that heat. generated by

the insert body. ugrnsrhhgafle]sh Wi chudises No chd el raatednafi¥gni ent
source of 3 _ ) _ y
devices utilized in providing a vibfating tip generate
heat internally during operation. |
An example of an*ultrasonic dental toél,;wherein'a
"handpiece céntaining a.coil applies an electro-magnetic
field to aﬂmagnetostrictive insért'body.té'which'a tool
tip ié fiﬁed is désc_ribe_d by Perdreaux in Re. 30,536
(Cavitrdn):-. In the Perdreaux design, heat caused by
electrical and .ﬁechanical friction losses within the .
tool during vibration are. dissipatéd by méans of a.
cooling fluid thét flows axially with respect to thé
tool iﬂsert, over the active:magnetostfictive element
'o;-stack,:emerging ffom'an annular space'between the
insert and the handpiéce and being directed_toward'the
working end of the tool. The Cavitroh‘arrangément is
such'that'ﬁeat'éenerated bf.the insert body wérms the_'

fluid which is then directed, as a convenient source of



WO 96/ 00631 _ ' . - PCT/ US95/ 08363
‘irrigating, flushing and/or cooling fluid, onto the active tip or
wor kpi ecgodRdsss The warm fluid mnimzes reactions by patpcaigsesiddsgs have
sensitivity to .cold tenperatures. In a number of dental operations, the
vibrating tipis QU|ded over and about tooth surfaces by the operator '

‘he tip must .. é ablﬁus 1n pe &/g}theoqt%'thmﬁg%{le”] %‘ﬂg?:] “or bel ow

t he glnglva oF Cross-
secti on, |deaII haV|n 0|nted tipwth a tapered Cross sectlon
extendlng aBSE} 51?0 ﬂ%%&ﬁ&ﬁ??r%#%ﬁtuaTﬂ%ﬂ%ﬂrﬁlﬁiqﬁﬁiﬂkﬁ%ﬂﬂiﬁﬁ adequat e
access between teeth and gingiva. In addition, -the tip is wuniversally
curved or zhapeions o byophbtisntso why Heye cespaitbvetywitidn tomdidh

surf aces. Useful tips wll curve sufficiently to permt- spanning the
t oot h frontakmperdtaeesihen entrance to .abutting ‘surfaces 'is. needed or
. when access to subgingival zones about the oral cavity are required.

Experi ence i n UStN0 oS Uiyl 1 BE0RAIY Q5didEigts AnEnk ViR PS has

denonstrated that a conbl nati on

_tip is guided- over ‘and about tooth surfaces 'by _the

operator.  he tip must be capable of . penetrzting
between tee:.: and under or below the gingi'v-a' or gum
line. . Generally,  the tip must be small in  cross- ' ‘

s'ecti_on,- -ideally having a pointed tip with é 't_a'pered'
-crosséseétion extendiﬁg_aboutnz.s.té 5 mm back from. the
' _diét_al _tip.end to ‘allow adequate access between t'eéth

and gingiva. |

'In addition, the- tip 'is Liniv.ersallly' curved or
shaped td conform to or be c:;:t;mpatible. with tooth
surfaces. Useful tips will K curve su’fficientl_.ﬁy. to
_pe;mit spé;hning the tqoth f_rontal.sﬁrfa_c__e whe'n.- entrance
to abutting':surfaces is needed  or when. access to
sgbgingival. zones 'abdu; the brai-' cavity are J':'équiz"e‘d.-.

Experience in using such ultrasonically activated

and irrigated'- tips has demonstrated that a combination



WO 96/ 00631 of tip shape and fluid delivery system nust be sel ected such
that the tip is strong enough to support vibrating notion stresses at
yseabl e anplitudes. The form ng process nust be such tha \ 03363
fractures Y¥P940043 -weak points are not introduced into the tip nateri al
that m ght becone focal points of breakage during use. A nunber of '

vibrating tools, generally sjm.lar, to.the Perdreaux tool as, descri bed
above, are ffvGiP FRPs ,anq“ﬂ?&iuﬂ'gl deli¥ery| Agpl~m arﬂ‘ﬁst()t]?leers%]é%%eé These

tool s enpl oy various designs for directing water or another fluid adjacent
to or onto trmcuithetedhseiti®p Wer leEdongoRNOHIh At AeBRBPR¥ t cCHHPT R R kpi ece
surfaces and renoving debris fromthe workpiece. For exanple, a nunber of
ul trasoni cal Ipptiagt | ¥8tedsest @il susealnid opmpédptindes. f| The cHeaing,

external to the instrunent.itself, for conducting water and other fluids

adj acent the fipdls ORhS: t R WOHKPI €8EOMmiryte Kipoéttied o abther U S.
3,076,904 enploy a capillary, run externally to the handpiece, with a

10721 11Tl pREACAChEe TSR, Faf A B0 ERl i L dpLa oot no
that might .become fécal points of breakage durj.ng use.
A number of vibra.lting' tools, generally similar to
the Perdreaux tool, as described above, a;:e now in
dental, medical, _veterinary_f and _ot;her uses. - These
tools: émploy various designs for directin_g water or
another: fluid adjacent to or _or_1to, _the surfaées bej.ng
worked upon, as a means of cooling workpiécé s_urfaces
and femoving -debris from the workpiece._ For example, a
number of | ultrasonically activated tools gmploy-
separate fluid conduits, external to thé _instrumént ,
itself, for cohducting-water aﬁd other .fl_uids adjacent
the tip or' onto the IWOrkpiece..ox_' tip. Kleesattel et al.
in U.s. 3,076,904 enipldy a ..capillary, run externally to
‘the handpiece, with a _noz_zle formed of a bendable metal
- _esct-_end'ing verf nelar .thlg -."-'ip'  er directing ‘water onto

the dental surfaces being worked_ upon. A .d_:'.fficult'y



WO 96/ 00631 with such arrangenents is that the capillary my.
obstruct free use of the tool tip. A nunber of ultrasonic tool tips include
internal fluid passageways bored along the |ongitudinal center axis of the
tip conpovend/o0631 body. - In many such tips, a fluid di schaPQEUSeSIOB3GEe | S
formed at the distal -end of the tool, for directing fluid onto the
- wor kpi ece. Such tip design is descrlbed for. exanpl e, by Balanmuth et al in

‘U. S. 3, 924, SQEtchsuphneﬁmraﬁgamenms caystahatlbthEedcdpmtkarYOOMay A
difficulty in enploying this tip design, is that the tip nust generally be

of a rel ati vshsthalgErdieaniseebs thet beoDrghas. of greater:than 1 mm in order’
to have a sufficiently strong tip and.-a passageway that provides an

adequate flow of ff | iifbeSUsh d1ttdbdiidl DEod PO gn&n&pa?ggextgfﬂé | uses as

it does not allow adequate tapering such that the too canno
penetrate snall..jnter-tooth spaces an can used

subgi ngi val In@' %éan‘?/’ass?ﬁ’ep"éays oFrd 2 ﬁ?er% 90‘3%1 ag?.ndq:er
passageways that _include a fluid discharge orlflce forned by renoving:
“a | ongi t udi rﬂi\Flﬁ ait%r%he pokR | RMRFMeRt or body.  In many such tips, :

a fluld_dlschargg orifice is formed*at-the;disﬁal ehd
of the tool, foi'_'directing fluid onto the workpiece.
Such tip design i's described, _fo_r exémple, by Ballamut-h_ .
et al in U.S. 3;‘924,.3-35- for a piezo electric crystal ’
vibrated dénﬁal' tool. A difficulty in employing this |
tip des'.i.gr_z,' is that the tip st gen‘era_tlly be of a
'félatively__léfée diame;:t.er, on the ofder of greai;er--;- than
1 mm,'lin order to have a sufficiehtly strong tip--'a.nd. a
'péé's’égeway ‘that p‘réffide‘s an adequate flow ofl fiui'd._-
Such a ti’p may be:: too blunt -foi' many dental uses. as -Iit
does not " allow _'gde:quate tapering such that the tool
'thUé_cahnot penetrate émall inter¥tbotﬁ spaces énd_cah
| damage gumé when usedj 'subgingi_vaily_;’
Maﬁy : Eips. haﬁihgl  interna1 central | axiél
passégeways that “include a fluid --dis.chérge- orifice

fc_armed' by ‘removing a longitudinal lateral portion of



WD 96/ 00631 the cylindrical wall of the tip as the distal tip end is
- approached, as shown in Haydu U.S. 3,488,851 and ‘Richman U S. 3,589,012,
for exanple. - In Banko U.S. 3,930,173, Robinson U S. 3, 70 gs0spgsgs\Varrin

(]

U s 5, 128®%M63he tip. is cut away such that remaining lateral walls of
the distal tip forma channel for helping direct water discharging fromthe

center axis bqore onto fhe r kpi.ec difficult | S 4Gut y
designs is tH3t® tFH Jr"é*ﬁ%\iﬁd’a@&'r t?efaltﬁr%/e h%#o%dxégﬁﬂt tdgr?gggf tl%e I'p can be
a rather fragile shell that cannot support adequate vibr atsiNgnEI m)ii on
wi t hout dangeks ofPPFaRERRdngasSA SheWR hats HAYRY Yefmi fit AGSwEPki AP Sur f aces
of the tip are subject to nore rapid erosion resulting in a shorter useful
l'ife of the triadhntanp Uhan des8Oe012Al Ifcaf ekampieys t hen BhskRaryeS. | uid
fromthe distal end of the tip or close thereto are discharging froma tip
at- or before 3 aqPiiAts, OkocBifiBonf I®xar al3,muE,087 whdchwartimn wisen causes
t he 'f! uid at this point to spray or forma mst adjacent to the tip and '
wor kpi ece. %’E&Sﬁ%&aﬁ' “Qhé‘“q:i@ Siéng::t.{@ya959ve£ﬁgﬁl ¢hdt remaining
lateral walls of the distal tip form a channel for
helping direct.wétér diScharging from the center axis
bore onto the workpiece..

A difficulty with. these-cutaway designs is that
the remaining partially hollowed out end of the tip can
be a rather fragile shell that_cannot support_édequate
vibrational motion without danger of fracturing. Also,
the smailer remaining working surfaces of the tip are
subject to.more rapid erosion resulting in a shorter
useful life of the tool tip than desired.

All of the tips that discharge fluid from the
distal eﬁa of the tip or close thereto are discharging
from a tip ‘at or before a point of high flexural
motion, which motion often causes the fluid at this

point to spray or form a mist adjacent to the tip and

workpiece. _Such'spraying'andlmisting may prevent fluid



7 WO 96/ 00631 from reaching the workpiece area and, instead, dispense it
over a relatively wide area, including onto the patient and operator.

Thus, the. fluid disspensing characteristics associ appgpsbigazire tips
her et of O‘P§9Qﬂ%ﬁ in the art are generally deficient due. {Po excessi ve. spray

and m'st formation that disconfort patients. and operators as well as
obscuring the working, surfaces. Jn addition, the int nngL fluid - '
‘passagewvay ﬁr%%h%?iﬁh¥ﬂ9fqhﬁx¥Q¥§H}qﬁf\ﬂi&ﬁeﬁnprplgﬁFFﬁges,lﬁHFFFﬁularly at -
the distal end of the tip, causing early failure of the tips through
fracture abd cwesessiveeladarely wides areA/ngingkp@ding suH@ gEh6rifices at
the distal end of the tip require significantly nore netal at the tip,

resul ting ipatiant eind @Pexatari.ng | ess useful ness than desired when
contacting confined, smaller surfaces, particularly in dental applications.

It is evident fr,ﬂgﬁdé,he’_séﬁée of 14 ardidgidisidgneWdhaR-ad@srdathies use in
vibratory activated tools would be desirable ‘that. ~can supply an -

~adequate T1oW Olied with the tips heretofore known in the art

are geﬁerally defiCient due to excéSsive'spréy-and mist
fqrﬁati§h  that discomfort patients' aﬁd' oﬁeratbré .as
well as obscuring the working sﬁrfaces. .In-additiQn,
the internal fluid pas_s.ageway discharge orificés- t;eri_d ' 1
to weaken tip surfaces,;partiCularly at the distal end
of the tip,-éaﬁsing early failure of thg”tips;through
ffacture and excessive wéér. ' 'Tips!'héving axiai
discharge orifiées at the distal end of the tip ;¢quige
significantly more . metal*-a; the - #ip, -réSulting- in
blunter tools having leés uSefulness'than_desired when
cOntacting'confined. smaller surfaces, particuiarly in
dental apﬁlications{:

It-is eVident from the state Of:the'artathaﬁ a new
tip design:for_ﬁse in vibratory.activated_tqols'wpuld
be desirable thét“ can -supply an adequate' flow .éf

céoling/cleaning fluid to the - workpiece without



ool | ng/ cl eani ng fluid to the workpiece wthout 8 excessive spray
and provide an internal passageway and exiting orifice such that the

resul ti ngv{(ﬁgé og#p i s capabl e of w thstanding necessary flgopigdspgRbi On of
the tip w o(ﬂ racture. SUMVARY OF THE | NVENTI ON-The invention _
conprises a transducer activated tool for contacting workpiece surfaces

and directing a fluid adjacent or_ont.o, said sur es, I.SL N n
activated tipHERANY i Gy S “faﬁ% ' STaped %t%:%?lage‘gc? a%%e?%/\%ar pi‘grécge
-surfaces. The tip additionally includes, in conbination, a fluyid passageway
internal to tetelting egehbies | PusPordiathettBndiasiditias Pt efiB i of the
tip, but offset such that a fluid discharge orifice is forned displaced
from the dicgmbleipf awithstanding necsmEsseti fjexborlly mogdsectest said
tip to an activating transducer and a fluid source is connected to the

tip fluid pasgagewqy wikhovkdEpdceuiéow of fluid di séharging fromthe tip
fluid passageway orifice. The distal end of the tip is shaped or bent to
formcurved surfaces to 9 - ' L

_ | : -
| The invention éomprisés a transducer actiﬁated
tool for contacting workpiece surfaces and'directing a
fluid adjacent or’ onto said surfaces, cbmprising an
activated tip having-distal surfades shaped to contact‘
the workpiéce surfaces. The tip additionally;includes,
in combination,-a:fluid passageway_ihte;nal to the.tip,
generally along l;he_ loﬁgitudinal center éxis of the
tip, but.offse; sUch-that a fluid disqharge orifice is
fqrmed' displaced from the distal _ﬁip' axis. A
connécting bédy_ connects said tip to aﬂ activéting
transducer_and.a fluid séurée is connected to the ﬁip
fluid-passageway, providing a flow of fluid discharging.
from the tip fluid paséééeway ofifice; 'The distai epd

~of the tip is shaped or bent to form curved surfaces to



contact workpiece surfaces, - with the tip fluid discharge orifice

| ocat ed such that said fluid inpinges upon the workpi ece surfaces. In a

preferred -enbodinment, the tip fluid passageway is- angularly

of fset WOre#0631the tip longitudinal center axis such tHGUIE3I6B i d

di scharge orifice is fornmed in a lateral surface of the tip such that the

orifice center axis is |located about 0.01 to about 8 mmfromthe distal end

- of said tip.contacas nosbrkpiefer  esuefdosks nenwithherehe t hépt i pFlwid
conponent of a dental tool, the fluid discharge orifice is |ocated about

5.5-6.5 M {Jigenbhgedbstai c€NdolhtédeshéR. thdthesdid F1eiddfRpEnges ved shape

t hat depends upon its use and, nost preferably, is of a universal shape

useful in dental e i Qns. | ~distal - portion bending fromits
centerline %%%?Stﬂghggﬁsﬁfé%%qﬁé%c of - about 60-70 degrees. "~ The tool.
may be activated b sonic, ultrasoni¢, -fluid gr air nmeans. ,_ The fluid
dei i vered may belBny #| uiRFsfserse fo?m}t’?l‘il'?%ﬁ’i'i cult®e enBiBse FHghi ch the
tool is enployed and is typically a saline solution, water or a solutio
.conprising pasedgewagnt.ig0 angularly offset from the tip -

-1ongitudinal'¢énter axis such that the fluid.diSChargé
orifice is formed in a latérai surface of the tip such
that the érifice éénter'aXis.iS'loggted'about 0.0l to
about | 8 mm 'fr':om the distal end of 'saia' tip. - 3'?In" a most | '
?referte& embbdiﬁént;.ﬁﬁereih.thé'tip'is a component of
a dental tool, the flﬁia discharge'brifice-is~loéatéd
about 5.5-6.5 mm from the distal end of the tip. = The
tip.includés a cﬁrvéd'shépe'that'dépeﬁds-upon its-ﬁse
and, most'preférably,'is of a universal éhape useful in
denta1.§§erati6ns, having a”distal écrtion’bending from
its centerline axis through aﬁ arc 'bfi-about.760-7d
degreés..' The tdél may beS activated by sonic,
ultrasonic, fl@id or air'ﬁéans,:' The fluid*delivéred
may'be any fluid uSefui:fOr the pértiCular-end,uéefin '
thch the tool is'empioyed“énd,is EypiCally a sa1ihe

solut:on, water or a solution comsrising a medicament.

10



fhe t ool

preferred use of the tool is in dental operations such as cleaning,

scaling, etc.

el ement ;
el ement ;

a co
and

Is particularly useful in dental, nmedical and veterinary uses.

‘A preferred tool tip is a conponent of an t is
activat ed W9 98MO63! t r asoni ¢ energy generator means. A pref g?’r%ggéms&a

ultrasonically . activated t ool |nsert conpri ses a magnetostrictive

a e connectlng b

R0 L0G DRYLRKE ALY SONEGLE 1, SR HRIRELOsLS  ghlve

having distal surfaces shaped to _cont a rk |ece typically
&1a§%

dental surfac¥8teringryoHfrRat i oh, PERESKETH |H§Fu

to the tip, generally along the center axis of the tip, but offset
from sai d axi destah operabidinscisuche ag i tleaning nedcahingi deticp i sA’

i nt er nal

agBway

‘displaced fromthe distal tip end center axis. In a preferred insert,

passageway i sppagélasd yreb1 seipfionut Bempbienyi of bynl easerbashabotis 3
degrees such that the orifice exits within the range of 2-8 mmfromthe

di st al

scal i ng of tee

end of

er dental procedu |n such servi ce,

-preferred . ultrasonically ‘activated ‘tool insert

comprises ajmagnetostfictive'elemeﬁt; a_eonnecting'body
akially eennected'to seid megnetostrictive element; and
a:tip, axially attached to the connecting body, said
tip 'having dis;al 'SuffaCes shaped to ' contact a
workpiece, typicéllyhdental-surﬁaces{' In combination,

the tip includes a fluid passageway internal to the

tip, generally along the center axis of the tip, but

offset from said axis. such'_that a diécharge orifice

formed in said tip is displaced from the distal tip end

center axis. ' In a preferred insert, the passageway'is

angularly offset from the tip axis by less than about 3

degrees such that the orifice exits within the range of
2-8 mm from the distal end of the tip. The insert is
particularly useful for cleaning or scaling of teeth,

and other dental procedures and, in such service, the

11
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WD 96/ 00631 PCT/ US95/ 08363 end i s
typically bent through an arc of about 60-70 degrees. The invention

i ncl udeswe seredsbpd of naking the tip, conprising machi ni npcTASIHSIENg a _
passageway into a cylindrical rod, beginning at the center axis of an end
of the rod and continuing at an angle of |ess than about 3 degrees fromthe
center axis.pétshi éns 0dssushpildaat yt Meermassagewgty har @A of sabatuge orifice
2-8 mm fromthe-opposite distal end of the rod. A preferred nethod of
form ng the@jwi&mgev\ay-and di scharge orifice is by neans of
el-ectrical discharge nmachining.. The bored cylindricalr-rod' IS then

formed into a.desired t|p sh f.or cont I,ng .t he.-desi r kpi ece
- surfaces such asllq'l S VR xanp . ciuggtsh SEF?B gsgf mﬁéngypgﬁdﬁoﬁ'al rod
nmay optionally, . be forrred into ~a tapered tip or profile before being’
- pierced, mERMBESINGor BACBINYRY| |V POFIPGs RniRATRAITHAN d ipesageway. The
tip f|UId passageway orifice nmay be offset eccentric to the tip axis, -
wher ei n t hecyldsshygeady ricsl, bbegdnsibgt ant thel 9epaeal aristoft ae erdt er aX| s
of the t|p but di splaced fromthe axis by 0.1 to [err]. 12
of the rod . and contlnulng at an angle of less than
a:zout 3_degrees from ;he center axis of said rod such
that the passageway forms a discharge cvrifiee 2-8 mm
from the oppoSite distal end of the rod. A preferred ' ‘
- method of formlng the lquld passageway and dlscharge
orifice is by means of electrical diScharge machining.
. The bored cylindrical rod is. tnen formed into a
desired tip shape for contacting the'desired.workpiece
surfaces such as, for example, tooth suxfaces.  The
eylindrical red may  optionally, be ‘formed into a
tapered tip or profile before being pierced, macnined,
bored or drilled for its intermnal fluid passagewaynf
_ The tip fluid passageway orifice may be offsetd
. eccentric to the tip axis, wherein the passageway is

bored substantially parallel to the center axis of the

tip but displac: = from the axis by 0.1 to 0 m.
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" DESCRI PTION OF THE DRAWNGS Figure. 1 is a sectional. view of an

ul trasoni %w/ odfyt i vated tool. tip of the invention as. pegpsipesat of
a dental oY nsert  in combination with.a handpi ece. Figure 2 is an
end view of the handpi ece conmponent with the electrical/fluid supply .
connectors. detached. Figure 3 is an enlarged sectional view of a tip of
the invention having an angularly offset fluid passageway. Figure 4 is an .
elevational ‘viewof atip simlar to Fiqgure 3 that has been shaped

for a parti CRERERERE SIEdd Offc ok gidina e 5 is another enbodi nent of
Figure 3, shaped for another preferred dental use. Figure 6 is a nodified .
embodi ment of Ffgure €l 5 & tehe sectdanabn. vigw of an ultrasonically

activatéd. tool tip of .the ‘invention as a
i compénent of a dental tool insert in
dombination Qi;h_a hapdpiece.
 Figure 2 is an end view of thé handpiece component
ﬁith .the"electrical/fluid supply connectors.
detached.

Figure 3 is an enl&rged éectidnal view of a.tip’of the
in&ention' having an angularly offset £fluid
passageway.

Figure 4 is an elevational view of a tip similar to
Figure 3 .that has Dbeen ' shaped fdf a
particular prefgrred dentalluse. |

Figure 5 is another embodiment of Figure 3, shaped for
.andther preferred dental use.

Figure 6 " is a'nwdified embodiment-éf Figﬁre"s df ﬁhe

invention.
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WD 96/ 00631 -Figure 7 is an enlarged sectional view of a tip of the

I nvention having an eccentric offset fluid passageway. Figure 8 is an
end view of .the distal end of the tip of Figure 7 shopéfgsesiobes ! uid
di-schar §&@ %P%1ce. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The

invention is, in general, a transducer activated tool for contacting
wor kpi ece surfaces and directing a fluid aonto_the rkpLece, ri nci pal

el ement -of B¥E%SventiDRH se%‘?%éa \7§Fg&-°f’|a% g(l)ﬁvﬁr:é\gi ﬁg%?s?gf\tﬂgurfaces_
that are shaped to  contact _the workpiece surfaces,: Addi ti gnal ly,

the tip includes a finventipasshyeiRg amt 8FRaRtTi¢o offifet Eilpidext ending
substantially along the longitudinal center axis of the tip but offset such
that a fluid di schar gmsmageway.is forned displaced from the distal tip
axi s. A connecting body connects the tip to.an activating
transducer @, fd Uik SAreRdi ¢16WnBectad distae e J# the tip

of Figure 7 showing the  fluid discharge

orifice.

DEIAILED_DESCRIEIIQN_QELEBEEERRED_EMBQDIMENIS
-The invention is, inu general, - a transducer - q
aétivated tool for_ éontacting "workpiece surfaces -and
directing a fluid onto the 'workpieCe.: A principal
element of the invention is an activated tip cbmprising
distal surfaces that are éhaped. to. contact. the
- workpie=e surfaées.- Additiénally, the tip'anludes.a
fluid passageway .iﬁternal-';to the tip . éxtending
'sﬁbstantiallylalong.the longitudinal center axis of the
tip but offéet such - that a ﬁluid.diséhérge orifice is
'fofmed displaced ffoh ‘the distal tip ~axis. - - A
connecting béd& connects the tip: to an*.éctivating

transducer and a fluid source is connected to the tool
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to supply a flow of fluid through the fluid passageway such that it
di scharges fromthe passageway orifice. A key advantage -of the
acti vat ed whiogipoe8f the invention is that the fluid passagPeEsosNs3éx s
di scharge orifice arrangenment relate to the distal end of the tip such that
t he arrangenent does not weaken the tip distal portion by renoving netal or
materials of constructionat_a Gritigal 1.an Lal ' I nt of
maxi num not i o> §1e1€8%§| ?, fﬁ e fol%ui &hgi%sg%gonglgﬂort?l%i t(;flg'%(%%i ?}ha%tsg rg’rall enment of
the invention is_|ocated at, or, near % node, of flexural notian and not near
a flexural | o8HcBuERatnif chprgesitrem  Eher REPERIRNEY E i ce i s
m nim zed. Referring to the drawings, Figure 1 and 2 show a preferred
enmbodi nent of the Anvkeyi cxdvéngagen offe £hg i achivtgdndriP ofofanthe
ultrasonically activated tool 10 for dental use, conprising a dental tool
insert 11 in gagyBhBabhoniw t khathardh ecEliid Thassggsmeayl andnfiigsrati on
of the tool of the inventionis well known in the art and is simlar to
the U'trason'&i%%ﬁh?&ed8?§§i9§ggb¥%§5%ﬁgﬁ@ufe1£té@to thé04236a1 ERQ t 0O

S i p Ta _ -

insert 11 inclu a“too

of the tip such that the arrangement does not weaken
the tip distal portioﬁ by re_moving metal er materials
.-o-f construction at a critical port;.ion of the tip.at_its
point of maximum motion. Secondly, the flgid discharge
orifice of the a_t_rrangefnent' o.f._ the invention is located
“at .IOIr,. near a node of flé,xural motion apd not near a
flexural .loop'such that _spréy ér mist generatipn at the
orifice is minimized.

Referring to the. draﬁings, Figuré 1 and 2 show a
preferred embodim’ent, of l't_he _j.nvént:l_on' wherein the tip
is a component. of an ﬁlt_rasc;nically activa:ed tool 10
for 'dentai uée, comp_rising a denta_.l tool insert 11 in
combinlation. with a handpiece '12.. |

The .general 'co.nfig.uratiﬂon of the .t_ool of the
invention is welik_now_n in the art and is similar to

the ultrasonic device described by Perdreaux in Re.
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key el ement of the invention which will be described in nore detail bel ow,
and a magnetostrictive elenent 14, joined by a connecting body 15. A
portion of the connecting body 15 is enclosed in a sleeve 16 which is
forned tWo9eOd@Ete a portion of the connecting body 15 suéWWﬁ’“s:’é-ﬁe
connecting body is free to transmt energy to the tip. - In addition,
the sleeve fornms an annul ar passageway 17 permtting fluid flowto the t|p
20. A redi®eé36nd (Trosstaektimsext 11hénchhdesea téopertdipt 20,t 20 be
renovably inserted into the housing 12. An Oring 18 fits into a groove
cut into thgey @dementpbdVicliengnveation eBich Ngill Beé i déserdbed fnt

t her ebet ween. The .i nternal posterior face 19 of thi s section is

count er sunk g 9.of agddd At Gefdw! dahl oy toBErIARRGE! oy 14 A L

distal end of the slééve, 1ts internal bore Is |tte groove and

Oring 21 whigh, i t th th ti ng body _15 de a
se;: n?or pré‘l?g‘HFFlna%fl & dcﬁgg?)‘l?ﬁ?‘?nrr&m ??é’dyr gjn?;:ﬁgn Csplé?r% 5 nge\@%r ovi de 2

connecti ng body. 16 The connect i na body 15 functions as an acousti cal
i npedance t conSEcERRY b@ﬂYtﬁéngﬁoﬁmp @S@ﬁeﬁgyafﬁdﬁPWﬁe15 which is

formed to enclose a portion of the’ connectlng body 15
' Such' thét thé ccnnécting' bde is:-freeﬁ'to traﬁsmit
energy to the tip. 'Infaddition, the sieeve'fofms an
wanhuiér_passageway'17‘permitting'fluid:flow=to“thé-tip
:éo;' A _féduced 'éﬂdZICross-ééction of the sleeve 16
perxﬁits it to be removably inserted into the  housing
12. An 'O.-.r'ing‘ 18 fits into a groove c‘:u.t' into ‘the
sleeve providing a retaining,  frictional fit
therebetwéen.} The internal posterior face 19 of this
section is 'countersunk'to facilitate fluid flow aﬁoﬁt
Ehe conﬁééﬁ_iné body. At the distal end of the sleeve,
its:internéi bdre is fitted'with a'éroove and”0;ring 21
‘which, in combination with the conneCting'”body_fls,
?fovidé a SEai”fof'pfeVehtiﬁg fluid from floﬁing from

the assembled sleeve and connecting body.
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magnet ostrictive stack 14 to the work tool tip 20. As is well known in the
art, the connecting body 15 varies in cross-section along its |ongitudinal
| engt h Whigredoewaédi€S the anplitude of nechanical vibration, PoEUSYSNEd6E3
ultimate object of obtaining a desired anplitude magnification at the
operating tip that is useful for performng a task on a workpi ece. These

pri nci pal s are weld, desorl bosk by 1Eagkod nedh sorh %D, e Sacolbt fbai o

i ncorporated herein by refere escri y Banko, the
cross-section, ~and, hence, _ mass of _the vari.ous portions.of the
connect i ng boHF%‘faé“ifes?ﬁfé%f?Wefpp@%rtrﬁafrésf‘gpﬁtd‘@gt eéal}leor(?é’s %F%“ I %%%s' of

| ongi tudi nal vibration. As noted therein a nodal point is where the

anpl i tude ofmagnetpatriiotdive \stigckt i14n to $heyark HRPY i@ - stdess in

t he connecting body is greatest while a loop is a point where |ongitudinal
motion is at i4swell daic@i irarthe sintgsshet wennkeefshg bod¥his, variesi s
desirable to |l ocate supporting and sealing Orings and the |ike at nodal

points. 17 .iJh'g:_r%%QDEEELﬂenb%n& 19¢| udagiauakngdl 22 ligdedwRickHachi ned
onto its shaft adjacent to the nodal point - . - : :

' varies the amplitude of mechahical vibratioph with the ;
ulﬁihate objeét. éf obtaining a .desired amplitude
mégnification,at the operatiﬁg tip that is.usefﬁl_fp;

' éerférming a task 6n a workpiece. . These principals are

~well described by- Banko‘ in U.S8. 3,930,173, which_;is
in¢§rp6rated ‘herein by referenée. ~ As _déscribed_.by
ﬁanko,. the cross-secﬁion. and, hence, -magsfl of the
various portions of the connepting body are designed to
appropriately 'locate nodeg"and loops of 1longitudinal
vibration. As notéd therein a nodal point is whgre the
aﬁplitude .of lpngitudina1  vibration is. zero and
intgrnal stress in the connecting Eody is_ greateét
whilé é loop is a_éoint wheré longitudinal motion is at
its .greatest and stress the ieast. : Thus, it is"
desirable to locate sﬁpporting and séaling_o-rings and

the like at nodal points.
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and sized to fit loosely into a corresponding groove 23 cut into the sleeve
interior surface. - The ring 22 includes a single key (not - shown) on .
its out nference that fits into one of two semC| passes
(not shgl\s\)n%%h&%gt longitudinally into the interior sur fc;lléﬁsgg' he bore,
[err] apart from each other and centered with a radius or altitude of the
groove 23. The key is held in one of the bypasses after assenbly which
serves as a ret aimer ?Qﬂneﬂﬁ'—énﬁefqﬂéf 1% t Hec bt Bypdss Fowxrzed path for
fluid flow around the ring. Brazed or otherwise firmy attached to

t he connect i9¥g Mesdines jontohd teagihedss adiacens \chrtteoornagtalstmeintl4 whi ch
is preferably formed of a netal alloy such as‘ permanickel, nickel or -
ot her all opad tsizkedpass€ds lobbgby iheosal €orréspeidiny r’tﬂﬁlre e

hi ghly magnetostrictive in character. The housing or handpiece 12 |ncludes

a coil unitcd thato pﬁ:‘?ﬁucéfeé’vémgﬂﬁékio%' Rl e 1 NduGiN,- g?%st 1 cti Vé

Iongltudlnally to t he |nsert_ : t hroug t he magne
stack 14. 80|I un|t 1N ilud% e
1nc u s1ng key  (not shown) on its outer

circumference that fits int'lo'one of two -s_étﬁiéir’c;ulaf
bypasses (not sho_wn). _'cut.' '--lo_ngitudi'nal'ly"- inf.o‘ ‘the
interior surfaces of the bore, 180° apa'rt- from . each
other and centered with a 'radiué ‘or altitude of the .'1.
groove 23. .The key is held in one of the bypasse'é
after assé’mblir which serves as a r_eta’_’iner. for the 'keir
while the- other bypass provides a path .flor fluid flbw
arouhd the rlng

) Brazéd or otherwise firmly :attached to - :.the
connecting body 15 is the magnetostrictive vibrator or
'stac]; 14 which is-;_p'referabl'y-form'ed cl.Jf'a metal”al‘loy
such as permanickel, nickel or .other' -alloys: ' Ehaf:
poése’s,s_ - i’ligh tensile . strength and = are highiy‘
magnetostrictive iq character. | |
| - The housing or h‘andpie.ce’ 12 __'-includes a coil lunit

24 that produces a magnetic field for inducing 'fnotioh
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drive coil 25 that is connected to an alternating current source.
- The drive coil 25 is wound in a double coil between retaining flanges 26,
27 and pr Qvh sgsesan €l ectromagnetic field in the handpi ece RCIUSY/OBIdback
coil 28 of fine wre is provided to register voltage devel oped by the
insert in the electromagnetic field and the handpi ece. The feedback coi
is awnding of five.l of W r et Ad ang8s 2¢h-38ghand ehe
connected to PBgﬁEu?%ﬁ%ﬁhgk éfygnﬁﬂFgrnina__SZ,.shomm In F?gure 2. _
bucki ng coil 34, - of heavier wire than the eedback .. cqil ,_i und in one
Bhea PoLriFaH »ine Tl

layer over WASNEEREREERELE | SEATK d4desi GH8d o i _ ¥ ofner
coupling between the drive coil and the feedback coil. The bucking coil and
drive coil ardrivenecoidd 28t webatt elsi reamnertedndtes ah AdegdatilAgous
wire. The drive coil is attached to termnal 33 and, using a right hand

turn for exanphereht BouRce | oThd | digee Xoilo F9 dmyevodndars badoubleThe end
of the wire is then connected to termnal 31. The bucking coil and drive

coil are wired,19 potWPeR6,AG3Lihg $abngesat,ar27 V@R dprBvoaesseahe
direction and are - - R
.elec;romagnetic fiel& in the handpiece 12. A-fee@back
'coil,28.of fine wire is'provided to reéister vditage
developéd by the insert in the electromagnetié.fiéid
and the handpiece. The feedback chl.is a winding of
- five layers of wire, betwegn flanges 29, 30, and .is
connected to ground te#minal_Bl and terminél 32'-shown
in Fiéure 2. A bucking coil 34, of'hgavier wire-thén
“the feedback coil _is wound in oné layer over ;he
feedback coil and is deéigned.to minimize transformer
_.ﬁéupling between the drive coil and ﬁhe feedback coil.
The-buéking coil ana drivé coil are connected betwéén
' terminals.31 and 33 in one continuous wire. The dfive
coil is atﬁached_to te?mina1'33 and, using a right.hand
turn for example,:és Qbund frém flange'zs to flaﬁge.27
and back. The end of the wire is then conneétéd.to_

terminal_Bl{ The bucking coil and drive coil are wired.
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therefore el ectromagnetically 180 degrees out of phase. The bucking coil is -
electrically insulated fromthe feedback coil. Electrical power and fluid
are supplied to the instrument by neans- of ‘a cable 35, including a plug

at t achnwo 96/8631t hat . connects to the handpi ece. The ePETUSINO8I63supply is
connected through three electrical pin connectors 37 (only one shown) that
mate with the handpi ece receptacle termnals shown in Figure 2. Pin

“connectors g@npeeies hadt hee aictinidl fn 38ppodBrHr QYA DONEENBOalrRe coi | and
regi ster feedback while a p| n.connected to a grounded term nal 31 acts as a-

common groupgl 1c'&@.|].'3}d§§0adgb§égs[3{1&] o0 piiade

connect or flttlng 39 or atta ment tothe body of the hand ece - The
conduit suppl] id to t hand ul.t i mat el t he ol tip 20,
through a pa gek%a 1%, © hfnrltsl a qlr?tag'q Yoot at%ﬁ/tﬂr ‘Phgé%
magnet ostrictive el ement 14 to provi de cooling. At the distal end of the
connect i ng ferfbask qaid -connecting body is counter-bored to form a
central 20 - axial |ongitudinal passageway 41 for fluid flow to the

: Electrical power and fluid are supplied to the

' instrume::lt b.y .meaﬁeé of | a cable '_35, " including a pl@g
attachm-entl 36 ‘that céﬁnect';s" to the".r..-:-.andp_iefc"e.- The
eiectricai 'su.é;ply ié corinelcted thr'dugh _t.?:xre’e‘ electrical
pin 'cox'meclto.rs. 37 .(:only one shown) ‘that mate 'wifh' the '
handpiece éece.pta'cle' terminals:"'sholwn"""i'n Figui_re 2. Pin
connectors cor_méc'i'.:ec:'i'. tc:;the" terminals '32,.' 33 provide
p.oo.we.r._to. the .c.oil. and. regiéter'_'feedbaék while a pin
cannéf"tad to a grdunded téﬁnihal 31 acts as a common
grour .  The éai:le 35 aléo'inclﬂdes a f£luid ‘con’:.it 38
and a ::xx:'mector Iflitt'il.ng 39 for attaéhment to ti body
of the handjpiéce‘. The conduit Suppiies fluid to the

. hlarlldpiece., 'and.,. ﬁit';imatély; Ehe tool tip 20, through :.a
pa.ssag.e.lway 4.0l,”.in;;.ti-all'y "'iﬁto contact with the
magnetostrictive .:.e.]:.e'ment 14 to pfo%ridé "'c'bolirigl.-

At tha distal en.d. of 'th_el _cbﬁhet:ting body 15,".-.._the

connecting bedy is coun_'tei:'-"bor'e'd to form a central
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fip 20. A radial boring 42 in the connecting body 15 at the interior
termnus of the fluid passageway boring connects the central passageway 41

W th-the w3 0f the sleeve 16 to collect fluid flow ngdrseesbdskpwn in
the . draw ngs as smal | arrows) about "~ the magnetostrictive

el enent . The radial boring 42 is |located on the internal side of .the

O-ring gasket 21 50 1%%%@ phbtbdeliomi heob @iesrﬁcm% %rdzgcrha s only

fromthe cent out nne t [ ng
operative port.io t he .ul sonl caﬁ%y .ac vat ed to S a
distal tip porttllpopf‘)o 43 21 53R t 8’??‘% r kBi k‘& Cé’wggégg i‘shank
portion 44 that is secured to the connecting body 15. The connecting body
incl udes a co@ftt &hepdnéerdpr, seeminug ehethe pfLpithPaeEagRvaY RBFIRG secur ed
by brazing, mating threads or the [Iike. A fluid passageway
45, descri betonnectdethil ceheraly, padsagehy nMierwinh tithe himttéyicel efent or
body, exits through a internal or side wall in the tip to provide a f|UId
di scharge 0“ fnee fikevel 16 MO géigé)@@lfIUld flowing from (shown in
the draw1ngs as .small . arrows) about the
magnetostrictive element. The radial boring 42 is
located on the internal side of the O-ring gasket 21 so
- that flow of fluid from the handpiece interior is only
from the central bore 41 out of the connecting bbdy.
"The tip 20, . the operative portion of the
ultrasonically _activated tool', comprises a distal tip
péftion 43 'for cbntécting' workpiece surfaces and __a'
shank portion 44 that is secured to the connecting body
15. The connectiﬁg body includes a coimte_r' bore for
receiving the tip shank 44 which may be secured by
brazing, mating threads or the ' like. - A fluid
passageway 45, .described in detail below, formed
interior to the tip .element or body, exits through a

int:"efnal- or side wall in the tip to provide a fluid

discharge orifice 46.
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Referring to Fi gures 3 and 4, preferred embodi nents 50, 60 of

the invention are shown. .- Figure 3 i-s a sectional elevational view of a
tool tipwadesdagiior e shaping for contacting workpi ece surfpefsesnsidd '
general , while ~a straight tool shape nmay find application and is

within the scope of the invention, the tool tip of the invention is further

formed by bondin toatool t|p 60 having a s e such as that shown in
Figure 4, which g’h errlé'lgljse]r’u %‘é’??‘f cula f}iﬁoi cdri on?rfz%?rﬁ?ﬁich t he

tool is enployed. Referrln to F| re, 3, thetool conprises.a distal tip
end 51 that €% SKETEAEH 3Pt Hferfd in¥eRfePn ArONSleWR { 0 RbgUpeece
surfaces with which it is to be contacted. The tip further includes a shank
52 at includesia redsrctiorsld elévationmal reiewved, aasoootteilp Bbpve with
respect- to Figure 1, by a counter bore on the connecti ng body 15.

1

A fluid passrfemy Sitapindoféfl tbhesgbihdewbelpiotet RRrEhBesW t h1gan angul ar. '

of fset 54 fromthe | ongi tudinal center axis 56 of the tip body such that

fluid d| schg | f| GehPrle | sif Orer‘i%J.'gﬂta |é@o]\_/val EhQ{)et h?na[yer r}qné)ody,
ecte 2

| ocate - di stance

appl:.catlon and is within the scope of the invention,

the tool tip ¢ 'of the invention is further form'ed_ by

b :ding into a tool 'tip 60 having a shape such as that

s-hqwn in Figure 4, which shape is 'us_e'ful in par-ti_cul.ar ‘1
applic'atioﬁé for which the tool is employed. --Refefring
to Figure 3, the toc’>l. comprises a d‘-isfal‘ tip end 5.1.
that is specia_t_llf ta:pered. é.nd shapéd to cén_form- -ﬁo
workpiece surfaces with which it is t§ ‘be contacted.
The tiﬁ further incl‘uéeé- a shank 52  at includes a
reduced end that ' is .receivec’l, as noted ab&re with
respect to Figure 1, by a cpun‘ter_. bore--.' on the
connectiné body 15.° .- A fluid pas's'ageway-. 53 is. 'borea
 through the body of the tip, with an ang'u’iar- -offs.e-t'. 54
from the '-lon'git'udinal | centér axig 56 of the tip ‘body
such that. fluid discharge orifice 57 'is formed in a

“ide wall of th :ip body, locate  a selected distance
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fromthe distal end 58 of the tip. A key elenent of the invention is the
rel ati onshi p between the |ocation.of the center axis of the passageway

di schargevpégg,&%ﬁ 57 :and the distal ti p end 58. Boring of pépukdsiisses
passageway 53, begins at the center axis 56 of the shank 52 and is
angul arly offset fromthe tip center axis, preferably by less than [err],

such that the fluid.discharge orifice prefer exj t b - from
the tip end 5§.r°mAg:h§ r‘g’s%ag‘ ‘?rl’f% %%dogoﬂ"?o%' 1 ofitﬁggt %g‘gfnénrge%?r kabl y
and uni quely strong and may readily ‘bhe tapered %nd shapetg]I tq a useful,
narrow point the imyentigraisy the ikelatdonsndR P&EWePRe tdes OMorifice
57 s such that it 1is |ocated adjacent to a vibrational node of

rel atively | owfmitheorcentierh axis mifz gshes (pagsagavayl stisaharge @riftice exact

| ocation of the fluid discharge orifice 57 and, hence, the angle offset 54

enpl oyed in bai ggqdt PRe PaSSBIEWED Bhd $sdet ermined By the ultimate final
shape of the tip and the flexural notion desired. Were the shape of

the tip deviates B]:DE’.'Q% b2e Jr oAt u ofddSagtudy 9B5 & BegBhiSNads chaose
shown in Fig. 23 : o -
center axis 56 of the shank 52 and is angularly offset
from the,tip éenter axis; preferably by less than 3°,
such that ﬁhe fluid discharge orifice preferably exits
about '2-'8 mm from the 'ﬁ_ip end 58. As a result, the end
portion.51 of the tip is remarkably and uniquely strong
'and may readily be tapered and  shaped to a wuseful,
narxow point.'. 'Additioﬁally, the l§¢ation- of the
diécﬁarée lorific:e 57 ié sucﬁ that it is located'
adjacent ;o-a'&ibraticnal node of relativély low motion
'.whicﬁ minimizes'spray.and mist fofmatioh.
.The exact location of the fluid discharge brifice
57 and, hénce, the angle offset 54 employed in.boring
'the.paséageWay 53 .is determined by the ﬁltimate'final.
shape of the tip and the flexurai motion_desired.

Where the shape of the tip deviates from the

_lineér profile of Figure 3, such as those shown in Fig.
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4-6, a bending force is introduced to the Idngitudinal vi bration of the
i nsert. Thi s bending force causes a flexural, resonant vibration in the

bent “or @lEBsksgnd 58 of the tip, at approximtely rightpciistoEssstd the
- axi.s of the bent tip, as described below. In flexural resonance, a rod-Ilike

‘piece of nmetal such as the tip insert of interest will vibrate by bending
back and for ' The rate, _or frequenc wth whic Lt vibrates is

‘det er i ned ‘{)%’-iaf o€ cifg}'ésfc ?r%$a+%cf"@,‘?¥§?lf%es$ toTﬁgel'hJREg?t?ﬁiéﬂ%%nCy of
vibration is that in which the overall |ength of -the rod is one half wave

~ length | ong.Vibratdons phdip bR8Rrand f&iehbepding tfonsed-gmigas -ar node,
With the ends noving at right angles to the axis of notion There is no-

notion at tHdenxugdel, Wreseonanbpyibiratapnmim rohel dentxicyt foridd ends. The

owest frequency of flexural vibration, where the length of the rod is -

one hal f waws® |€ngthes t85,Medtt hipgrendaaestd Fipfuessyles AN0tgd above
Wi th respect to the connecting body, at the ends of suCh a vibrating rod,

where the muiionJes gl BBt M as iR BR1bR, the metal of the rod are
zero, while a tﬁe 5% . | T - _ S
| 'v;n flexural resonance, a. rod-like piece o£ meﬁal
such as the tip insert of ipﬁerest will vibrate by
'bending1back and - forth. -The rate, or frequency, wiﬁh
.which it : vibrates is determined'- by_. i-ts.- physical ' 1
-chéracteristics. The lowest-frequencylof-vibration.is'
~ that in wbich the'overali length of the rod is one:half
 wave lengfh long. The fod beﬁds-back andgforth-aboﬁt
its.mid-point(_or"nodé,_ﬁith the ends_mbving at: right
angles to-the axis of,motiqn : The;e iéﬂno.motion,at B
the.node, while loops of maximum motion exist at the
ends. The lowest'.frequency ofﬁ_fieXural-.vibration, .
Whgre thé.length of .the rod is_one-half wave long, is
termed the fundamental_frequgncy; . As noted above with
réspec; to the connecting bodyL at the ends of:Such'a
"vibrating rod, ' where the motion is: at a n@ximum, the

stresses in the metal of the rod are zero, while at the
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node, where the notion is zero, the stresses are at a maxi num Because of

these stresses, maxi numnotion or strain, is ‘limted by.the ultimte
and fati gths of . the naterial of which the rod periRéksssine

rod Qﬁ83?@§§P vibrate at "har moni ¢ frequenci es", géTlntegral
nultiples of the fundanental frequency Then there will be as many nodes
(poi nts of zero_ flexural _notion), Is the nunber. of the harnonic.
For exanpl e, "odgy wWhREe fihe ﬁ“°tH8Prrﬂ1ﬁ (,qu?oeqlfg??cys’tr?ﬁ% ¥e’tt Re

fundanmental frequency) there will be five nodes and six loops. If the rod
i s of unifornmexdmymsecBecausanodr ithieseasrenags, mRXimymamPsAonf oodes and
Ioops will also be uniform and distributed along the length. . If cross-

‘sections and seraihal sighabgeitédndy hecleengiltisdatiche andd, faedguet uting a
varying nass axis, the distribution of |oops and nodes changes, generally

~in inverse ra%teeh§t§§g§f-a?&ti riadl BENRh2BR- the lfod MG maMRss axis”

that. is, the cen nmass Istribution along the physical Iength of

‘the rods, is lineagyand Lonoi tydinal yibratign.Ls i ndyged. g flgxure

frequencies", br'integral'multiples of thelfunaameﬁtal
frequency;' Thén there will be ;S'mahy nodeé”(points of
zero = flexural .motion), as is the' number of thé
harmonic. ‘For example, at ~ the _fifth" harmonic
frequency, (five times the fundamental frequenéy) thére
will be five nodes and six loops.

If the rod is of uniform croSsésectioﬁ,jmateriai,
and shape, the location of nodes and 1éops will also be
Liniformf and distributed along the length. = 1If crbss-.
éectionsiéﬁd materials éhange along the length of -the
rod, constituting a varying mass axis, the distribution
'oflloops énd nodeS'qhanges;'geherall? in inverée ra:io-
to cross-sectional dimensions. If the "mass axis",
.tﬁat 'is, the center qff'mass distribution along the
physical length of the rods, is linear and longitudinal

. vibration ‘is induced, no flexure occurs.
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WD 96/ 00631 In the insert 11 of the invention, the materials and the

cross-section vary, . both in shape and area, along its longitudinal length.

These di Wedsagaas do not prohibit resonant vibration, eitferusosnsgsesudi nal
or flexure, but do affect the |ocations and anplitudes of nodes and | oops.
Bendi ng or shaping the tip into a useful. shape for contacting a

particul ar wor kplIelcq:hesu%@,_st dent gk vl LR o EOOtﬂheSUrﬁJt?é:,?ﬁals causes a
I's

di spl acenent of nmass at or near -t he di stal end of the tip

di spl acenent__cau, X vik he t.ip to_ogcur. at the
frequency of %he&?eflserr SS % H%?Jf)nl S s&ape provsf neggé

anplification of flexural pmotion.vibration and to allow useful access to
vari ous are84988 tHe t LERGItYRNGY o} §RIFRnDdeTRPSS BidfrEANERAAR es | 0Ops
and nodes fromthe end of the tip to the opposite end of the insert.
However, ' beoatsprphébitogesenant ondbrat en oreittsr Shdngidfudimali reer t

i ncreases greatly as the distance fromthe tip increases, the magnitude of

the flexuralfluikiEal i Batakiot e fee@pEhde YcrATISNEO atrdl raagﬂu%dete torat
generat ed at the tip. For conventional tips, 26
nodes and loops. Bending or shaping t_:he tip into a
'u_se_ful_ shape for conﬁacting -a particular ,w,orkplie'ce,-
such .as deﬁt’al caV_iEies or tooth surfacee_, causes a
d_isplacement. of mae_s-at or near the d_.i's_tal end of the
tip.  This di-_spla:q.ement caﬁses: the . flexural vj.bratien '
- in the t_ip to occur at the .fre'quein_cy__ of. the insert. |
The tip ;’.’s_eha.ped to p_rovi__d.e.necessaryl amplif_ication of
fle_xuf:_al -motion _vibratio_r@-a’nd to allow useful _ac_cess:' to
_var-ious,areas 6: the te_etp, |
The 'flexu.ral_mo_d__e'_ of '.vibr_a_tion_ _generates loops and
nodes from the end of the tip to the opposite ..end..o:f_
- the | insert. However, because ‘the .cross_-_sect_:i_c')nal_ .are.a
or mass. ax_ié of the insert increases greatljr as the
 distance from the t_i_ia incre_ases', the jma.g'nit_:u.de__ of the
flexural vibration at.the loops deerfeases to .a fraction

of that generated at the tip. - For conventional tips,
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descri bed above, as the tip fluid flow for cooling the insert and workpi ece
area fl.ows over the vibrating tip towards the working, .distal end portion
of the ti Ryl 95'051 uid must pass |oops of flexural vibratiopcriogssossésst at
the end of the insert. I n many conventional tips, the notion at the |oops
‘near the tip is relatively large, which it nust be to provide active '

workability, @agciiised|absid, m@'tﬂi@'tflgll;eﬁl/@ﬁdtflﬁowlﬂoﬁscaoMﬁ theray, or
aerosol, preventing the fluid fromreaching the tip, where it is needed. :

The pref e”edaﬁéé’réoaﬂé Erbg!éﬁf &e 0y ﬁé&Oﬁféwg hbsesli {4 Cuiwa@yn@oagg t he

internal flui passageway roug tip at ‘an angul ar fset
from the Ion | tudi cen axi s,.of the as_shown_in Figure
such that the %‘%@E‘%\ aWé Jtﬁgs' dflts(l}ﬁt"‘t ﬁ’&ﬁgaX{HBf Eﬁﬁ FEi dhg?scharge
orifice 62 at or very near the first _node of vi brati on. At 25 kHz- and 30
kHz, the- Fi gufduiid i mastieBren, LpppaiuesElesural svibpaeion thakn ebb8E 4 to 5

mnfromthe tip. The second lLoop, after the loop at the tip end 63, occurs
between 7 anda® ghef ead ofe thep b3, V\m_rmanhecbheeutéd:namttbpsis 27

the motion at thé_ loops near the tip is relatively
large, _which.it must be té provide active workability,
‘and the fluid immediately leaves the _tip: as .a' .m.ist,
spray, or_aer§sol, preventing the iluid from.reaching
the tip, where.it is needed.

'The'preférred tip 60 of Figure 4'_overc':o_mes this
diffiéulty by boring the_internal'fluid passageway 61
through the tip at an :angqlar offset lfrom' ﬁhe
longitudinal center'axis'of the tip body as shown in
Figure 3 such that thé passageway emergés. from the
shaped tip as,a.fluid discharge orifice 62 aﬁ or very
near the first node of vibratioh. At 25 kHz_and.BO
kHz, _the Figure 4 tip de_sigr_i,_ produces its. first node'
at from about 4 to 5 mm from the tip. The second loop,
after thé ioép ai:. t-hé_ tip end 63, occurs between 7 and

9 mm from the tip end 63, where the flexural'motion is
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still great enough to cause conplete nmisting of the fluid flow ng towards
the tip. The fluid passageway in the nost preferred tip I's angul arly offset

such th gaks out of the tip wall between about 5. 5@igheogss™m from
t he tlpa%hdkggf The supply of fluid enmerging from the d?scharge o

orifice 62 exits at a point where. the vibrational nmotion is reduced

to a IeveIt&ﬁgamgeﬁﬁwanggé?lggusgagggtbg&ﬁeeFFpray@} okaEld'SCharge

t he veIOC|tf I'ng urd carrries pr| C|paIIy along t he
concave surface of _the tip to the t|p di stal end 63. Here, notion is again
maxi mi zed. Eluad &1 gﬁ%%?l?@ﬁ%ﬁﬁﬁﬂ@? %WRe spray is at the work surface
and will properly flush and cool the surface.of the tooth. As noted above,
the tip 60 shownThe Eilyidepasssgewpyefinrthe mostbediefesred ¢fip ishe
invention, finding universal usefulness in the dental field for use as a
cl eani ng, seabubgrapd cfFeetal swdH pHapose tlopeakdabhig festhabltay | exur al
activity, good wear qualities and mnimal spray interference. The shape
of the tip gQ13hauRwbanFLBYGE §.5SaRECEUECHNPEBmTRABS Qb 2nd NG & 28
The supply of £fluid emerging from the discharge
orifice 62 exits at a point where the vibrat_-J".onal
motion is reduced to a level that will not cause
misting or spraying. U_pdn discharge, the velocity of ' 1
the emerging fluid carries the fluid principally along
the conca\}e surface of the tip to the tip distal end
63. Here, motion is again maximized. While spraying
~‘occurs, the spray is at the work surface and will
properly flush and cool the surface of the tooth.’
As noted above, the tip 60 shown in'Fig'ure 4 is a
preferred embodiment of - the invention,  finding
universal usefulness in the dental field for use as a
cleaning, 9caling'and general all purpose tool, having
desirable flexural -acti{ri'ty, good wear qualities and
minimal spray interference. The shape of the tip 60

shown in Figure 4 is produced by a means of' a  single

28



bend. The tip is bent through an arc of about 60-70 degrees, typically
made after the passageway has been bored. - Thus, care nust- be undertaken
to insure Wwhbakoésdg bend does not restrict flow of fluid throwgisesssesip.
The exact shape of the tip will be determ ned by the workpi ece -surfaces
upon which the tool will be utilized. Figures 5 and 6 show other

‘embodi ments 7@en@0 ofrhdieribi Rs Yentt Hhrdudted Ofre 8ES@boutefay-7d or
dental applications, having shapes different fromthe tip 60 of Figure 4.

I'n Figures 5- ree | X adiis_ar i d - ed_to er m ne

t he shape of tegE?F%.' Ités&lq’lc%grlg g'!adae f{%ﬁgere%@enggggsggé%yaga%hﬁgﬁstaI end
.81 of the tip 80 _and a portion of the tip is renoved to.forma channel 82
for assisti ng%é?h'&ddi re'E‘P'%g cREer FUEE . MWt e wbP k pPENES FhREE
particular manner. It is recognized in _ the field of dental :
instrunents &h¢ hemsd doas nohatrestiécparfliovul e find@e thyphahedhend an
exact orifice discharge configuration are a function of the workpiece or
operation to kepper fioigTkactThapes ofustieult ipr wiftli nwl Gdwpesinade byf t en 29

“the workpiece surfaces upon which the tool" will be
_utilized.
Figufes 5 and 6 show bther embodiments 70, 80 of
.the. tip of the invention, also uséful for dental
_ applications,.haying shapes different from the tip:GO
~of Figure 4. InnFigures 5-6, three_bending,radii are'
evident and employed to determine thé_Shépe_of the tip._
In Figure 6, a.further bend is made at the distai end.
81 of the tip so_and g_pqrtioﬁ of Fhe tip is femoved to
~form a éhénnel 82 for assisting and difec;ing the_fluid
flow onto-the workpiece in a parﬁicular manner.

It 'is; recognized = in - the field of _dental
instrumen;s and the like ﬁhat the particular shapé
employéd and.an ekact.grifice.discharge configuratioh
are 'a function of the wofkpiece or qperation to be

performed. The most useful cr7optimal Shapgs are often
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'enpirically determ ned by-those skilled in the art. = A key el enent of
the present i nvention is the establishment of the relationship

bet ween istal end of the working tip and the |ocati orifice
discharggp§w®ﬁﬁthat the orifice is located sufficiently g?gﬁgﬁ%ﬁ390h1the

distal end yet sufficiently close to direct fluid onto the tip and - -
wor kpi ece. The | ocation of .the discharge orjfice nust be such that the tip
body remai nPAGLEEERLLIaERFRYAENED Y r bosS eshitbedi onsthe arfengA
Secondly, the orifice |located nust be such that the fluid flow does not

© cause exceskfYe splemenind @ifsti hhet haprdsardy f edaventhorf f i s enftheper ati on .
of the tool: Another enbodinent of, the invention is shown in Figures 7 and
8. In tip @8tabhbshimént Fiogurehe, relhkiibfishassagawmendlths diiddsad t hrough
t he body substantially in parallel with the center axis 92 of 'the tip body
but a s!i ghbhy Bar 8hbeliotki AECERL! bRa0Lh8CH B3 BT Bl @ROlod si@lect ed

di mensi on therefrom The fTuid discharge orifice I's eccentric to

,f iegt gg aX|. Sdggcg;rég es&c":l’?’tl‘?ast Str}?e\/m orlffilzclegu{se 186cat'6ésd Ssmofﬂclirélfi@l%ur e 7. the .
o ‘distant from the distal end ‘yet sufficiently 'dlo_s.e" to
dirzct fluid onto the tip and we. '-f:pi_eée. The locétiﬁn
of the discharge orifice must be such that the tip body

fefnéining‘ after machining to effective d_imensjéoné' is _ 1

strong'._" Secondlyj' the drifice .loc'at'ed must be such

that the fluid flow 'd_'c:es not cause éxbessive épfaijr' and

mi'sting. that j.nterfere with "eff'icient-' 6pera£ion of the

tool. |

Another embodiment of the inve:‘.ion is Shov\;ri in

'Figﬁfes 7 and 8. 1In .t':ip 90, shown in Figure 7, a 'fluid

pa_ssagewaf 21 is drilled 'throulgh'th'e body'. substaﬁti'ally

in patallei with the center axis 92 of ‘the .t_i-.p body but

a slightly parallel or eccentric offset 93 .t'he'z;'eflrc'im of

a 'éelectéd_ 'dimension therefrom. = The fluid discﬂar’éé

orifice '94  is eccentric to center axis 92 of the tip,

as +hown in Figure 8.  As shown in Figure 7, the tip
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end portion 95 is machined such that the discharge orifice position may
be adjusted as desired, here displaced fromthe tip end. As is the
case with wosknbedp! tips, the tip 90 enploying the Figure Pcgrdsesiessent will
most - likely be. formed into a curved shape to inpart desired flexura
noti-on and to conformto desired workpi ece shapes. The Figure 7

~ enbodi ment naighlyal Bort {kh ad¥ani 80&ma@hihekal fhew WHae Bhél aifhddgaxural
strength and wear -resi stance on the convex side of .the. tip which mght -

~be bent to Ry . conf on, ch_as ho i | es,4-
Referring - t8§l¥&?§ur%gg{§%¢£)fﬁﬁy gﬁbr? Sgﬁ?ea a%gafgggha Nng}%ﬁgrent

| npressed. upon,,the coil _unit 24 described above creates an alternating
magneti c fieIélﬁﬁlacFﬂefroﬁaﬁgﬁiééé entor t iftfh 1sl§he;§6F?oHH&%n§Dstthe
magnetostrictive stack 14. The electro-magnetic field vibrationally
excites the nkgodt 6dpei ctheetipad® duploying tihey Figwyie (diewdodimensn at
ultrasonic frequency to the connecting body 15 and tip 20 connected :
thereto. As diwggussmesfibQaikeli/hebé OFrinéd NdhtdDId OBugREaeSsHd}e ditst al end

43 of the tip 20 to vibrate flexurally to 31
impart _desired_ flexgral motion and to c_onf_orm to
desired  workpiece shapes. " The Figure 7- émbodiment
maintains the advantage of fetaining more metal f_or'
fl-,exurai strength' and wéar resistance on the convex
side of the tip which might be bent to any
configuration, such as thosefshownlin Figures 4-6.

. .Referring to Figurer 1, in operation, an
alternating current impressed upon the cqil unit’ 24
described above creates an a.lterna'ti.ng .magneti;'c field.
in  the handpiece portion 12 . sﬁrroundixig the
magnetostrictive stack 14. The electro-magnetic field
vibrationaily excites the magn'etostrict'ive stack 14,
'imparting- 1ongitudinal mot.ioh at ultrasonic frequeri'cy
to the ébnnectihg_body 15 and tip 20-c§qnected';hereto,
As di_scuséed”above, the_. longitudinal motion causes the

distal end 43 of the tip 20 to vibrate flexurally to
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produce a notion useful for performing a task on a workpiece, such as, for °

exanpl e, cleaning a-tooth. Sinultaneously, a flow of cooling/irrigating
fluid fl weseeooes10 t-he handpiece chanber containing t#ernusesnssss
magnet ostri cti've stack, cooling the stack and passing therefrominto the
annul ar space between the sleeve 16 and connecting ‘body 15. - ‘The

fluid leav Msls) | ar assagevay . an flows1ntothe..
tip passage yd}‘%% dgsgﬁgﬁglﬂngggérj%unft %gl}dl SC arge i i C Bht F t he .

wor kpi ece surf pr ovi qbng cooé?é:ng and. cl eaning or other desired effects
dependi ng ufSH ﬁgcce,har 8 g ] Fé&aahagm kpPeEB-operated . -

on. It is clear fromthe invention that the nature of the device activating
the tool |ofgMudarRaPr§lys ndt &1PWni ofti enolingfirrigating bEluid
el ectronically activated by neans of electro-nmagnetostrictive elenents

as di scussedlowspi eixrcel eche i changipiate ochaimber H‘Eﬁm;amliﬁbUd'ﬁTﬂa air or
wat er activation. Wile the preferred enbodi ment ~of the invention focuses

upon use of mhBRet88triéPive d8RAEK, %%rﬁhbor&e SHS8 3%a %aesaéh{'gg and 32

therefrom 1nto the annular ‘space between the sleeve 16
and- connectlng body 15.  The  fluid leaves. the
connecting body discharge passageway and flows into the
tip passageway 45, discharging - from ‘the disc":haz‘ge .. '
orifice 46 onto the ;f:orkpiece surfaces, providihé '
ccoling andﬂcleaning-or_other desired éffedts depenaing
~upon the eharacter of tl'1e.'f1u':.i_.'d applied and -werkpiece
operated on. |

It is clear fron the-inventibn that ‘the natﬁre of
the device activa'ting’ the tool longitudinally is not a
limitation;--'The tool may be electrenicallyuactivated
by means of - 'electro-magnetosﬁfiGtiVe' elements.-' as
ldiscussed‘ or piezo electric 'erye_tals-- o’r".other tneans,
inc'lud-ing air or water activation. _W'}.li-le ‘the "_'preferred
embodiment of the: _:i'nverit'i'on focuses ‘upon "uee - "o-f' the

tool for dental operations, such as cleaning: . and
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$caling, it is intended that the instrunent have broad use and application
wherever it is desirable to act on a workpiece surface wth a _

vibratory notion .wth simultaneously providing fluid to jéfi@dlsscihe tip
and wor kpMEt¥ Mt aces. The exact dinensions of the tip éﬁe detern?ned'by
the operation, for which the tip is enployed. A typical tip shank di aneter

s 0.065 inches.(1.65 mm for certain dental appljication, such that the tip
end can be taperkingo it digndpEendedl Fhahobhh EESF??m?ﬂ?ohﬁg?rBﬁPé evi ces
~and areas between teeth. The exact |ocation of the discharge orifice of
the fluid i s de¢eandinagpbjcabign felkexever il ikl Agsirrbie ckRency on
operation as well as the transducer -enpl oyed. The nature of the fluid -
delivered to ghewypkie@se swrfiepRenedth upon vibeatpeyat monivn beipbrforned -
on or at the workpiece. In a dental cleaning environnment, water is a -

useful fluid for,£00ld Ak BN prSPRIRy HLAPIES  irt gl 1oEnd!SeEpi bngRy be
preferred to_enﬁ?oy Eléghl njisolutlon,.sterlle water or a solution
containing sofe. 281 &5t CuIRILEE™ M 8elLEVRiReRBILE Y A PREg 33
.are-aetermiﬁed by the oPe?ation for which the tip is
'empléyed. A_typiéai tip shank diameter is 0.065 inches
(1.65 mm) for certain dentai épplication, such that the
tip end_éan be tapered to a diameﬁer small enough to
 fit into narrow crevices and aréas between teeth. The
exéct location of the discharge orifice of thelfluid is |
determihed by'many factors, including the fréquency of
: operation-as welliés the transducer employed. |
The natufe of the'fluid delivered té the workpiece
is dependent upon the operation ﬁo be performed on or
at- the wofkpiéc‘:e.' ~In a dentél cleaning environme_nt,-
water -is :a' useful fluid for cooling and: removal of
debris. 1In other ﬁses it may be p:eferréd to employ a |
saline solution, sterile wateér or a‘solution-qontéining
" some 'selecgea =medicaméﬂt.lt0' achieve a particular

purpose.
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WD 96/ 00631 The nature of the passageway drilled within the tip is not
critical. Conventionally, it will be a straight, |inear bore. However, .
it is W;&ésli'e scope of the invention if a bore is curmegusesweddse essence _
of the |nvenP|on is to establish a discharge orifice that maxi m Zes the :
amount of material or metal remaining at or on the tip ad for flexural _
strengt while prqviding an ordfjice |location w{h.respect, . to .the tip

moti on where sprjﬁ%ﬁ i Qa%"ﬁ? mf’fe'dt?hel'hgafﬁﬁgﬁjﬁﬁybéitrfl(}rl r?éd "-"(')thré'lnrii tﬁ-%?e_ri al that
has sufficient strength under the longitudinal_ and flexural stresses to
which it istiubjiecteet crifpraarly, Canﬂﬁaﬁlgil?%%}gthlstt.aWﬁf%ssb%téa i s
utilized but the tip may be formed of [err] polynerics or other materials,
such-  as stoeidyht,filiechr hooleycaHowexey, it gsaptithéncshpgosicope or ot her
materials that have sufficient hardness. and elasticity to accombpdate the
motional stgesegs aAdeMEREn OLft HebeRer ald Qurvdd.i S Thé edstbatet bE tool tip

~of the invention is depicted in cross-section as cylindrical, tapering to a -

re[atively tqglinégﬁgggﬁﬂis éé;Lét&ﬁiisﬁngmﬁigehEPSeaBEi%ﬂce.that
maximizes the amount of material or metal rémaining_at .
"or on the tip :nd for flexural strengt: while providing
an. orifice laaatién with respect tc the tip motion
where s'prétly.is minimized. — o o - . I 1

. The tip may be formed of .any'. materié,l .t_ha_t_ ‘has
sufficientfstrehgth under the 1ongi£udinalrand flexurai
stresses to- which it'ié-subjected,, Typicallyr a high
strength stainless steel is utilized but the tip may be
forﬁed of - eng . neered polymerics of iotﬁer  materials,
zuch as carbdn-filled': _polycarbonéte, _ _gréphite
compbsites or other materials  that:,have sufficient
hardness and elasticity to accommodate the \t__r_lotion.al
.streéses'andfwear'of.the operation.. .
It is noted that-thé‘tool tip of the'inveption is

depicted in cross-sectioﬁ as c&lindrical; tapering to a

~relat =ly small diameter. It is well known in the art-
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WO 96/ 00631 that tools may have other configurations and cross- sections
and such tools are within the scope of the invention. - \Whether the

resulting, é?‘%}’ -3ti p is rectangular, irregular.shaped orpepuBesuisse shape
i'n cross- o8 %3%r i ncl udes sone configuration other than a tapered point

at the working tip, it is preferred that the discharge exit be |ocated from

the term nal 0t JAS _;+&aqla]% j SstiePetene i bligat L Sxair @ndnodeosber e

there is theé  Towest ura notion and "the orifice exit is |east
likely to cause fracture.stresses in the tip.,:The, nv L on S | so be
located di st aRtCH Y haPofe 'o%%%f%gﬁ rmt'lhc}%;- ?tsﬂég;rgg%’ggt %i%ﬂétend to
create excessive sprays. Such a loop is tygiial ly 7-9 gmfr,omthe tip
end, for thisipyertedond enbdWeRSE ofthei sTERYEMRDN. PR pdr cutdr
characteristics of the shape of the tip, that is, bending radii, |ength of

bent arc,. | engédtaigult,i ohrbegwlak t Bbapedd ont | pomeipethand shapearaier | al
fromwhich the tip is fashioned, all contribute to the performance

characteri stigsogd-ddietidP d frlceiidle® sohie dnFiiguratioheother grarrally,

and of the Figure 4 tip 35
a tapered point at the working tip, it is preferred

that-the.dischaige exit_be_located from the terminal
end of the tip at or just before the flexural ' node
Qhere thére is the ldwest._flexural_ motion and the
orifice exit is least’likély.#q cause fracture stresses
in the tip. The invention must also be located disga@t
from harmonic loops where motion is greatest wﬁich tend
tb.create excessivé sprays. Such a loop is typiqal}y
7-9 mm from.the ﬁip end, for ﬁhis preferréd embodiment_
of this invention.

The pafticular_characteristics of the shape of the
tip, that'ié, bending radii( length'of beht:arc, length
_Qf section beyond the bend,_tip taper and thé matérial
.from which the tip is fashioned, all éoqtribute to the
performance charactéristics_of the tip_in flexure. The.'

design of the tip, . generally, and of the Figure 4 tip
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WO 96/ 00631 in particular, utilizes the factors described above to provi de
a gain or anplification of the |ongitudinal vibrational notion produced by

t he inse romtwo to five fold. The tlp of the invegty gg*sbe
pr oducedwl?y%&tmns&nber of mlling techniques. A preferred rret’ﬁ%g I T st

requires that the tip body is forned of cylindrical rod drawn to a di aneter
that is sli ht.l. Iar rthan hefrn dtr di amret e he sel ect ed
‘materi al is éy §rCO|“rt& F'ﬁﬁsré &t drﬁsé’llfli’éﬁsﬁ V& r%hgt h, hi gh
sheer strength, hi gh fatigue limt ood toughness and that can be bent :
machi ned an®revifier redgathe 9Bd ampll%lppgyont ®f stbst akengitydinals = final
-confrguratron bef ore shapi ng and bendi ng. The fluid passageway is forned
in the tipibbatyondy moedos podduaednbpbehe dhskeehniofudroamadwadi ng .
drilling and boring. Typically, after formng the passageway, the tip..
I s machi nedgqof ngdfopa bent- to its ~useful finished shape and -
configuration. preferred borrng met hod is by neans of electric di scharge

machi ni ng (EDM TRe P %fi)eSSft e I QﬁUEﬁél&pagnay be produced by a

number of milling technlquee. A preferred method first
requires that the tip ‘body is formed'of*CyiindriCal_rod
arawn to a diameter“thaﬁ is slightly 1é:ger than the
finished tip diameter. the‘s‘el'.ect'ed material - is one ,
that is cdrrbsioh resistant, of high teﬁsile serength,
high sheer Streﬁgth, high'fatigue limit,'goodftougﬁheSS
and that cen be'bent'machined-and/of-formed;"“THe rod
is milled to-'subetantially"its final COhfiggrétion
before.shabing'énd bending. The fluid passageway is
fofmed._in the .tip body by .means of a number §£
techhiques including drilling and'boring. -TTypicelly,
after forﬁing ‘the passageway, the tip is mechined,
formed 'of 'beht to ' its useful fieished 'shepe and
' configuration.
-\ preferrea boring.ﬁethod is by means of.eleetric

discharge machining' (EDM), a'process that insures that
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36 WO 96/ 00631 the passageway is angled to break out on a wall surface
of the tip rod on the convex side of the existing or intended bend,

pr ef er abl Bos31 nm fromthe end of the tip. | n EDM th@cwassmway of a
desired dlygir_}re?% I's formed by a DC current that generates rapid repetitive

spark di scharges through a filmof dielectric fluird fl ow ng between the

wor kpi ece and . Shaaedqalest E)sdgn%?gé o Ak Moy e Mool cad LM

manuf act ured by € pax VISIOI’] of Mtsui ~ Machine

Technol ogy, Inc. . of d endg ht 1] I d f
0035 ek (oS oy rhnodr om T Rea B 6 pHE IR RE S (o

invention. Alternatively, the gass vvay Is bored into the tip dy or
cyl i nder usi ngn&endedebendy pxe b i 1B dm of yoms tthe ecmiat"fcéﬁ‘eoe
of f set. The offset is adj usted for exanple, sufficient to produce an

angle of 1 tothpgh depd eEBM] r ehet bassagenajrloﬁ af &dseredp diseheteyl ilsder .
This is equivalent to an of fset. distance of 0.4 to 0.6 nm at the end

of the cylingited by PESCRARY &&@rgéﬂéeh@w #dpa ol fqRit frivest ock  of

spark discharges through a film of dlelgctrlc "fluid |
flowing bétweeﬁ the workpiece and a shaped electrode
tool. | An EDM. system Modei No. SP-lM, manufactured by
Japa# EDM Products, Division of Mitsui - Machine
Technology, Inc. 'of_ Glendale Heights,' illinpis, wés
employed to form 0.022 inch (0.56 mm) diameter fluid
péssageway‘s for the tip of the invention.

Alternatively, 'th'ég.passagewa_y is bored into -'the
~ tip body or cylindef using a lathe that is equipped
with a tail stock that can :be offset. The offset is
adjusted, for examble, sufficiezx-'xt. to produce 'ah aﬁgle
of 1 to 1..6 degrees from thel centerline of the tip bédy
_ cylinder. | This is equivalént ,té an offse; d'ist'ance of
0.4. to 0.6 mm at the end of the cylinder.  The
passageway 'ié drilled and the off_set tailstqck of_ the

~lathe is returned to its centering position, aligned
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lathe is returned to its centering position, aligned 37 WO 96/ 00631
with the live or driven center of the lathe. The-bl'ank is then nmachi ned,
for exanmwomenbdd1Provi de tapering, to its final design di RAFHLSGs363 ThE
result will be a tip blank that has its internal fluid passageway centered
at the large end of the blank and exiting at a cylindrical wal | di spl aced

from but negschhensibeesd ghivle dker W¥ SN OaASR PP e APl ank that

is of uniformcross-section, tapering near the enc e tlp, wher e

G 189 i 158 BibgetS! RSP M 1 e

desi gn paraneter I's nee for oSt rén

-thls nmet hod, be ausE machi-ne I p |-ank has remai ned concentric to
its maxi nuntE€r EARR SFFéﬂPagFBﬁn?bﬁﬂ%d aTBﬂgreFPét wéhdi PadRN&LP axi s
during .draw ng. The resulting tip will have a fluid outlet |ocated 2 to

8 mmf rom t héankd thatt H@st |.pts 38nternal fluid pasSageway centered

- at the large end of the blank and exiting at ‘a -
cyl:.—ndrlcal_ wall displaced from but n_ea;:'. the small end
oflthe ‘tip. This proce.ss produces a blank that. is e_f
uniform cross-section, tapering near the_ end of - the
t_ip,' where v'ibrationaI: stresses_-,ar_e- greatest and ,
maximum mate:tial wi’thi-n the design '. parameter is needed
for _'strenéth. -Maximum.' strength -:is. achieved by this
" method because. the machine tip blank. has . remained
concentric to its maximum s-tfength. orientation forrhed_
'along__. i_ts longitudinal axis _.during drawing. The
resulting tip will heve -a fluid outlet located 2 to 8

~mm from the end of the tip;-
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CLAIMS 1. A transducer activated tool for contacting workpiece surfaces

and directing a fluid adj acent j f conprising: an activated"
tip having distal surfaces shadmlﬂﬁ" !mHl m’y d wor kpi eﬁﬁcﬁﬂgsﬁg 3 and a
fluid pasW8¢31i nternal to tip-ferned gener y along the lTongitudinal =~

center axis of the tip but offset such that a fluid discha orifice 1s
formed displaced fromsaid distal tip axis; an activating {THISBHEEF HAS BEEN"
connecting baIly THEIAEAIME) said tip to an activating transducer ;REPLACED
fluid source connecting to said tip fluid passageway and pFrovidimg—=ft+tow
of fluid dischargimg foremsdacdrt i mdtinviategasstgebay fifirschgrgbaoktifgce, said
passageway being fornmed by el ectric discharge nachining said passageway in
a cylindrical ong1 hegi Barpacdd bR CPiating Sa Oftlanderiiploda deood and
continuing at an ‘angl'e of |ess than about 3 degrees fromthe center axis of
said rod such_t hat_t assage forns a discharge‘orifice 2-8 mmfromthe
opposite di st3f* rﬂ‘%ﬁa%ﬁ'dcgg\éexﬁ}mé' The tool of claim1 wherein said tip
fluid passageway is angularly offset fromthe tjp_lopgitudipal cepter axis
such that said fl @ aFstTRER BiF fRRELRS %bﬁ%jd Fﬁrgg‘F%ﬁ e?ﬁ?%%r?&ce of
said tip. 3. The tool of claim2 wherein said fluid passageway is

angul arly of fset feomtadte cemidr wodkpigca hesurfadss | eardt han &bbid 3
degrees. 4. The tool of claim2 wherein said fluid passageway is

angul arly of fset fposmddeizenigtéimel otot baid iy Eesmedhgenebally?
degrees, such that the passageway orifice exits about 2-8 nmfromthe

‘distal end of Saidaiéﬁb the_longitudinal center axis of the tip but

offset such that 'a fluid discharge orifice is
formed displacéd'from said distal tip axis;

an | activating transducer co_nnect’ing body
cannecting said tip to an activating transducer;
and |

a fluid source 'thnecting to said'ﬁtip. fluid
péssageway -éﬁd' providing a fléw of fluid
discharging frqm said tip flﬁid passageway

discharge orifice.

2. The tool of claim 1 wherein said tip fluid

passageway is  angularly offset from the tip

i




39 5. The tool of V\/nereln said fluid [pEHBRHERYH §V\,E
with respect to said ti w ﬂ””ul The togl of REpIADEH
sai d f| uwe 9pmes3ageway iSx pect to sai

The tool of claim1l wherein sald f1did* di scharge orifice is positioned such
that said orifice has a center axis that is about 0.01 to about 8 mm from

the distal ead;0tudfhshtédntdr axidhGudwolnaf &Af%fﬁo; Medféé}taﬁrgd dfluid

di schar ge orifice center axis that is about from i stal end
of said tip The of ¢ 1 wher In sapLd activating transducer
activates sglrgf-f'fe € E%Iﬁ%: tﬂtrgs?oryr?rgl 15}15 o o g ﬁatrfsp 10.  The tool
of claim 1 V\/nerei n said activating transducer is a piczo crystal. 11. -

" The tool of claim.1 wherein said discharge fluid is saline, water or a-

sol ution conprising a medi cament. 12. The tool of claim 1 wherein said .
tip.is conndetedThe Sapd ednmeldimgl bwbigréint baddd€luddesti gotargeol dering, |
"brazing or welding. 13. The tool of claim1 wherein said distal tip

~ surfaces arershp@ed ifs0r p69Dt 86kédY SiRM akhat!r fRGRS. oi-iflceﬂ}f‘acﬁ ogl of claim
1 wherein said tip is forned of stainless steel, carbon fil '

POl Y car bOnaténlr 2RI Lﬁagoagoabbstn%t%r Tor Hour, & ! f2on°t pglaim 1

mhereln said tip s a uni versal nt ‘use

distal end of said tip.

4. The tool of claim 3 wherein said fluid discharge | ’
orifice center axis that is about 5.5-6.5 mm from the

distal end of said tip.

5. The tool of claim 2 whéféin said fluid passageway
_is angularly.offset from the center axis of th= tip'by

less than about 3 degrees.

6. The tool of claim 2 wherein gai@sfluidjpassageway
is angularly offset from the centerline of the tip'by
lesé than about 2_ degrees, éuch thgt the passageway
~ orifice exits about 2-8 mm from the_diétai'end_éf_said

tip.

-_
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di st al port| ‘on bendi ng frW&xi s through an arc of about

[err] 40 degrees. 16 e tool i 1 wherein said tip shape

CONpri ses wodeAe63N0I € ben orifice exits on tPoanises083e3 of the

bendi ng radii adjacent th '”/ﬁ,"z idtip. 17.° The tool of claim
uI trasbnlrca s

1 wherein said transducer ctivates said tfyRr Q9o PAS BEEN
substantial flexural notion normal to. t he tip longitudinaj cen@&p axi s
and said fluid ori-fice is located near a flexural node of Lip h —not-
adj acent a fl exur al.Qr gi I ! 0, f.claim.
1, said tool tefl(p hg\?%ngo%ﬂcéféd#l% regc J%Igré%lrdl?fr%%l%rgr cré()es“%-
section. t ool claim 18 said tjp.fluid dlscharge orifice

| ocat ed on a déh &9§a§uwFEBer%f??ﬁ?1%%6ﬁFd%tﬁﬁlFF8ﬁ?Fh%xfﬁol di stal end.
20. The tool of claim1l wherein said tip fluid passageway orifice is

eccentrically offset fromsaid-tip axis, wherein theé passageway is
substantially parallel to the center axis of the tip but displaced from
said axis by @.1 tThe Todh ofl.claithe. twitdreiin cdaiidn 2l epgssncgeriay ti p
distal end is shaped to contact workpiece surfaces and said fluid discharge
orifice i 5 ! OQL%t etdrouanwib tréé’%gcv{ led &alidPied PeéeHEQP sfig. workpiece

surf aces. An insert trasonically activated tool of a

general |y aX|aIIy el ongated cylindrical structure conpri sing a handpi ece
including a coil for generating an el ectromagnetic field, said insert being

V|brated at hlgh frequency_in Iongltudlnal ) .
. The tool of  ¢claim 1 wherein said activating

transducer activates said tip by sonic, ultrasonic,

fluid or air means.

10. The tool -of claim 1 wherein said activating

transducer is a piezo crystal.

'11. The tool of claim 1 wherein said diséharge'fluid

is saline, water or a solution comprising a medicament.

12. The tool of claim 1 wherein said tip is connected
_7to said connecting body by threads, press fit,

soldering, brazing or welding.

T
T

————
—
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notion in response to-said coil, said insert conp Tgﬁ%§$Eﬁrﬁﬁgﬂﬁiﬁktrictive

el ement; a connecting bo tting paid quen 41
- notion fwoeegasa ultraso mllwnm Illlﬂm[nve el enent ; ancb(armsslsmsml ally
attached to said connecting that receives said | ongitudinal notion,
having distal surfaces shaped to contact a wor kpi ece, said tip conprising,

a fluid passagewaye i BLSINabet it i PwhbRERRd g808T ahl ¥4 ong d he
| ongi tudi nal center axi's of said tip but offset fromsaid axis such that a

di scharge or, 'uE:ES egogggdsvég&% fjnll rh:% g g&g gﬁﬁg? rgﬁqégé distal tip end
center axis, sal assage orne ectric-drsc arge machi ning.
sai d passageway in a cylindrical rod beglnnlng at the center axis of an
end of said rod and continuing at  an angle of l'ess than about 3 degrees
fromthe center axis of said rod such that the passageway forms a di scharge
orifice 2-8lAm f Fbem thelopfosieém ai sheirednd sefids&ilp red f@ded ofhe insert
of claim 22 wherein said passageway is angularly of fset from said tip axis
by | ess thastahalesd desierds. 24arbordhe fiilderd Opolysarbasatder & said tip
passageway orifice exits within a range of about 2-8 mmfromthe distal end
of said tip T, ??fg aiim.22 wherein said workpi ece conprises
dental-surfggéghlig Egm%‘ |%u§§h§&gf ¢laim 25 mhereln said tip shape. -
conforns to said dental surfaces, _

15. The - 0l of claim 1 wherein said tip shape is for
a universal dental use having.é distal portion bending '|
from its centerline axis through an arc of about 60-70

degrees.

16. The tool of claim 1 wherein' said tip shape
comprises one or more bends wherein said orifice exits
on the inside of thé bending radi. adjacent the distal

end of said tip.

17. The tool of claim 1 wherein said transducer
- ultrasonically = activates said tip producing a
substantial flexural wmotion normal to the tip

longitudinal centerline axis and'éaid fluid orifice is
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conprising a radius bend at tip such that said fluid orif{d&IS SHEET tig BEEY
concave portion of said bendﬂﬁmuﬁm i | ow adj acent to|sai d REPLACED

wor kpi ece. wWaY96/0063ihe i nsert Of,"CR Iwm n a fluid paspenj@ .
eccentrically offset fromsaid tip &xi, ef ei n sai'd passageway is forned
substantially parallel to the center axis of the tip but displaced
therefrom 28.locdteli nraixt af €lakar2l whemiei fSaitthepasipgebay isot

di spl aced fromsaid axis by about 42 0.1 to 0. 5 mMm 29. The insert
of claim 27 whegpidedtha Hi1ssheadeop! 1bhgLruditdBnRbps kelrbBat the fluid
flow ng therefromforns a desired pattern for contacting dental surfaces
contacted by said tip. 30. A nmet hod of cl eaning a workpiece, conpri sing:
contacting said workpi ece with a transducer activated tool tip; and =~
directing a fluid adjacent _.to sai d workpi ece, ,said tool ,conprising, an
activated tip Havi ntPi SO s8ff LRI hdpedStédcorfAdet W& dNABIRGi ke and
having a fluid passageway internal to said tip generally along the

| ongi tudi nal ceatarlaaxi segtangularpobuirvddeiar aindsst-sectionl ui d di scharge
orifice is formed displaced fromdistal tip axis a.connecting body
connecting said tip to an activating transducer and a fluid source
connecting to said tip fluid passageway for .providing the flow of fluid

di scharging frognsapyl tiR~§! W g y i§i Ne) BORYBY: bei ng
formed by el ecﬁql catl schg?%elafd BEREROTWY Sdid . EQP WPz : ©

orifice located on a concave surface within about 6 mm

from the tool distal epd.'

'20; -Anfinsért for an ultrasonically activated tool of
a generally axially elongated cylindrical structure
comprising a handpiece including a coil for dgenerating
an electromagnetic field, said.insert being vibrated at
- high frequency in .longitudinal motion in respcnée to'_
said éoil, said insert compfising:" |
- magnetostrictife element;
a cpnnecting'body, axiaily_transmitting said high
freqﬁency mOEionﬂfrOQ'said ultrasonic magnetostrictive

element; and

This Sheet Has Beep,
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' | EEN
~-machining sai d passageway in a cyl I“ﬁﬁ“iﬂ\g r od, Bﬁlﬁnﬁmﬁgﬁgég e e

axis of an end of said
degr ees WPAHPRRE. center mﬂ“ﬂ m

at an

nter .

labout 3

such that the p@ﬁ&@éﬁﬁ?}ﬁf orns a

di scharge orifice 2-8 mm*rdém the" opp05|te distal end of said rod. 31.

‘met hod of naking a transducer activated .tool

tip for. contacting workpi ece.

surfaces and diracttigyg aax¥ialily aaljtaghad t oo sarddswohaeet ingommdysi ng,

shaping a tip hody to form distal

- surfaces;

tip, generally along the |ongitudinal

therefrom syghebbad aghipd dSchas@ud ifd C%dﬁalgaaed U3 ags!

distal tip center axi s, ‘sal passageway being forme

by electric

surfaces for contacting said workpiece
anHat OrrEcedves waiidl tiendDEdindll et PG SaBavaug Higaal to said.
center axis of the tip but offset 43
fromsaid
I schar ge

‘machi ni ng sai d gasag?emay inacylindrical rod, beginning at the center

axis of an &REPoT

d rod and contan|ng at’ an anhgl e of less than about 3

degrees fromthe center axis of said rod such that the passageway fornms a
di scharge orifice 2-82mhl4icn PRESBFBVRY « e, infie3nal chd Faihi ¢#iped. 32.

The met hod of claim 31 wherein shaping of said cylindrical

rod into a

desired shape foformed ageneraldykpedoegsuthacekommitdised neenterng and
. bendi ng such that said fluid orifice is on a concave surface thereof to

direct fluid adj age8t 0@l IO S dpUer WEIESEES frdm saﬂleaﬁéh%dcaf clai m'31

wherein fornming. sald tip fluid passageway, conprlses

that a discharge orifice formed in said tip is

- displaced from said distal tip end center axis.

21. The insert of . claim 20 wherein said passageway is

angulaﬁly-offset_frqm said tip axis by.less' than about

3 degfees.

22. The insert of claim 21 wher:in said tip passageway -

orifice exits within a range of about 2-8 mm from the

distal end of said tip.

23. The insert of claim 20 whereih-_said workpiece

comprises dental surfaces.

- This Sheet Has Beeh Reﬂlaced
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securing a cylindrical rod in a Tathe such that the tail end ole?egH:E?- g

opposite said rod distal surface the | ongitudina ;,J .
axis of thawédedsvesr and boring sa i‘Lgﬂ ““Hﬁmsm d passapéwesssiggiin ab
fluid discharge orifice 2-8 mmf st &l end of said tip. 44 24,
The insert of claim 23 wherein sai d tip shape conforms to said dental

sur f aces, COWI Si R9e? 5_ggé Q&nd géen%hez:’t [ PSP I 1 édfsatg fl g’eorl fice

is on the concave portlon sai d to direct Sht to

sai d wor kpi ece. f_cl wherein a ' way is
eccentrically @F’%ggf“sfr %%ﬂ‘% 8?Bt%\ i ?ur 15)8c) ncggpﬁlﬁéggaﬁevﬁu§ f or med
substantially par allel to the center axis of the tip but displaced
therefrom 26Yenthat mde ttigr such hbet Weddeifdwid @riddsagdwayn $he spl aced
fromsaid axis by about 0.1 to 0.5 nm .27. The insert. of -claim 25 _
wherein the abineakver gpoptidm ceofi s salidpeoeisdicita hdtirehe f£laild f [flwiwng
therefromforns a desired pattern for contacting dental surfaces contacted

by said tip. 2@jater®t BodsaiaCheaghited Workpi ece, conpri sing:

25. The insert of claim 20 wherein a fluid passageway
" is eccentrically offset from said tip axis, wherein
said passageway is formed substantially parallel to the

center axis of thé tip but displaced thérefrém-.

26. The insert of claim 25 wherein said paSSageway'is

displaéed from said axis by about 0.1 to 0.5 mm.

27. The insert of claim 25 wherein thé'fdischarge
orifice is shaped Such that the fluid flowing therefrom
forms a désired pattern er.contacting dental . surfaces

contacted by said tip.

28. A method of cleaning a workpiece, comprising:
contacting said WOrkpiece with a transducer

activated tool tip; and

45
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_conpri si W emeeHct i vat e
wor kpi ece and having a

_?_alntsaguzg_gl]_ Higi gEE\&oé@Tmnsducer :I@ﬁ §H 4 oqEEINi
r j acent t¢ -
AT i

p; and 45.l

aid too

al surfaces shapepcrusIsesisact said
ur 8 passhgeway internal to said tip generally

al ong the longitudinal center axis of the tip but offset such that a fluid:

di schar ge orificaii;.»é,cfc%g? _égﬁmhassﬁlaééweé%éidtwr Jeed GWECtiNg
I p 0]

body connecting said _ an activating transducer  an a
fluid source c ct] Q:saj d Lip_flui ssage f.or providing the
flow of fluid di gg’%gr g‘%%gm#l%&% ai'%‘l‘tia}:‘;‘ltﬁ'lk%itgapas a\é\g%%’&ngri‘#’tscté 29. A,

met hod of meking a transducer activated tool tip, for contacting workpiece
surfaces and dir SUEEARGES f PRARESG R e FOTEGCEa) B2idr f WREPLIRGAANS ng, |
shaping a tip body to form distal surfaces for contacting said wo
surfaces; and fohaviaggi ra sdluidi paaspgevaly uinteuahgemysaid tip

generally along the longitudinal center axis. of
the tip but offset such that a fluid discharge
orifice is formed displaced_from distal tip axis a

connecting body connéctiﬁg said tip to an

~activating transducer and a fluid source .

providing the flow of fluid discharging from said

tip fluid passageway orifice.

. 29. A method of making a transducer activated tool tip

for contacting workpiece surfaces and directing a fluid

adjacent to said surfaces, comprising, -

shaping a tip body to -form.-distal-hsﬁrfaces; for
contacting said'workpiece surfaces; and

forming in said tip body a fluid passageway

internal to 'séid.  tip,' generaliy aiong the

longitudinal center axis of the tip but offset

-_
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' connecting to said tip --fluid passagewéy. for .



internal to said tip, general |y Cal ong the | ongitudinal

the tip but offset = theref rﬂ uid di scharge nfﬁ’ﬁ g@Eﬁ\HAS BEEN
fprmed di gl acemg fromsaid di mmjmnmnﬁmgllium s. .30. % :
29 wherein ?‘? of said flutd pagsageway eonpri ses el ect i ; rge ]
machi ni ng sai d passageway in a cylindrical rod, beginning at the center
axis of an end of said rod and Continuin at, an_angl e of less thap about 3
degrees from the cERREFEZEN SSuFh SERYE r 8d Tdhydd tqﬁaﬁ"qﬁ’r’é’ep LHgSRyiforns a
di scharge orifice 2-8 mmfromthe opposite, distal end of said rod 31. The
met hod of claim 3ofwmcbudispﬂapedgfu@msaaud YA strdr itdal cepernasiag. desired
shape for contacting wor kpi ece surfaces conprises machi ni ng and bendi ng
such that said fluid orifice is on a concave surface thereof to direct
fluid adjacent or onto said workpieces. 32. The nethod of claim 29 wherein

formng said id)P fepd dm@éﬁéég‘%}EaYcl§ﬂﬁmb'95%efb7m forming of said

fluid passageway compr.lses electric dlscharge machining
said passage'way”in a cylir;dfio’:_:al rod,. laeginning at the
center axis of an end of.said.rod and continuing at an
angle of less than about 3 degrees from the center axis
of'said rod such that the paasageway forms a diséharge
orifice 2-8 mm from the opposite, distal end of said

rod.

31. The Imethod of claim 30 wherein shaping of said
cylindrical rod into a desired shape for contacting
wcrkpieée surfaces compfises machining'ana bénding such
that said fluid orifice is on a COncave.sﬁrface thefeof

to direct fluid adjacent or onto said workpieces.

32. The method of claim 29 wherein forming said'tip
fluid passageway, comprises:
_—
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securing a cylindrical rod in a lathe such that the {tEHIS SHIETAHHASBEENjod -
~opposite said rod dist ' fset fromthg | ongRERPOAGED centler
axi s of the |athe; andgmmmﬂmﬁmﬂlim%ch t hat - sai't—passageway—forme a
fluid diYOREPY3 orificey2 8 nintwom the distal end of saiPETmsﬁ’Ka@@. - The
tool of <claim 1 wherein said tip fluid passageway orifice is
~eccentrically offset fromsaid tip axis, wherein the passageway is
‘substantial | y p&@esréngt @ t a¥l dedfkgalaxredofint e lapheutsudthsptlated from
said axis by 0.1 to 0.5 nm 34. The tool of claim33 wherein said tip
distal end is shheedaid econl adt seoirdpret eoppoditee sat wad ddfdeid di scharge
orifice is located such that said fluid inpinges upon said workpiece
surfaces. 35 subfEBEROG Hf GFBEERD frdnl 2PREUARMAELYARE] Led i P fOr
contacting workpi ece surfaces and directing a fludid adjacent to said
surfaces, conpr% Eggbffpﬁgif?tﬁg,§$%9 tip body a fluid passageway internal
to said tip, generally arong e _ o

o boring said rod such that said paésagewa? forms a .
fluid discharge orifice 2-8 mm from the distal end

of said tip.

33. The ‘tool - of 'c"la-i_m 1 wherein  said tip fluid. .
passageway orifice ‘is eccentrically offset frbﬁ said |
_tip a.xis, .therein the passageway is substantially
parallel to_the center axis of the tip.bﬁt displaced

from said axis by 0.1 to 0.5 mm.

34. The tool of claim 33 whérein said tip distal end
is éhaped'to contact workpiece surfaces and said fluid
discharge orifice is located such ' that said fluid

impinges upon said workpiece surfaces.
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I"ongi t udi nal center axis of the ti p but offseét therefrom such| THISt SKEET WAS BEEN

di scharge orifice is forned iddistal tip cegnter. gg
wherei n f QyElogehedi sai d fl ui mlﬂlMHﬂEmuﬁmmrl ses electrig 3 PEACED
machi ning. .This Sheet Has Beert Répl 'aced _

35. A method of_making a transducer activated tool tip

for contaéting wofkpiecé surfaces.and directing a fiﬁid

.adjacent to s%id'éurfacgs, comprising:
forming in' said tip body a fluid passageway
internal to said tip, generally along the
longitudinal center axis of the tip but offset
thefefrom sucﬁ'thaf_a.fluid discharge orifice'ié
formed displéged from said distal tip center axis,
.wherein forming of said fiuid passageway comprises

electric discharge machining.
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