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The present invention relates to vibrational elenents. Mire particularly,
the 5 prweaat7izgvention relates to nounting systens for &CouUsv2/e08he©r ns.
BACKGROUND OF THE | NVENTION I n acoustic wel ding, such as ultrasonic

wel ding, two parts to be joined (typically thernoplastic parts) are placed

directly below a vibrati gigtng FORNVIBRAOREEEMENTSO Ul trasonic horn. In
pl unge wel di ng, the horn plunges (travels towards the parts) and transmts

vibrations into the top part. Typically these vibrations are ultrasonic.
The wvibrations travel through t’f‘%CIIﬂQRj&@ trrp the interface of the two
parts. At that interface, the ratlona energy is converted to heat due
to internol ecul arhefprésentiimventidratelaes e wibeational fslamelsfStMeretpwwphtrlv,sthe When t he

vibrations Stop il n%oﬁ‘f"cf BAL I ouRfihd %Ft{eﬁ/ls %'o'}%%usﬁc 15 producing a weld

at the 10|n ng R e R rasoni |ng is typically used for
sealing fabrics, filns, and other parts. In contlnuous wel di ng, the

ultrasonic horn is typical is noved beneath it.
Scan welding is a type of %ﬁ?ﬁ%@éﬁ@%ﬁﬂﬂ@%ﬁﬁh the part noves. The
plastic part is IsesnRgswbidmgadubh eNElirfonitBeRling, &l ParaItY b&iHRE (tybidally20

transverse wel ding, the part atlon ry while the horn m)ves over it.
The horn jst SW%@S%??‘E%I arg dﬁ‘i‘ceilré{i@ belpyy a gybypimal elsmgnt fyisallyi ani um  or

sintergd stgghsohRatord.r @’f‘%fuﬁ%esw%llaﬁlg”ﬁﬁh@ﬂi giah e‘é'(@ﬁ@ls%&(/aﬂg%é}ﬂarﬁspaﬂcfw part.
Horn di spl acenent or a ude i s the % peak novenent of  the horn

face. The rmrismltéfwbrﬁ@nﬁ 6@ thsutop 2ATH! |Try91@aellyt @ieqeh\ébnqmnﬁ arqpltresaaiep| Theude i s

termed gaing,Gahi tka%el%glfoﬂgltﬁhﬁ?éb S]?d](cl:’tttlgglrgbslnt% &ner %eﬁgv?tpti?s ﬁat%teltfeﬂ:@ horn at

the vibration 1 npu orns
di rection othe azrhndtnohaldaaexg’y it mwwwlddo hept due foanternadledulee fitimion thas mets aci dent

horn, 11 ke BT RorHE Pl 8T LR SPSae Brsdtce el RedUriEh AP ChFoquency,
and anpl it uple_duc]'dgea Well at e [odiifg sunfateides a shaft with input and output ends,
30 and = veld nq_per LA SnuTRunL oo 60, ot cpnlel DN BUR, o The
the shaft. Jihe pgs. d'Irﬂ%d@ﬁﬁéds%ldlﬁ?&h@ul@rﬁidn[&q{dr& &l tyBAIe diRfRarh Ml Ak a
di ameter that expands and contracts wth
part is moved beneath it. Scan welding is a type of continuous welding in which the
part moves. The plastic part is scanned beneath one or more stationary horns. In
20 transverse welding, the part is stationary while the horn moves over it.
The horn is an acoustical tool made of, for example, aluminum, titanium, or
sintered steel that transfers the mechanical vibratory energy to the part. Horn
displacement or amplitude is the peak-to-peak movement of the horn face. The ratio of
horn output amplitude to the horn input amplitude is termed gain. Gain is a function of
25 the ratio of the mass of the horn at the vibration input and output sections. Generally,
in horns, the direction of amplitude at the welding surface of the horn is coincident with
the direction of the applied mechanical vibrations.
A rotary acoustic horn, like all horns, imparts energy at a selected wavelength,
frequency, and amplitude. The rotary horn includes a shaft with input and output ends,
30 and a welding portion mounted on and coaxial with the output end. The diameter of the
welding portion is typically greater than the diameter of the shaft. The welding portion

has a cylindrical weld face having a diameter that expands and contracts with the

application of vibration energy. Typically, a rotary horn is cylindrical and rotates about



application of vibration energy. Typically, a rotary horn is cylindrical
and rotates about 1 WO 03/070387 PCT/ US02/ 40896 a |ongitudinal axis. The
i nput vi bwetmom3ss in the axial direction and the output WPCHSN2/@89% iS in
the radial direction. The horn and anvil are close to each other, and the
anvil can rotate in the opposite direction of the horn. The part to be

bonded pass@Qnﬁﬁfd‘ﬁﬁﬁﬁklé hﬁ%ﬁn%L{%WbﬁrdiQﬁhﬁﬂlthééﬁJl aﬁ%oﬁgn&hk bIBA; Hghaci ty,

whi ch equal s the tangential Vvelocit cylindri cal aces
Mat chi ng t hie in ﬁmg@@hdaﬁctml d&lpthp@sandfantnh@rewbwscn toagrgh piher, amd/thle awn! gen t he

linear vel Ol%lgltteylﬁe e 851{38411%&‘]9% of 'tl% Hoﬂ{ eﬂ%ﬁﬁft%@?ﬂ%cgldga éﬂ%seé rﬂ‘émg r?‘gle&‘?t ween
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rigidly. ts req uire so | exi bl e el emre ts because the horn
Guttace i s MOVl s SriGHon frin® BB aregiongs Rathr By Bitom Py ogibend

ci rcunf er endlidlelwei@h@ut the horn, and are spaced-axially along the |ength

of the horn. 15 Anti-nodes are areas of nmaxi num displacenent of the horn or
boost er, attachilhgre Aisubtically et Bgdody of Hauting cast PBW@Onéfr hgn, grodely

non- nogal 'rﬁ&ﬁﬁlhg BRd ﬁ&ﬂﬁﬂdﬁﬁﬁoﬁdﬁ*ﬁ mMAWHde 1ste§po*§§mﬂ%§{h9 M8 that i §c9'n?6v‘ﬁ1gt he
vibration fromthe horn. U S. Pa ent No i 740 di scl oses a non- nodal

rotary hor ninmoent mowtditsptians.e ¥ithen wagl oy thel hoeti captbe zhglnhqr @rﬁameeldigidiyt he
junction b eﬁ%\@ﬁ&ial g%uﬂ??ezlhﬁé tscﬂ{-'éjﬂ&}@e Q%ﬁ{%ﬂts.b%p u% f’%' rn S 1§ b orne
e rotating tube

because the Si gn uses o isolate orce the
beari ngs. Alvibogtingh Theimdekesi gior twiadllap:hera@inohmfedaﬁamnmmuhe hemp:malt e at the

frequency of the a s an ultrasonic el enent. Another type
of nodal ﬁﬁﬁﬂ?wﬁ??W1%€£m§ﬂ§§P§£% %g]b%Pscrems posi tioned radially around
the nade. To posAsti-fides irB@rerﬁax@bﬁlﬁtdlsbheenﬁBhtﬂﬁthé héin SEbGBIE Waachiiy t hr eaded

t hrough the nodal nount and 25 contact the surface of the, horn. Typlcally
they ext end™PHIBS &Y dhess loggiionp of #f qiiies norspiedal lasatinms fequireighmmEBtassur e

the nount WE%@H@&@&dhi§oﬁ@%h¥hﬂﬁﬂ&ﬁﬁﬁﬁﬂ%thp the horn. Wile the setscrew
type nmount can isolate vibrations fromthe vibrating elenent, the static

| oad, which can W& RagsaNoed IonT49 disséosprouman-ngdsl rofany hasg mognt, whichlysesi t y of

the a solid metal diaphragm located in the junction between the booster and the horn.

20 Static loads can be borne because the design uses a rotating tube to isolate this force
from the bearings. Also, in this design the diaphragm is designed to resonate at the
frequency of the horn. The diaphragm is an ultrasonic element. Another type of nodal
mount utilizes a series of setscrews positioned radially around the node. To position
the mount about the horn, the setscrews are threaded through the nodal mount and

25 contact the surface of the horn. Typically they extend into a groove or notch in the
surface of the horn to assure the mount maintains its position relative to the horn.
While the setscrew type mount can isolate vibrations from the vibrating element, the
static load, which can be imparted onto the mount, is limited to the ability of the
setscrews to withstand the force.

30

SUMMARY OF THE INVENTION
The invention is a mounting system for a vibrational element. The vibrational

element has a longitudinal axis, an outer surface and an axial displacement node. The



setscrews to withstand the force. 30 SUMMARY COF THE | NVENTI ON The i nvention
is a nmounting systemfor a vibrational elenent. The vibrational elenent
has a | oryyDtogavesa? axi s, an outer surface and an axi al di epramsenersté node.
The 2 WD 03/070387 PCT/ US02/ 40896 nounting systemincludes an isolation
menber which has an isolation surface, an isolating body, and an engagi ng

portion. Th@o&REBa%yRemPRELEGN KolIBP YRbYr SBHI 8L ant Bolbfish bgkation menber
and extends radially inward fromthe isolation body at a point radially

opposi t e t higolpidng bady orndsarngesing makone niheyeneagips pertion is immenveplyseaireo as to 5
engage the Quiefsomtidd AERLQ antl @Qteﬂdst}ﬁcﬁﬁllypﬂ%rdeﬂr&mti%cgﬁfb‘ﬂ' b%h¥ geea%p i ement s

of the wvibration elenent are substanti’ally decoupled from ation
sur f ace t hrigdighy rhposite fagésohgiop spifdcon. TIRRERSIMESCRIOPT AispoFed TddEasDRAW NGS 10

I'n thi 3 di S&:%Qgc‘e {h%’OLﬁié Ju?{a?e{:tgf Fﬂ{g)%i.fa%ﬁgl Selé?lfnenkhq{a{dmf%fa Laga'[x@nccse o.f !tllleUSt rated.

u i f
Thr oughout tHhe dramnnés reference nuneral s are 0 I ndicate
common f eatvibmion elemeunpo sebrtantially déveupled iftom. thEli@latibnissrfage theoptethd ¢ vi ew

of two inventive nqﬁnting assenblies secured to a vibratory horn. 15 FIG

2 il lustrat @S BNAVi ew of the apparatus of FIG 1. FIG 3 illustrates a

cross-sectional view of the vibratory apparatus as taken along line 3-3 of
FIG 2. FIG 4 is an r i iaent of the inventive
nounting system ZOEEﬁ%FEESFED§h§$Q§EJﬁgﬁpggagﬂgggnbodinent of the

i nventjove nmount iAghisyisdiesite, HifferenberhiSodanerd e\t inGdnibn MeeNis@hte@ne enbodi ment
of the inventive mounting system FIG 7 is an_isonetric view of one
enbodi ment H?ro'aﬁlowb%ilramg@l refprenqeyBstals Ase used imipdiseie sgmamgmfeatisesr| G g s
a Cross- secdrigRpbnevis@riRfdepae enbodi nent of an outer ring of the

FIG. 1 is an isometric view of two inventive mounting assemblies secured to a
vibratory horn.
15 FIG. 2 illustrates an end view of the apparatus of FIG. 1.
FIG. 3 illustrates a cross-sectional view of the vibratory apparatus as taken
along line 3-3 of FIG. 2.
FIG. 4 is an isometric view of one embodiment of the inventive mounting
system.
20 FIG. 5 is a side view of one embodiment of the inventive mounting system.
FIG. 6 is an elevational view of one embodiment of the inventive mounting
system.
FIG. 7 is an isometric view of one embodiment of an outer riﬁg of the inventive
mounting system.
25 FIG. 8 is a cross-sectional view of one embodiment of an outer ring of the
inventive mounting system as taken along line 8-8 of FIG. 7.
FIG. 9 is an isometric view of one embodiment of an inner ring of the inventive
mounting system.
FIG. 10 is a cross-sectional view of one embodiment of an inner ring of the
30 inventive mounting system as taken along line 10-10 of FIG 9.
FIG. 11 is a side view of one embodiment of an inner ring of the inventive

mounting system.



i nventive nmounting systemas taken along line 8-8 of FIG 7. FIG 9 is an
isonetric view of one enbodi nent of an inner ring of the inventive

nmount i ng WRIBEM38FI G 10 is a cross-sectional view of onePemtisdl/#mspé of an
inner ring of the 30 inventive nmounting system as taken along |ine 10-10
of FIG9. FIG 11 is a side view of one enbodi nent of an inner ring of the

I nventive nountwmg &y Meidedtifdd d}%/vﬁ%g@i%ﬁr%s REFHR08AR8RB odiMRhs8r t he

above-identified drawing figures set forth different enbodi nents of the
appar at us UBeepPraiftsiiged ipvhainyeton ofhee PmberiBenthera plso sonseraplaied. @ netedrpl at ed,

as noted i ddifsclisRiiigs bidBused idlibol SRR ReschiB iR INARLPRUES gr esent s the

i nvention by way of representatlon and not limtation.” It should be
under st ood repraseniatipiansieot mifations Thahdult ibe andessigodthat numbiods ptbeit s can be

devi sed by and spirit
of t hegprl nﬁ(%lgd:r gdtl%}Tﬁ Anﬁgg}bh@g}r?gt? 8%{ B%S@&F{EE%%%EW %ﬁggﬁ%l@g@gntl ve

nmount i ng syxsltlamhwcoplelau@spidtca”dhmheipﬁdfyhceinvﬂﬁoh.n FIG 1. The 10 inventive
nounting system 10 is a non-resonant nodal nount. The nounting system 10

is secured to a vibrational elenent 12. In one enbodi nent, the vibrational
element 12 is an ultrasoni ¢ DETAILBPORESCRIBTIDN her rmpl astic materi al

t oget her. Howev t he. mounting syst.e n be W t any ibrati onal
el ement where |ﬁth§n‘ifé‘EYer %P‘glngosyS%‘?}elég@ﬁF@w @Fneﬂﬁl glto h@ SvilbrH ons of
the vijpr at i igiakivemeimitg s¥sterh n@matﬁ@wewnmﬁ nd&al vt die bRt iykteMd oSy st em 10
to whatever, structure_ (typically sonme type of supporting structure)

engages t heS AgsUrRditng vayaiam dancntie 1 gleamiodimmens taihratignal Flﬁ@Plardés a

I ongi t udi nak @xiiBasblic Y BedtPHld BBRMoplRHd Glatctidl i@eﬁellfi Hofgvel gfeussed,
one enbodi nent of the vibrational elenent is an ultrasonic horn.

Ul trasoni c myystisgsysient A lchrebe wsed ivithaany oibaatidneleejeraent ywhete 26 depivablyy 1020
greater. Ad‘i’i!eéduf?@?grypfe\%’éfﬁ i %iBFati&?snf){ Har ﬁHaﬂB‘Ta‘Pfeletrﬁ'éﬁt \h B h It h%@gli?ge' ement

(or "horn") ustrates a |l arger di ng portion
smal | @5 nouhtougly thomiountin® Gystem  ithite hwhtabeyemptdttom g(tgyesdlg nso® iypesacured, it

shoul d be ol b 20 G0N OHLR ki 15X 6Pl Ty and should not. be

The vibrational element 12 includes a longitudinal axis 14, and a vibrational
outer surface 16. As discussed, one embodiment of the vibrational element is an
ultrasonic horn. Ultrasonic typically implies a vibrational frequency of 20 kHz or

20 greater. Additionally, while the configuration of the vibrational element (or “horn”) in
FIG. 1 illustrates a larger welding portion 18 and a smaller mounting portion 20 to
which the mounting system 10 is secured, it should be noted that this configuration is
exemplary and should not be construed as limiting.

While one embodiment of the invention utilizes two mounting systems 10, it

25 should be noted that a “cantilevered” type horn having only one mounting system 10,
or a horn utilizing more than two mounting systems 10 is also contemplated. A bearing
assembly (not shown) is typically secured to mounting system 10, allowing vibrational
element 12 to rotate about its longitudinal axis 14.

As illustrated in FIG. 2, mounting system 10 includes isolation member 30.

30 Isolation member 30 includes isolation body 31, isolation surface 32, inner surface 38
and engaging portion 34.

Engaging portion 34 extends radially inward from inner surface 38 of isolation

member 30. In one embodiment, engaging portion 34 includes a series of engaging



Wil e one enbodi nent of the invention utilizes two nounting systens 10, it
25 shoul d be noted that a "cantil evered" type horn having only one nounting
system 10wO oat07@8horn utilizing nore than two nounti ng sy®Censod®spe al so
contenpl ated. A bearing assenbly (not shown) is typically secured to
nmounting system 10, allowi ng vibrational element 12 to rotate about its

| ongi t udi n%erﬁ%@%ol‘ﬂabsf% 'Whﬂ@fs&%ﬁr@ﬂnfefbnﬂl d@posé@éﬁ'g&glﬁ\@m%ﬁﬁ%ér@% 3 i ncl udes
i sol ati on nmenber sol ati on nmenbe i ncludes isolation body 31,
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illustrated in FIG Axi al sho in. dotted. |ines ends
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in the axiajs gl pefk 'o@rﬁaa% m&rﬁemﬂmmm( amﬁlmdevmﬁ@tfa&ﬁ dirBettdd® o gmr §fibd on of
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anpl i tude iW\OrdhéheraeLchlabdedsthgcr@dldﬁntlﬁcdq n other words, the axial node is
the radial anti e de 40
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di sconnect ederfignom.t he i sol ati on surface 32 through isol ati on menber 30,
particularly

The vibrations from the vibrational element 12 in the radial direction are
disconnected from the isolation surface 32 through isolation member 30, particularly

20 through engaging portion 34. As mentioned previously, a bearing assembly (not
shown) is typically mounted to isolation surface 32 allow vibrational element 12 to
rotate about longitudinal axis 14. This bearing assembly, or any other connecting
member, is used to secure the isolation member 30 to a support structure (not shown).
Thus, the vibrations from vibrational element 12 are substantially “decoupled” or

25 “disconnected” from isolation surface 32, and are also decoupled from any support
structure by securing the isolation member 30 to the vibrational element 12 at axial
node 40 and by preventing the radial vibrations from reaching isolation surface 32
through isolation body 31. While these connecting members (e.g. bearing assemblies)
are not shown, a person skilled in the art would understand that these additional

30 elements could be included as part of inventive mounting system 10 without departing
from the spirit and scope of the invention.

“Decoupling” or “disconnecting” means that the vibrations themselves are

prevented from reaching the isolation surface 32 of isolation member 30 through



20 through engagi ng portion 34. As nentioned previously, a bearing assenbly
(not shown) is typically nounted to isolation surface 32 allow vi brati onal
el enent 1MOt06/070381 at e about | ongitudi nal axis 14. Thi s bea&cCirngozasmsesnbl y, or
any other connecting nenber, is used to secure the isolation nenber 30 to
a support structure (not shown). Thus, the vibrations from vibrational

el ement 12 @i Ul 14! drkagiflepOHBh 84 while AnimHiiCHEMRRLRCL: bRl

i solation surface 32, and are al so decoupled from any support structure by
securing t Heon stbé atibrafonse thaeris 3bissipgtedh 6.evilpsthtthrongh isslasion nmemberaBo.axi al
node 40 an Y ' J ' LAt i f2h0 j L.solation
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vibrations that is dissipated (i.e. |ost) thgai)yugh i sol ati on nenber 30.
Decoupl i ng ‘H?IWPWQéBChdtih%tdF(ﬁ@é’l‘?é’i*ﬁmQﬁ 19 dofsf bve gﬁop%geg@pc%p%t educes
vear qf dajRgand @re%feﬂgy@mijﬁ%ibﬁm BRIEREN2. ( $1intikesichd] BHROMABY Y hihl t O
isolation surface 32. 5 Additionally, mnim zing energy dissipation through
i sol ati on reygbef ragiinl stEiespsuch thatcansaieyrnl eyl doree g bopROISH tAHQUMESL i ng of

i sol ation M03R ot Al Ak pUitihionShd VigMiviPtRLiAOA! pREGIRNL 12 are
decoupl ed ;E?(E)E%ﬁt he }}oso%a.tclalgén sgr]‘ace 32 of ilsollati on r?errber 30 bg’

desi gni ng tdny relona sicquancie$ of molming systenmrd froeerat 3@sts1POHz fiem thesigsameiton nenber
10 does not. have. reso r j e 10 0 i uency of
vi brat i onalfreeqfl %“ﬁ%n‘ﬁs‘f@‘.%ﬂﬁ?&aﬁ?ﬁlﬁgpgstﬁ‘éﬁ?%"fgﬁ%vi % sleg({ |tgﬁ&luFﬁec\?%l ﬁgf radi al
stiffness suemtinpalstan EXuer salast ddD@IHA domeres@nant deqeptyi efl vibvativnaint i ng

system 10 wi t hout _affecgting. the perfornmance of .the vibratiopal di sconnect.
Pr ef er abl y, S5 Pes Mgﬁpn%}yed%ﬁt}?%§y%‘?ln H@uﬂrtefeff&?%%atwé eiso{hﬁ? ea%g'ft | east
500 Hz fromwehe-fivepenaitiof tepRaeeRgYiredlio MstifaatthOvidlatieiag BRMEN2, Most
preferably, any resonant frequencies of 15 npunting lggc} em 10 are at | east

. : ] .S
1000 Hz from r ed¥#APPRsaEQRRsaYredhe apmicaliqnati 4 high static Toad to the mounting
system 10. The high static load is used to press the material being welded (typically

20 polymeric) between vibrational outer surface 16 of vibrational element (exemplified by
larger welding portion 18) and an anvil (not shown) which typically is a non-vibrating
metallic mass. This is particularly true in adjustable gap type welding where a gap is
maintained between vibrational element 12 and anvil (not shown). As the thickness of
the material varies as it is being forced through this gap, a reactionary force can

25 develop which is directed transversely to longitudinal axis 14 of vibrational element 12.
Radial deflection of the previous mounting systems allowed the gap between the
vibrational element and the anvil to increase, reducing the force on the part and
affecting the weld quality. This occurred due to bending and/or compression of the
mounting system.

30 The inventive mounting system 10 overcomes these difficulties and provides
substantial decoupling of the vibrations, substantially low energy loss and the ability to
transfer a higher load between vibrational element 12 and support structure with little

variation in performance.



el ement 12. Additionally, nmounting system 10 preferably draws | ess than
about twenty-five percent of the power required to resonate the

vi br ati oD oglozosent 12. Many applications require the applpcratSopssed a hi gh
static load to the nmounting system 10. The high static load is used to
press the material being welded (typically 20 polyneric) between
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i sol ation suidag@g pdRionl@.g,n0.DRAlsehiot ﬁ@mamﬁhlﬂﬁle) sméra&s abialreitheion 39 has a
radi al stiffness of

i sol ation nﬁﬁ%@}iﬁq%lg§?%lill}ag%istéqoug{) gtfr)lgﬁ(lgglgg ell?er 38 at9 1solat10n sur'\tVaxce 32P(reef N 8%) 'y, the

mils peak to peak amplitude).

20 As mentioned, engaging members 36 preferably extend radially inward along
inner surface 38 of isolation member 30. Engaging members 36 are preferably
immovably mounted to isolation body 31. Most preferably, engaging members 36 are
integrally formed with isolation body 31. Immovably mounting engaging members 36
to isolation body 31 (e.g., by welding or by integrally forming them) eliminates any

25 movement of engaging members 36 with respect to isolation body 31, an event which
could occur in previous mounting systems (such as setscrew type mounting systems).
In the preferred embodiment, the engaging members 36 function so as to substantially
decouple the vibrations between the vibrational element 12 and the isolation body 31.
Preferably this decoupling occurs due to the engaging members 36 compressing and

30 expanding according to the movement of outer surface 16 of vibrational element 12.

An additional advantage of immovably mounted engaging members 36 is the
ability to interference fit isolation member 30 with vibrational element 12. Since

inventive mounting system 10 is able to withstand high radial forces due to the level of



approximately 4.7 x 108 NNm Most preferably, the isolation nenber 30 has a
m ni mum stiffness of approximately 1.36 x 109 NNm Thus, in contrast to
previ ous Wowawia3g7 systens, the inventive nounting system PCH/USODMISHES

radi al stiffness while decoupling the vibrations occurring at engagi ng
portion 34 fromthe isolation surface 32. The radial vibratory anplitude

occurs at i{3mdtest @ﬁaﬂ%ﬁ m&ﬁ&@93m9f0%§ th@Rd( By Fnterferde Nittifg %@%uﬁ% peak
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the | evel ofibrafionaD chanapy 038 okt Wedae 43981 betibmiedelosbotonosutiatvign nenber
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in FIG. 4, before interference fitting, in order to improve concentricity.

20 While engaging portion 34 of isolation member 30 is discussed and illustrated
as being separate engaging members 36 (i.e. six separate tabs), it should be understood
that other configurations may be used without departing from the spirit and scope of the
invention. For example, an engaging band 44 (shown in dotted lines) extending
circumferentially about inner surface 38 of mounting system could also be used as

25 engaging portion 34. In addition, while engaging portion 34 is discussed as being
interference fit with vibrational element 12, mounting system 10 may alternatively
include vibratory element 12 itself (e.g. by machining vibratory element 12 and
isolation member 10 from one piece of metal).

In one embodiment, a portion of isolating surface 32 extends radially outward

30 from isolation member 30 at a position radially opposite each engaging member 36,
forming mounting tabs 50. Mounting tabs 50 can be used to indicate the optimum
position for mounting of bearings (not shown). These optimum positions are the points

where the vibrational amplitude of isolation surface 32 is reduced to its lowest level



secure engagenent between the two nenbers and elim nates previous

m sal i gnment issues in prior nounting systens which caused wear between

t he engagwogsnemisiers. 10 The inventive nounting system 10PC3/Usorimra@bl y
used in conjunction with a rotational type vibratory element and utilizes
bearings nounted on the isolation surface 32 (discussed previously). Once
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20 inner ring 56. Inner diameter 66 of outer ring 54, illustrated in FIGs 5, 6, 7 and 8 is
slightly less than second outer diameter 62 of inner ring 56. Thus, lip 58 along with an
interference fit between outer and inner ring, 54 and 56, prevent inner ring 56 from
translating axially within outer ring 54. FIG. 7 and FIG. 8 illustrate one embodiment of
outer ring 54. Note that the embodiment illustrated in FIGS. 7 and 8 does not utilize

25 mounting tabs, as discussed and illustrated previously.

Utilizing multiple materials to form mounting system 10 has the advantage of
modifying the resonant frequencies of the mounting system 10. This can be useful
during design of the mounting system 10 to ensure the mounting system 10 has a
resonant frequency different than that of the vibratory element 12. Additionally,

30 composite materials can increase the ability to modify the geometry of the mounting
system 10.

The dimensions of the inventive mounting system can vary according to the size

of the vibratory element 12, as well as the frequency of the vibratory element. In the



to occur between nounting tabs 50, while not transferring this notion to
bearings at 5 isolation surface 32. As illustrated in FIG 5, engaging
menber s MW0aBM7wgUI di stantly spaced about inner surface ®8TafSor/smsbati on
menber 30. Each nmounting tab 50 extends outward along the same radial

di mrensi on as one respective engagi ng nenber 36. Mpunting system 10 can be

formed of a.qip@he HH8BiMRLUILSHRRIRIW 2 (:&nﬂlevclall}odvﬁﬂﬁﬁé Yinit@lenlehtist r at ed
in FIG 4. Alternatively, a conposite, rount i n g syStemutilizing two or
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of 20 |nner rin I nner dianeter 66 of outer ring 54, illustrated in
FIGs 5, 6, s slightly |l ess than second outer dianmeter 62 of inner

ring 5@ Thp§st]je|51 n58 along with an interference fit between outer and
inner ring, 54 ang 56, prevent inner ring 56 from translating. axially

wi t hi n out efhe firsgdesien measurementp geferrad todn el talles Brlow Biae fumBO 4IRS bt~ out er
ring 54. Nopeskhaion @&nwhﬁ%hnﬂd Euﬁfer@(;l%n' Relb&Swas’ fRey &r do@p not

utilize 25 nmounting tabs, as discussed and illustrated E}r evi ously.
Utilizing neteal). plTee perped design meastsmentaoefpirechty ioyibe tables belosswashermet ant age

of  modifyi urzﬁ% L83 spgggé\%?istaﬁ@gtsa%gﬁeseﬁant &%umy@&ﬂengola%ﬁmbgwam' s _can

be usef ul e nounting system 10 to ensure the nounting
syst emsl0 hﬁsmadoﬁmmhautbrlﬁrr@jmdeyoraﬂsfnharrmgt56t han that of the vibratory

cLTent 12, 24! a0l bk uSRRAR B SR BRSPS LDBuED!
i nventive nadntiengd Sy 5l 8143 Bedrwy arRCinoludédd Dehsityt bfeths meenatqi) Yhengvs br at ory
el ement 12, m%?lul&lse(l)fl thc(;jl ﬁqa%eggl(sf) rl’%?s%gr?g}/atl%fof Echeema\{elzrb[i st Orcy the:e lmextm? rghmensp)n;[ he 9
of the non-resonant mount.
20 A modal analysis procedure in Pro/Mechanica was then executed. The finite
element analysis program calculated the resonant frequencies of the nodal mount. The
results were inspected to determine if any resonant frequencies of the mounting system
10 occurred at nearly the same frequency as the driving frequency of the vibrational
element 12 (which in this case was about 20 Hz). If the resonant frequencies are too
25 close to the driving frequency, the dimensions of the mounting system 10 were then
adjusted to shift these frequencies farther from the driving frequency of the vibrational
element 12. The analysis was rerun, and the resonant modes were again checked. This
was repeated until the resonant modes were spaced sufficiently far (at least 500Hz)
from the driving frequency. The final mounting system designs were built, and the

30 increase in energy consumption caused by the mounting system was measured using

the Branson watt meter.
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t he Branson watt neter. 10 WO 03/070387 PCT/ US02/ 40896 The design
criteria, nodel inputs and nodel ed di nensions for each nounting system
desi gn arwogbhowisi n the Tabl es bel ow DESIGN 1: SOLI D STEBCTNGh/REBSONANT
NODAL MOUNT DESI GN CRI TERI A MODEL | NPUTS MODELED DI MENSI ONS Hor n
Frequency = 20 KHz Steel Density = 7500 kg / m Qutside D aneter of

| sol ating Menber AjikbubB IdprEscRAMOERNN Mal BedNatadribell §8th rEleRtd © peyis =
203,000 MPa Inside D aneter of Munts |Installed = 20 KHz |sol ati ng Menber
0.086 m RadPabodimpitt.eakers skifledinathp gt veilleraroepis shab shaperampy he n@dz% Axi al
Thi ckness Of‘ormnﬁﬂb(fertaﬂ‘wﬁhgut)ﬂeﬂ%n | 05t di NESpRESE thd il3&idm Mayy mum
Measured | ncrease i n Engaging Radi al Power Consunption w th Nodal
Hei ght Mbuntederpivss and pud leatlpcmcmdtm §1e 3be® descriptign e ifcapotateddBoEiomaeease) (6
menber Er&%%g%%&%% Ehifrea 5.65 x 10-5 n2 5 DESIGN 2: COWMPCSI TE BRASS
AND STEEL AL  MOUNT DESI GN CRI TERI A MODEL | NPUTS MODELED
DI MENSI ONS Horn Frequency = 20 KHz Brass Density = 8300 kg / m Steel Ring
Qutside Diameter 0.139 m
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Frequency with Nodal Brass Elastic Mddulus = 103,000 MPa Steel Ring Inside
Mounts installed = 20 KHz D aneter 0.114m Radial stiffness of isolation
Brass Poiwean/om3kati on: 0.35 Brass Ring Qutside nenber =PETUSK2/40886 N/ m

D ameter 0.114 m Maxi mum Measured Increase in Steel Density = 7500 kg / m
Brass Ring Inside Power Consunption with Nodal D aneter Munts installed =
80 Watts 0. pBapvkabout 20% i ncrease) Steel Elastic Mdulus = 203, 000 MPa
Axi al Thickness of Isolating Menber 0.038 m Steel Poisson's Ration: 0.295
Engagi ng Mehber A pepupdng sisiegHer a wbgosal glemgnthayige pdapgivdinal aghgagi ng Menber

Area S.65 Xoklsarll andhn ggaﬂﬁép@a%@ﬁ% vithrddHS844 4088 @uteﬂu}fg&l&g)lfh @ Pr esent

i nvention has been described with reference to preferred enbodi nents,

wor kers ski | | ed dmisaléféonamember hivingarogriation suene, ahisrigion h@dyarbieanrma@mm form
and detail wthout d ﬁ fing fromthe spirit and scope of the invention.
Any references and SJ% I'tations cited in the above description are

i ncor por at ed by whdrein ghe engagingnpartieri is manovablyysehered ity thel Bolip0 Bpdy7 6887

PCT/ US02/ 40896  CLAI N§ten&s raﬁiaﬁ? Hﬂ\yarcp gor’ﬁ){ﬁe ﬁgqﬁlflc%rbo%y\é{ ? f)&H 1%9‘3in gﬂ)p%gﬁé]t

havi ng a | ongi t udi nal™"axi’s
the 1solat10n surface so as to engage the outer surface of the vibrational

element; and
10 wherein radial displacements of the vibration element are substantially decoupled

from the isolation surface through the engaging portion.

2. The mounting system of claim 1 wherein the engaging portion is
interference fit with the outer surface of the vibrational element.
15
3. The mounting system of claim 1 wherein the isolation member extends
concentrically about the vibrational element and further comprising:
a plurality of engaging members forming the engaging portion, the engaging
members extending from the vibrational element and disposed
20 circumferentially and equidistantly about the vibrational element, each
engaging member interference fit with the outer surface of the vibrational

element at an axial node.

4, The mounting system of claim 3 further comprising a total of six engaging
25 members.
5. The mounting system of claim 3 wherein a portion of the isolation surface extends

radially outward from the isolation member at a position radially opposite each engaging
member.

30
6. The mounting system of claim 3 wherein the isolation member has a radial

stiffness of about 4.7 x 10% N/m.
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outer surface and an axial displacenent vibration node on the outer surface
conprising: an isolation nmenber having an isolation surface, an isolation
body and wpoangsging 5 portion; wherein the engagi ng por PCOUSIT4G8p6TOVabl y
secured to the isolation body and extends radially inward fromthe

i sol ation body at a point radially opposite the isolation surface so as to
engage the outer surface of the vibrational elenent; and 10 wherein radial
di spl acenents of the vibration elenent are substantially decoupled from
the isol atidn suFtea@euitingsygem oh elagmdayican fsrisolgipn membes and#igrangegingy st em
of claim 1l phehel e ifeERERMINDrBRY hieRyi s interference fit with the outer
surface of the vibrational "eléenent. 15 3. The nounting systemof claim1l
wherein the isolation nenber extends concentrically about the vibrational
el ement. andqfurt CORE LSk ngc ol i ; ' rs f.ormng the
engagi nsg po? ti onﬁ%{rﬁe en%g%s?éf}gOf%éRn%g&@réé{l(#lgﬁ%ﬁl%gg?fg glﬁ%gﬁﬁgg%ﬁgﬁlg{l%ghal

el enent and di spoSstrin@®roéd afiarfirgrmeat¢riaglang and equi di stant|ly about the

vi brational el enent ach ' er .k ference-fit. wi.th the outer
surface of the \rjiP B?Gé)fl ?(???gl %H%%g%‘@%tsea()t%al{rllatg@aﬁ ﬁheﬁ%%ghe Q;Sk ‘Fﬁgﬂ 1%313}?]%} ?lrl?{:]
system of claim3 furfhined witine erggapigg aotioh.al of six engagi ng 25 nenbers.

5. The nmounting systemof claim 3 wherein a portion of the isolation
surface extends radially outward fromthe isolation nmenber at a position
radi al ky opposi t Bheaacintiap gAGINNGE cldIRrg) @hereBAhSfirsiTig; 9Bt theh thySt em of cl ai m
3 wherein the isglation nenber has a radial stiffness of about 4.7 x 108
N'm 13 WO 88PR70EB7 PCT/ US02/ 40896 7. The mounting system of claim1
wherein the isolation nenber and the engaging nenber are fornmed integrally

of one material. .
10.  The mounting system of claim 8, wherein the first ring and the second ring

are interference fit.
15
11.  The mounting system of claim 1, wherein the vibrational element is an

ultrasonic horn.
12.  The mounting system of claim 1, wherein the engaging portion is

20 configured to substantially decouple the vibrations of the vibrational element from the

isolation surface by non-resonant compression and extension.
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5 8. The mounting systemof claim1l wherein the isolation nmenber further
conprises: a first ring formed of a first material; and a second ring
formed ofweoseossd naterial wherein the first ring is integraishy4o8por nmed
wi th the engaging portion. 10 9. The nounting system of claim8, wherein
the first ring is denser than the second ring. 10. The nounting system of
claim8, wherein the first ring and the second ring are interference fit.
15 11. The nounting systemof claim1, wherein the vibrational elenment is
an ul trasoh-c hmeuntiy systpe ferpuvibiatiepakglemenhharing ¢ ngitudinahpef aidh t he

engagi ng pog&é&&skga(%qoﬁﬁggi%gur ed to substantially decouple the vibrations
of the vibrational elenent omthe 1isolation surface by non-resonant

conpr essi on and amiscdatipingrembprhandeOB/IFFIREFURCT/ US02/ 40896 13. A nounting
systemdfor a vi babloohal nEhBIPAkediel A8y FOROKE YRk bl Ad pBligH !

surfaceé conprising: ol ation nmefber having an 1sofation surface; 5 an
engagi ng nmenber ext enalislly opodsitd the Kolatmnt hefacs elhateimthenmghgng atendepdsi ti on

radially opposite the,.isolation surface, wherein th ngadgi nber s
Grspasell S0 as to be drBrRd o B ot PRRG! Kudienipeie SRR e VIRl 2,

el ement; wherein theele@hgti on menber and the engagi ng nenber are
non-resonant with the 10 vibrational,k elenment; wherein the en . nenber
and i sol at i on neHIEHN SisgESHARBTTEST Ak 66 SREREIREneTHCh PR TOBHORAT fHG the

vi brat jponal el enent rEgxmal dl@menk;he i sol ating surface while having a
stiffness of greater than or equal to about, 4.7 x 108 NNm_ 15 14. The
mount i ng syst em ‘8#erein dheeagagingHacraben agd dsoigbign ingnbsy syhstantelhoAcerurlp digy

through the nounting yst@EdrShd §bPatihatldBP knitel GoRCHE R atlly dub@cener gy
required to resonate the vibrational elenent. .
while having a stiffness of greater than or equal to about 4.7 x 10° N/m.

15 14.  The mounting system of claim 13, wherein dissipation of vibrational energy
through the mounting system is less than twenty-five percent of the energy required to

resonate the vibrational element.

15.  The mounting system of claim 13 wherein the engaging member is

20 interference fit with the outer surface of the vibrational element.

16.  The mounting system of claim 13 wherein the isolation member extends
concentrically about the vibrational element and further comprising:
a plurality of engaging members extending from the isolation member and
25 disposed circumferentially and equidistantly about the vibrational element,
each engaging member interference fit with the outer surface of the

vibrational element at an axial node.

17.  The mounting system of claim 16 further comprising a total of six engaging

30 members.
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15. The mounting system of claim 13 wherein the engagi ng nmenber is 20
interference fit with the outer surface of the vibrational elenent. 16. The
nount i ng wWRIBEmM38T claim 13 wherein the isolation nmenber exTArsd%40896
concentrically about the vibrational elenent and further conprising: a
plurality of engagi ng nenbers extending fromthe isolation nenber and 25
di sposed circunferentially and equidistantly about the vibrational elenent,

each engaglng menber |nterference fit with the outer surface of the
vi brational 18 endhe metntng syxprIof laige] 6 Whereimiaportionof thegsodafionevnfase cl ai m 16

further co [ 87
Ty Uan2! JoRGiet AR Qe ﬁ'gthg ok A0h Btmb20et ARG o é?lﬁy\g’%gfrt%?%ﬁ of

t he i sol at i GAgaNAeBbeExt ends radial ly outward fromthe isolation nmenber at
a position radially opposite each engaging nmenber. 5 19. The nounting
system of claim 16, having a resonant frequency of greater than or equal

t o about 5009Hz iThe dhoffitérgestistem of dlaint Hahawofg 4 reeonanbiraguemyalf gehterrent . 20.

h i f ' ' f f 10
han or equaions oG8t EhGi0R n d1RePdp Bl FARY I PMRRRRAC L 1 2t ona

el ement. 21. The nounti ng syst em of claim13 wherein the isolation nenber
and the engagi ng nenber gﬁe Lé;b raII .15 22. The nounting system
of cl ai m 13 ther P?‘lmtoH‘glqgsséﬁ A rh 8FVIRET 19 %’iant HESGHENY QE&MAET i r st i ng
f ormed 10f  a thanrds bquaktaiboal Looamuadme&ﬁéwfrcsm A6t bOhERiBra@bna ce@nd naterial,
wherein the first ring is integrally formed with the engagi ng nenber. 20
23. The nounting systemof claim22, wherein the first ring is denser than

the second ] ngTh@fhouﬁ'ﬂh%s%&ﬁ"bfélglnﬁbﬁs&lﬁ‘é?élf?fthe%cﬁétﬁh%?ernﬁépﬁ{d%@ the first
ring and the second
engaging member are formed integrally.

15 22.  The mounting system of claim 13 wherein the isolation member further
comprises: :
a first ring formed of a first material; and
a second ring formed of a second material, wherein the first ring is integrally

formed with the engaging member.

20
23.  The mounting system of claim 22, wherein the first ring is denser than the
second ring.
24.  The mounting system of claim 22, wherein the first ring and the second
25 ring are interference fit.
25.  The mounting system of claim 13, wherein the vibrational element is an ultrasonic
horn.
30 26. The mounting system of claim 13, wherein the engaging member is

configured to substantially decouple the vibrations of the vibrational element from the

isolation surface by non-resonant compression and extension.
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25 ring are interference fit. 25. The nounting system of claim 13, wherein
the vibrational elenent is an ultrasonic horn. 30 26. The nobunting system
of clai mw®,03ms8ei n the engagi ng nenber is configured t®CIuiser/a08vé al |y
decoupl e the vibrations of the vibrational elenment fromthe isolation
surface by non-resonant conpression and extension. 16 WO 03/ 070387

PCT/ US02/ 40896 27. A nethod for formng a nounting systemon a rotary
ultrasonic enment havj an_annul ar, outer surface conprising: formng a
series of rrghber ‘Bﬁﬁ%dng?%mgigi%oq?ﬁ%@fsfe@%ﬂ@E&PW@S"PW@W@@F ating nember
radi al 'y ar auvigg bsnaRPuhef supdeonmphibib@ce; interference fitting the
menbers with the annular outer surface at nodal positions; and machining
an outer sur f acefmingfeseriesifamanbgrsaampdsolatisg Bembecent ric with the annul ar
outer syrface of ol Al 3 claim 27 and
furt herycorrpr i Si %%ﬁ&é#g?%géltgmﬁmgq?%ﬁ%aﬁ%lykgﬁégFhe}ggﬂga@g&gg%rg%%nant
frequency at | eabferfebwge (iBDE thementdiets witlethe anrtvdar otteeswifate atsw0ddl poditons;
resonance. 15 29. The, et hod of claim 27 and further conprising: sizing the
i sol ati ng menber to have a resonant frequency at |east about 1000 Hz

di fferent than tmechihing asoutercsutfacerf tessraing enendBr to Heeomehiniodvithfthe | ai m 27
and further conprisin u 0 ftqrsmfgc% inlee_r‘%l'ts,ol at i nlg nmber to have a stiffness
of at |east about 4.7 X 108 RI*m™31L! éas%‘fﬁ}S “Gf claim 27 and further
conpri s ng: sizing the isolating nmenber so as to have a power draw of |ess

than tuient v | Ve RSRSSDladh /15 STt slitpf ©0 0 resonate the

sizing the isolating member to have a resonant frequency at least about 500 Hz

different than the ultrasonic horn resonance.

15 29.  The method of claim 27 and further comprising:
sizing the isolating member to have a resonant frequency at least about 1000 Hz

different than the ultrasonic horn resonance.

30.  The method of claim 27 and further comprising:

20 forming the isolating member to have a stiffness of at least about 4.7 x 10° N/m.

31.  The method of claim 27 and further comprising:
sizing the isolating member so as to have a power draw of less than twenty- five
percent of the energy required to resonate the ultrasonic element.

25
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