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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 homs. 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. Homn
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 shait. Thg welding portion

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

application of vibration energy. Typically, a rotary homn is cylindrical and rotates about
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U.S. Patent No. 3,955,740 discloses a non-nodal rotary horn mount, which uses

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

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
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Wil e the setscrew type mount can isolate vibrations fromthe vi| ?r@bizmﬁ]
‘el enent, the static |oad, which can be inparted onto the nount, "I's”I*Fm ted
to the abwad@y7eR7t he setscrews to withstand the force. FCTAHMMARY: OF THE
| NVENTI ON The invention is a nounting systemfor a vibrational elenent. The
i brational elenent has a |ongitudinal axis, an outer surface and an axi al

~di'spl acenentnon@eg. sybe: inlulids AGsoRA0R mINDP HOTOBR 7P SIS0 2040896, mount i ng

“systemincludes an isol ation nenber, which has, an isolation surface, an
i sol ating biSAiHng peflvaARbAENgARBS BERiPR.ofhe TRRRLiER PABIOR]S POMPYASR sesurdmovabl y
secured t0id € idoBBbALIcHbeRIRK end AR SRES FaditRd Is¥laliWed ot & P8It he
“ isolation body at a point radially opposite the isolation Surface. The
engagi ng pofadiadi apsodiesihededativn wefageo The sagguet pusticuisedispnged sces ¢ t he

vi br at i onal rent i ' S h 1bg-at] are
* subst anﬁfi al F@agecougﬁltgﬁ%r?ég?nqitfﬁ@é ?gjg@?%loﬁl%aﬁﬁ g%%d{%lhél%%%&teﬁé%%ﬁ%agi ng
portion. BRyiEftiDESER BT hENubRanidly DRANpNGIoh0 tHeniselhlion dirficd dseupd, theli f f er ent
enbodi nment Schfa ithpgogﬁ%enti on are illustrated. Throughout the draw ngs, |ike
ref erence nuirerars are used to indicate conmon features or conponent s of
the device. FIG 1 is an isonetric view of two inventive nounting assenblies
secured to a vibrat I rates an end view of the
apparatus of FIG 1. %@?%@{@Eﬁ@@@ bﬁ%&@-ﬁgycti onal view of the
vibratgry appar ahusis ascloalt€ diffsddrd B@bddiMentSothonvEdtlon are illidtkated4 IS an
isonetric view of one enhodi nent of the inventive mounting system 20 FIG
5 is a sidelioeghoyt the devargsolifieralsrenes numsgals o6 asrdite Bdipgiarommyndialiem FIG 6
i's al el evapi Qnpbnathedy (R dRe. enbodi ment of the inventive nmounting system

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 ring of the inventive

N .

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.



FIG 7 is an isonetric view of one enbodi nent of an outer ring of the

i nventive nounting system 25 FIG 8 is a cross-sectional vidw &b ke
enbodi nemvoaizeasssput er ring of the inventive nounting syst@muse/4bsiken al ong
line 8-8 of FIG 7. FIG 9 is an isonetric view of one enbodi nent of an
inner ring of the inventive nounting system FIG 10 is a cross-sectional
view of one enmbogh Mk abdvedoniRBE liralidSighfessOiSorti BiffeRUE sdéﬁnwi ng syst
as taken along line 10-a_1dieo]‘ i G 9. FI{I%@I?SI i's a lge%e f%ew of one
enbodi ment ¢ apnaratusrised jnjthgying¢ntioneothes eabpdiments grealici cagiemylatadms el AUG 2006
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enbodi ment srepresentaltisn andnt dinplativre df stwsldhstusdersiopd thaemuiesmgodieon. |1 n al |

cases, . this_di.sclosure presents the i.nvention by .way. qof representation and
not |i fi tat?lg#\l.%cﬁtlton%ﬁjguﬁﬁlc?oé R SE? E? coiec;’ e? %X&Oﬁ%%%ﬁeﬁ%g%&aﬁte‘?%? %ﬁdi fications -
and enbodi neitlis theatodeend epiris etthbyrindiyds ef thkidvesibni n the art which fall

wi thin the scope and spirit of the principle of the invention. DETAILED
DESCRI PTI ON The inventive nounting systemis illustrated generally at 10 in
FIG 1. The 10 inventive nOUIPBTWIISYSHESCAPTIONA non-resonant nodal nount.
The nounting system 10 . is secured to a vibrational elenent 12. |n one
enbodi nent, t he Neopgwtiyhaovatinghetiten s illpgrated generplly shi® imEKh Lisdbeto wel d

t her | ast} 3 | r; 1;1\9,\[%\@ N an be
used rr\l/)lviet h alhgen\rtﬁ?%?%%l l?tg#asgggﬁggé%% e}((g{aﬁﬁoitagl rg((saﬁs?l:tl'r ZIE) emtﬁpcf)i?1é gy?é%%ﬂ% e" or
prevent t heiswéduregttp @ngbrefionizheemensridt ilonsd erebaiiment, the vibrationsiredonednt by 15

t hrough t he._mounting. system to at ever...strycture (typigally sonme type-of
supporti ng SeR mrerei M abkd b M RRE T LG el R e )
el ement 12 mowithig@gstén |10 ngh bedsadabittaxiysvibdtiorsh lement Witeaé itdndésirablatter surface
16. As discyu sedI ,one enbod#'lme t of tltn Vi raIiolcalI el e@ﬁﬁt I S aﬁ

ul trasoni c KGFHPU Fr BISHAT ¢ “‘tyg’f%@Pw i IvioEdiogal FIpPet P CGUBRCcYy of 20

kHz oris through the mounting system 10 to whatever structure (typically some type of

supporting structure) engages the mounting system 10.

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
ulirasonic 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 jts 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



20 greater. Additionally, while the configuration of the vibratildn&lt Blfenent
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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 isclation 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



15 between the nounting system 10 and the vi brational el enent é% i %ﬁﬁﬁabl e
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and the viWPAYIW8RY el enent 12. The vibrations fromthe viebrasiosgbs el enent
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t hrough isol ation menber 30, particularly 20 through engaging portion 34.
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frequenci es \@aF.fitd'ercent of the power required to resonate the vibrational element 12.

Many applications require the application of a high static load 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.
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decoupl i ng qﬁm{ﬂlﬂgngﬁﬂg{e@g@@@gr ox RSy ans kabdym. ow energy | oss and the ability
to transfer a higher |oad between vibrational elenent 12 and support

structure with | iy dn couiiaptdp PEYIouR MeBRting Syepas theinYeliVemouse D3/ 070387
PCT/ USQ2/ 4( #ﬁ@@dé%sracﬁg‘loé‘c\f@ﬁabég vﬁﬁl@de&uflﬁg‘){h@%bﬁ’é%o%%&%ﬁ %@eh%%o r%ﬂ:loﬁ dny @l i gned

w th engaging portion 34 of i1solation menb . posi t ng directs
;forces radi adfyonf therisoldiion sunfasp 82+ The radiet vibwetory mmplifgde deswok at itsgreatest dtace 32,

“.sol ation bod m&%{:@fﬂgn ggga@%nﬁlls E@arg@(g Rl QmBP&;ﬁe)V\M?e AL U RERES, A2 This

radi al allgn nim the cr
substantially eliminated through isolation member 30 at isolation surface 32 (e.g.,, 0.06

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



5 of bending nmonents through nounting-system 10 by radial forceg.q AUsVBIE. i ve
mounting system 10 can preferably withstand a radial force of at | east
about 500WM83/070326 [ cgs) and nore preferably about 800 | bEeT/C®B@846gS) SO
as to result in a deflection of isolation nenber 30 of |ess than about
0. 0003 inches (0.08 mm. Sinultaneously, isolation nenber is able to

decoupl e Vi RifdsONF 1f5619t!i6d %&hﬁ{e} an, ?&Eésa&%atgg bylﬂltér&ré?l@é o dhpBi, the
i sol ation menber 30 has a radial stiffness of at |east approximately 2.9 x

108 N'm Pr @catbsrs| §6 wite vibsational elampiinbe camds withsiedaitieytf affreting dhe

appr oxi mat e#:éfrfé‘rm%né% ofQfveiv8 1n%l‘§itng9§s?én’?'i@bl!?éf’exﬁrﬁﬁe'e%%iﬁﬁétﬂ@mﬂ@y@@é an30 has a
m ni mum stiffness of proxi mately 1. In contrast to
previ ous notbhﬂﬁtﬁéergxﬂstfgwh thitean; ingesiamager rastingd legth§>¢Sg&gmg nenproHde des radi al
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rom tro | soraran iy 000 sbfesh kP afod Sk bl BamhpRAb ML RLCT T (TS
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20 As rren]El esvath, e@?mlTQeﬂmeﬂDﬁ{cSm&ﬁmﬁilﬁéreraﬁtbbﬁm&?&f&@%ﬂicﬁﬂlrﬂﬂsdlbglﬂnﬂma][ d alblong
i nner surface 38 of isolation neme E in ers. 36 are preferably
i movabl y nbiftsedPry PUgfLg Fﬁﬁﬂﬁgﬁyc@aﬁ%dl\%ﬁg{ Wg?"gtg%mgﬁgméﬁﬁﬁ'@?ﬁg menber s
36 arejgintegral rie i@ Woldtink SOt mnsbﬂdfera"m}luseammbaﬁinyudﬁwﬁﬁ iang

engagi ng menbers 36 to isolation bod wel ding or by integrally
form ng t hefgtatiguahiypav bty plemeat Wv@i;ﬁstbemngéﬁwg eflgn ptiongriaget h
respect to khsol; a u reyigus .
nount i ng syssge%s%‘(suc Qg'goégg'scpggvé/%%%&%ﬁbﬁg égﬁ%%@;ﬂﬁg?& i.\Iﬁeo(ﬁpr ef er r)ed
enbodi nent , vtunmoaaig@lgmnrg 1 nibaateon3Sifaoe 321 @n 1o famed do shebsdnaeritiia with

decoupl e the Vi br ns b e vibrati 2, and he i sol ation
body 31. g’faé’rg F“i’i]t ?%eciﬂ‘ﬁ {J’Hﬁmgcléu?rgp B%LY fa%cofnf?ﬁs@ g% Wﬁ'ﬁbers 36
conpr essi ngls@mﬁoB@u@ceamdlrngs a6 ealidlalignriedt bhiavemve renhiinf syekinelr) @uwhf ace 16
of vi brati onal @I ement 12. An additional advantage of |rrrmvabI%/ nmpunt ed
engagi ng neftb&f§ BECieYs e Imypeyiops MOBnng: Stemsk iicieayired o JptkaiFIHIRenber 30+

wi th vibrat gk 3@h&56%ﬂ$lcmtht@ﬂﬁﬁnoﬁépmﬂkqu mﬂnari;ngng%% B%ﬂﬁrslﬁs able to*
wi t hstand high radial forces due to the |evel
can be formed (again, preferably by machining) along engaging surface 42, ﬂlustrated

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 (¢.g. by machining vibratory element 12 and
isolation member 10 from one piece of metal).

In one einbodiment, 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



WO 03/ 070387 PCTI US02/ 40896 stiffness of isolation nenber 30, forces created
by interference fitting engaging nenbers 36 with vibrational € ehghe0082 can
be wit hst owd oswtoheut affecting the performance of inventipermBuidossyy System
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~and elimnates pr ous m salignmen I ssues I n prior nounting systens which
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10 is prsef erizgtﬂ1 s ed ciﬁ conjunction with a rotational type vibratory
“el ement “and WTT 11265 DEAT i ngs nounted on the isolation surface 32

(di scussed previ qusillygtratddniaeFlen§agizagingrernhees Btraeguidishelf gaeqicsebohi t oi |

vi brati onal el enent , .Lsol.ation,surface 32 can be forned to be concentric
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machi ni ng 15ht sderhdigiBefisiCR oderesgdatite engloih@fheberadsi gnment  of i nventive
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systens) is requiMetipg skEre 10<epdei fornedsefr sngledueh Bivdwlns Paterigl {4e-¢ he
vi bratignal el.emenfi,dgunedSinF iRyl YA GRARGYNY c&ﬁg&%% o%ﬁﬁngc%@tehﬁ cf]%ﬁged
agi n sur% 2, |F

(again, preferdbly by machi ni ng) al ong eng Irtace. ustrated in
FI G 4, bef dwe or moey hateridls eanf betusedagln one prgregied embodimpnidses. cpridebtTamity. 20
Wi I"e, engagi RQ: Al f ] LOF | | 8CUS

11 ustr ated OB BHnE 2014 R Sy BB e EhBSRGHIAIRE | | o).
it shoul d beblimdmdsihomding faformed ef besn hivgng atdensity ofely3 bb/ins e@ngdgitpout
departing fromithe irit and scape .of the invention. For e e, an
engagi ng barfB°A%¥rY ﬁg\&#’f’ﬂgﬂd‘&{%ﬁ?ﬂ‘ e@?ssé%eéﬁ%:% an il?%lﬁﬁ?%fagg% A%y about
inner syrf acRmd@ @y RYitiNged Vatee fing 34| dWAIlS Brabeandssst] ak BBizengaging
portion 34. In addition, while engaglng portion 34 is discussed as being

sinterferenc eemlqo;:lirwnﬁ, ft ihpblldé’? uHeaTOR] @ty meserialsonat hergedipSornpuer ingy
Vi bratory ol S B o BB Gme i ode of metal). In
one enbodi nent, aisgdnstiated yfFIGSof.at, i9n &0, snd fl Acien@ 2ingdiben fsmedsithllipyi8out war d
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20 inner ring 56. Inner diameter 66 of outer ring 54, illustrated in FIGs 5, 6, 7 and § 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. § illustrate one embodiment of
outer ring 54. Note that the embodiment illustrated in FIGS. 7 and 8 does not utilize
23 mounting tabs, as discussed and illustrated previously.
Utilizing muitiple 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



form ng nounting tabs 50. Mounting tabs 50 can be used to indicate the
opti mum position for mounting of bearings (not shown). These opf iTmb® 2006
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modulus of the material(s), Poisson’s ratlo of the material(s), and the initial dimensions

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 cheéked. 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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Utilizing nultiple materials to formnounting system 10 has tile ?%ggh@ge
of nodifying the resonant frequencies of the nounting system 10!

be usef ul waos/imsgrdesi gn of the nounting system 10 to ensuper/ube/gunt i ng
system 10 has a resonant frequency different than that of the vibratory
elenment 12. Additionall y, 30 conposite materials can increase the ability to
wmodi Ty the geomeihy Qe BfiostDlbpus ¥id SR il ShIRR Shaolhiink e
i'hventive nounting sys‘f em can vary Btcordi ng to the size Re 'V bratory
el ement 12, spdemwdédignease shownfin dgdablcybdéwt he vi bratory elenent. In the 9 |

AUG 200t V\%ﬁéﬁma&ﬁﬁﬁéﬁ%bﬁ%ﬁéﬁ%\hﬁﬂLWnts descri bed bel ow,
©a comrerci y Nt Mg e renERL e PGy STS Pogafiy . to .a.l'l'l ve
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Cor p, Needré%-‘m?\hﬂ?ta“@ﬁé’roﬁz | ogs through each inventi laé"FﬁEY{’i'E‘Peﬁg sysit em 10
was neasur € 7St . lgtuﬁvll “"Sﬁ:el b\tls'\ r'""v?" gpl Y& ‘X&‘ nbr "@"g"i watit neter,
manuf acture%(ﬁa é‘?la*‘,?}%@‘i}, Rst r givent 8 SOM& %ury CT. j.éol ﬁ'nr"ﬁfm sign |[The first
desi gn maa<urements referred tjo in the t abl es bel ow|wasg hor med utilli zi ng an
al | - steel nonximes oRaktd Redalin qount (1.e. tThe TS0l al 1] GRgagy MeberRagal T or med of
solid st eelPywer Theunpemontl Nodesi|gn neasur enments ref errnéeigito in the tagbles

bel ow was fé’foﬁ‘éﬁnmﬂﬂ:llp(kWﬁ@ ajconposite brass and sté@$ H’oﬁ'—resonaqt nmount
(i .en the i SBPALTHAYHENher wad 15 formed of —a steelll and a
brass inner ring 56. Material |specific parameters uq%@gaF‘fghf[Qﬁ’@e‘ Fi tle el ement
nodel for each design are reflerred to in the tabl es “bel ow'and i ncluded:
Density of the matertat(s), Young S —noduius of the matertal (s), Poisson's
ratio of the material (s), and the initial dinensions of the non-resonant

mount. 20 ApmdaN analoGiPoRneE SHNSS AN Ofiic e CREYORANTENGxgEUt ed.  The

finite MOUNT
DESIGN CRITERIA MODEL INPUTS MODELED
DIMENSIONS
Hom Frequency = 20 KHz Brass Density = 8300 kg / m’ Steel Ring Qutside
Diameter
0.139m
Frequency with Nodal Brass Elastic Modulus = 103,000 MPa 3 Steel Ring Inside
Mounts installed =20 KHz Diameter
0.114m
Radial stiffness of isolation Brass Poisson’s Ration: 0.35 Brass Ring Outside
member = 4.7 x 10 N/m Diameter
. 0.114 m
Maximum Measured Increase in | Steel Density = 7500 kg / m’ Brass Ring Inside
) Power Consumption with Nodal Diameter
- Mounts installed = 80 Watts 0.086

{about 20% increase)

Steel Elastic Modulus = 203,000 MPa | Axial Thickness of
Isolating Member
0.038 m

Steel Poisson’s Ration: 0.295 Engaging Member
Radial Height
508x10°m

(6 members)
Engaging Member
Area

5.65x 10° m?
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el ement anal ysis program cal cul ated the resonant frequencies of the nodal
mount. The results were inspected to deternine if any resonantqfirgguglici es
of the nmowWMG3mMFo8ystem 10 occurred at nearly the sane fr RIRFHENR/46896t he

driving frequency of the vibrational elenent 12 (which in this case was
about 20 Hz). If the resonant frequencies are too 25 close to the driving

frequency, the diAWRAREHARS pRbent MveBiHids Haerb ¥&EARAIIRitYRIQeddab preféiiddst ed to
shift these frequencies farther fromthe driving frequency of the

vi br at i onal cmBpEmens. workersiskillgd dn the agt wilsrepegmigs thatndharges Baystsnmade Wodes were
agai n checkegdm Fli SetaiVdthbRPEALEH U khet HBitr SRR oMBdaRvaNRLE HRCEd
sufficiently far (at |east 500 (ﬁ fi-orn the driving frequency. The final
nounti ng sy&feraneandpidligeions pifed ip theghgve dracringionaes mepsporptgd by egfgrpnce

consu i on; : nounting system was neasured using the Branson

wat t gger. I%ai%qg%éh%%g% WO 03/ 070387 PCT/ US02/ 40896 The design criteria, ~
nodel inputs and nodel ed di nensions for each nounting system design are

shown in the Tables below DESIGN 1: SOLI D STEEL NON- RESONANT NODAL MOUNT

DESI GN CRI TERI A MODEL | NPUTS MODELED DI MENSI ONS Horn Frequency = 20 KHz

Steel Density = 7500 kg / m Qutside D aneter of Isolating Menber 0.139 m
Frequency with Nodal Steel Elastic Mdulus = 203,000 MPa I nside D aneter of
Mounts Installed = 20 KHz Isolating Menber 0.086 m Radi al stiffness of
isolation Steel Poisson's Ration: 0.295 Axial Thickness of nenber = 4.7 Xx

10' N rn Isolating Menber 0.038 m Maxi mum Measured | ncrease in Engagi ng
Menber Radial Power Consunption with Nodal Height Mounts installed = 100
Watts 5.08 x 10-3 M ;’")

L

LR
SR

N
Pt
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I ncrease) (6 nenbers) Engaging Menber Area 5.65 x 10-'m DESI GN 2:

COVPCSI TE BRASS AND STEEL NON RESONANT NODAL MOUNT DESI GN CRI TERI A MODEL

| NPUTS MODELED DI MENSI ONS Hom Frequency = 20 KHz Brass Density =1d3tib 2086 /
nB Steel Ring Qutside Dianmeter 0.139 rn Frequency with Nodal Brass Elastic
Modul us = 103,000 WA Steel Ring Inside Munts installed = 20 KHz D aneter
0.114 mRadial stifffiess of isolation Brass Poisson's Ration: 0.35 Brass
Ring Qutside nmenber = 4.7 x 100 NmD aneter 0.114 m Maxi nrum Measured

I ncrease ¢y Rigeel DeTsi TF- 73~0 'kg/ m Brass Ring Inside Power Consunption
wi th Nodal D anmeter Mounts installed = 80 Watts 0.086 (about 20% i ncrease)
Steel Elastic Mdulus = 203,000 MPa Axial Thickness of |solating Menber

To-3 M (& menfareir ey Nhupt aplRE e R R gy K™ S 02

surface and an axial dlsplacement wbratlon node on the outer surface comprising:

an isolation member having an isolation surface, an isolation body and an engaging
portion;

wherein the engaging portion is immovably secured to the isolation body and extends
radially inward from the isolation body at a point radially opposite the isolation surface so as
to engage the outer surface of the vibrational element;

wherein radial displacements of the vibration element are substantially decoupled
from the isolation surface through the engaging portion; and

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 circumferentially and
equidistantly about the vibrational element, each engaging member interference fit with the

outer surface of the vibrational element at an axial node.

2. The mounting system of claim 1 wherein the engaging portion is interference fit with

the outer surface of the vibrational element.

3. The mounting system of claim 1 further comprising a total of six engaging members.
4. The mounting system of claim 1 wherein a portion of the isolation surface extends
radially outward from the isolation member at a position radially opposite each engaging

member.

5. The mounting system of claim 1 wherein the isolation member has a radial stiffness

of about 4.7 x 10® N/m.
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WO 03/ 070387 PCTI US02/ 40896 Al t hough the present invention has been
described with reference to preferred enbodinents, workers skill ed %ﬂﬁéﬁ'e
art will recognize that changes nay be made in form and detail i 4\ l
departing fromthe spirit and scope of the invention. Any references and
publications cited in the above description are incorporated by reference 5
intheir entirety herein. 12 1 AUG 2006 CLAIMS: | . A nounting systemfor a
vi brational elenent having a longitudinal axis, an outer surface and an

axi al di spl aceeRloukiiRg dlstetiloNAMR PRNLEE QUEEHhtSHMERGE: FRTRE by an

i sol ati on menber having "an isolation surface, an isolation body aﬁd an
engagi ng meyetrer pesrformieintsigrally loé oshigagiialy portion is inmovably secured to the
i sol ati on body and extends radially inward fromthe isolation body at a
point radially opposite the isolation surface so as to engage the outer
surface of th&heinuatinpnatenebfuiEnt [ whremehaisolatdoramenibsipfuatbenenipsisaf t he

vi bration el e t are substanti al I%Wgecoupl ed fromthe isolation surface

through the edd4Hitig (poRed g IrsiBetGiy ¥idn t he i sol ation member ext ends

concentri cal | y @RRAUtingMEmYddratse Q@I mR R RMAEreirARE kMBS infkQPRK fSinlg: @
plurality of engagi ng nenbers form ng the engagi ng portion, thé engagi ng

menber s exittethdemgpgingportidie vi brati onal el ement and di sposed
circunferentially and equidistantly about the vibrational elenent, each
engagi ng nmenber interference fit with the outer surface of the vibrational
el ement & an Thxinaluntiogleyste? of [Ham wiiereivgthe st eimgas dalsed thad thakeroad ring.he
engagi ng portion is interference fit with the outer surface of the

vi brational elenent. 3. The nounting systemof claim| further conprising a

total of gix qmg%qjungngrﬁrg&%f§fc1aifh7,%@1@9&@%@%@3&5&@mseéorﬁilxaiguré wherein a
portion of the isolation surface extends radially outward fromthe

i sol at i orintgefpiseee fitt a position radially opposite each engaging nenber. 5.
The nounting systemof claiml wherein the isolation nmenber has a radi al
stiffness

10.  The mounting system of claim 1, wherein the vibrational element is an ultrasonic

hom.

11, The mounting system of claim 1, wherein the engaging portion is configured to
substantially decouple the vibrations of the vibrational element from the isolation surface by

non-resonant compression and extension.

12. A mounting system for a vibrational element having a longitudinal axis and an outer
surface comprising:

an isolation member having an isolation surface;

an engaging member extending radially from the isolating member at a position
radially opposite the isolation surface wherein the engaging member is disposed so as to be
normal to the longitudinal axis of the vibrational element;

wherein the isolation member and the engaging member are non-resonant with the
vibrational element;

wherein the engaging member and isolation member substantially decouple the
vibrations of the vibrational element member from the isolating surface while having a

stiffness of greater than or equal to about 4.7 x 108 N/m; and
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of about 4.7 x 108 Nm 13 11 AUG 200b 6. The nounting system of claim!]
wherein the isolation nenber and the engagi ng nenber are forned {MhtA§r26061 y
of one material. 7. The mounting systemof claim| wherein the isolation
menber further conprises: a first ring fornmed of a first material; and a
second ring fornmed of a second material wherein the first ring is integrally
formed wth the engaging portion. 8 The nounting systemof claim?7,
wherein the first ring is denser than the second ring. 9. The nounting

system of cl aiyfefein m%cﬁ!ltfbntrhﬁnlgér lesfendd Mc&@%a‘il?%b%qmbfdﬂﬂﬂal%[e‘?nent
interference fit. 10. The nmounting systemof claim1l, wherein the

vi br at i oread fedthemeempiisingin ul trasonic horn. 11. The nnuntlng systenlof cl ai m

wh h 1] i i I h
L et e 0 USRS BIRL) A SRR oGRS Aty dgpae ¢ the

€ Vi i onsurtace
non- r esondnrtméoenialy ahdeqddistastkt shost he v1biﬂ|onél dlemet] sagh sygigtm rﬁ@ﬁb@
V|brat|onalielen3€ q?§ﬁng a I? % bqﬁ axjs and an outer surface
conpri si n§terigRnFesh Wil BY ofiehpurach bt ?‘Pqné gleeydt appfialdwdean engagi ng
menber extending radially fromthe |solat|ng nmenber at a position radially
opposite the isolation surface wherein the engagi ng nenber is di sposed so as
to be nobmal Tthe mavating ppianyaf ¢laim b iwhersin dipdpazioprodyiboatisinalednergyiibroughher ei n

the isol afi %%P%%te%qgletspﬁlaﬁ &gir’{gigeg E%g&?réf e%n&%g réqgl?rgﬁ'%ﬂ'ltesg}qa{e%é he

V|brat|ona er a ation e

subst ant i dbdagiorchbelemphte t he vibrations of the vibrational elenent nenber
fromthe isolating surface while having a stiffness of greater than or
equal to about 4.7 x 108 NNm and 14 11 AUG 2006 wherein the isolation

menber exfendsreonamthg bRddnh ¥r ARab2 WRGeini e Sdagg mh R RThterference fit

with the outer surface of the vibrational element.

15, The mounting system of claim 12 further comprising a total of six engaging members.
16.  The mounting system of claim 12 wherein a portion of the isolation surface extends
radially outward from the isolation member at a position radially opposite each engaging

member.,

[7.  The mounting system of claim 12, having a resonant frequency of greater than or

equal to about 500 Hz in difference from that of the vibrational element.

18.  The mounting system of claim 12, having a resonant frequency of greater than or

equal to about 1000 Hz in difference from that of the vibrational element.

19.  The mounting system of claim 12 wherein the isolation member and the engaging

member are formed integrally.

20.  The mounting system of claim 12 wherein the isolation member further comprises:

a first ring formed of a first material; and
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and further conmprising: a plurality of engagi ng nenbers extending fromthe

i sol ation menber and disposed circunferentially and equidistanthy giadit t he
vi brational el enent, each engaging nenber interference fit with the outer
surface of the vibrational elenment at an axial node. 13. The nounting system
of claim 12, wherein dissipation of vibrational energy through the nounting
systemis less than twenty-five percent of the energy required to resonate
the vibrational elenent. 14. The nounting system of claim 12 wherein the

engag' ng msrrb@ edoﬁd 'nﬂ%%rirfeﬂ%@g‘ge(foha maWrFah V\wéﬁenpﬂlte%m@ l?‘ﬁ‘@eg?éll t*a?med
vi brational element. 1I5. The nounting system of clai m T hér conpri sing

a total ofithghxenpagiagingnbeenbers. 16. The nounting system of claim 12
wher ei n ﬁlpor'hlleorﬂ 8tlngI§$ster§%lf9taln?QO frea}ﬁ&eeﬁ‘gt rr]% 1sd dér?sgf‘ larll the sgsovr\@ ql from _

the isol & i on menb |on r'ad] eac engagi
17. The mounting systemof claim12, haV|ng a resonant frequency of greater

t han or qual_to about 500 i.n difference_framth of the vibrational
el ement . 238, Lr"hen}%aﬁlﬂa%e@tegv?tzcw&g» Farmthfz "Shao&ﬁrgda *ée.s%@aﬁélﬁsafer equency of
greater thafe®fice fRqual to about 1000 Hz in difference fromthat of the

vi brational elenent. 19. The nounting systemof claim 12 wherein the
i sol ati on nenber and the engaging nenber are forned integrally. 20. The

Tount i ng ,3ySt g Bl kil sk MNELE 1D LRGSR FbRRy RIS [ iRfsofigrDr | Ses:

a first ring forne rst matétral; and a second ring
formed ofhom.second material, wherein the first ring is integrally forned
with the engagi ng nenber. 21. The nounting system of claim20, wherein the
first ring is denser than the second ring. 22. The nounting systemof claim

20, whereyn t hge fobsting s!y@ﬁn%fd:léulﬂensﬁfﬁ&@ﬂ thé E}angfng mdnﬁBe@'iJc%ﬁQ&%didt 23.
The mounting system of claim 12, wherein the vibrational elenent is an

ul t r asonisebstangielly dezquplyithe wibratiensmy thebrationsd clemsntfram thesiselpdomsurfaee bngagi ng
menber i s,,¢onkh ey gﬂprtegsmn and extension.

25. A method for forming a mounting system on a rotary ultrasonic element having an
annular outer surface comprising:
forming a series of members on an isolating member;
disposing the isolating member radially around the annular outer surface;
interference fitting the members with the annular outer surface at nodal positions; and
machining an outer surface of the isolating member to be concentric with the annular

outer surface of the ultrasonic element.

26.  The method of claim 25 and further comprising:
sizing the isolating member to have a resonant frequency at least about 500 Hz

different than the ultrasonic hom resonance.

27.  The method of claim 25 and further comprising: sizing the isolating member to have a

resonant frequency at least about 1000 Hz different than the ultrasonic horn resonance.

28.  The method of claim 25 and further comprising:

forming the isolating member to have a stiffness of at least about 4.7 x 10° N/m.
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substantially decouple the vibrations of the vibrational element fromthe
isolation surface by non-resonant conpression and extension. 25. 4 wgb hape
for form ng a mounting systemon a rotary ultrasonic elenment having an

annul ar outer surface conprising: formng a series of nenbers on an

i sol ati ng nmenber; disposing the isolating nenber radially around the annul ar
outer surface; interference fitting the nmenbers with the annul ar outer
surface at nodal positions; and machining an outer surface of the isolating
menber to be concentric with the annular outer surface of the ultrasonic

el ement. 26. The nethod of claim25 and further conprising: sizing the

i sol at i ng?Srentié meshdebafe lamr2dsod dwrthef cogprsiny at | east about 500 Hz

di fferent than.the,ultrasoni r 7. The | aim 25 and
furt her COITpI‘ISZim the 1soamg e%b}épgqastgﬁgveﬁaeé;ﬂ)wer% aw a\n;sesrfﬁantrweeggfn ‘?ﬁ fr equency
at | east ;&b&utof]tﬁ)@ﬁ]el-gy ldqifufe&irtemésohahametdmeasuhlt:re&awn't.c horn resonance. 28. The
nmet hod of claim 25 and further conprising: formng the isolating nenber to
have a stiffness of at |east about 4.7 x 108 NNm 16 1 AUG 2006 29. The
met hod of claim25 and further conprising: sizing the isolating nenber so as
to have a power draw of |ess than twenty-five percent of the energy
required to resonate the ultrasonic elenent. 17
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