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workpiece at a selected wavelength, frequency, and amplitude. The ultrasonic horn is an
20 acoustical tool made of, for example, aluminum or titanium that transfers the mechanical
vibratory energy to the part.

One type of ultrasonic welding is continuous ultrasonic welding. This type of
ultrasonic welding is typically used for sealing fabrics and films, or other workpieces which
can be formed into a “web” and fed through the welding apparatus. In continuous welding,

25 the ultrasonic horn is typically stationary and the part is moved beneath it. One type of
continuous ultrasonic welding uses a rotationally fixed bar homn and a rotationally fixed anvil
surface. The workpiece is pulled between the bar horn and the anvil. The horn typically
‘extends longitudinally towards the workpiece and the vibrations travel axially along the horn
into the workpiece. In another type of continuous ultrasonic welding, the hom is a rotary type

which is cylindrical and rotates about a longitudinal axis. The input vibration is in the axial

direction of the horn and the output vibration is in the radial direction of the horn. The horn is

placed close to an anvil which typically is also able to rotate so that the workpiece to be
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amount of energy which could be introduced through the ultrasonic horn was limited in order

to prevent the machine from entering into an overload condition. Consequently, the

20 throughput speed of the workpiece or product had to be reduced to allow enough energy to be

transferred to the workpiece to generate an adequate weld. In short, the process became
inefficient and caused product damage when the horn and anvil contacted one another.

~ To remedy this problem, ultrasonic welding systems were developed which

maintained a gap between the anvil and the horn. This gap was typically narrower than the

25 thickness of the workpiece. The necessity to provide a pinching (dr holding) force on the

product, while maintaining a separation between the horn and the anvil, required a large and

stiff support structure for both the horn and an{ril. The support structure was necessarily rigid,

to maintain the angular position of both the horn and the anvil with respect to each other.

Mis-aligning the surfaces of the horn and anvil caused poor welding and loss of product.

30 Similarly, attempting to adjust the distance of the gap in this type of system allowed an

unacceptable level of movement to be introduced into the system, once again causing mis-
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mountg Nng suffh@ce so as to prevent the pressing surface and the wel ding
surface fromcomng into contact. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention wAmotb@afsmh%the ewpnmm@dlum&mmue@roérf@mu@urttmgtaneﬂtehsamcng
20 figures ‘%ﬂer enced bel ow,
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ot her portions”in order to clearl y illustrate various aspects of
bearing surface is disposed such that the pressing surface is proximate to the welchng surface
15 The welding surface and the pressing surface are biased towards each other. A linkage
| structure links the first bearing surface to the first mounting surface so as to prevent the
pressing surface and the welding surface from coming into contact.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be fu'rther explained with reference to the drawing
20 figures referenced below, wherein like structure is referred to by like numerals throughout the
several views.

It should be noted that certain portions of the invention may be illustrated as
out of proportion with other portions in order to clearly illustrate various aspects of the
invention.

25 FIG. 1 is an elevational view of an ultrasonic welding system.

FIG. 1A is a cross-sectional view of a guide portion of an ultrasonic welding
systemn, as taken along line 1A-1A of FIG. 1.

FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1.

FIG. 3A is a detailed view of the area indicated by reference number 3 in FIG.
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t hrough wel di ng device 10 so aspEPAllES FFSCQRIFATON ext endi ng

One embodiment of an ultrasonic welding device is illustrated at 10 in FIG. 1.

15 Ultrasonic welding device 10 includes at least one horn assembly 12, horn assembly guide 14,

anvil roll 16 having longitudinal axis 17 (shown running into the page in FIG. 1) and
mounting plate 18.
Horn assembly guide 14 and anvil roll (or anvil, or roll) 16 are mounted to
mounting plate 18 so as to dispose ultrasonic homn 20 included in horn assembly 12 proximate
20 to anvil roll 16. In operation, web 22 (shown in dotted lines before being welded and solid
lines after welding) is threaded through welding device 10 so as to ride on axially extending
pressing surface 19 of anvil roll 16 between pressing surface 19 and ultrasonic horn 20. While
one horn assembly 12 is illustrated, any number may be utilized without departing from the
spirit and scope of the invcn_ti_dﬁ. Faceplates 24 are provided for structural support of horn
25 assembly 12, and may include stiffening braces 26. |
Pressure system 30 (shown in dotted lines in FIG.1) is included with horn
assembly 12 to drive the ultrasonic horn 20 radially inward towards the anvil roll 16. In an
alternate embodiment, a pressure system could be used to drive the anvil towards the

longitudinal axis of the horn, or simultaneously drive the horn and anvil towards each other.

30 This pressure system can utilize any number of methods to generate force, including utilizing
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roll 16, aswmbiyelouotardclialy the longitudinal direction (arrows 29¢ and 29f) about axis 29b (see
FIG. 1). Stop surfaces 31d limit this Jongitudinal rotation of horn assembly 12.
Bearer rings 32 are included as part of anvi] roll 16, and are mounted on
20 radially extending faces 34 of anvil roll 16 (e.g., by bolting, welding, etc.). Bearer rings 32 are
concentric with anvil roll 16, as best shown in FIG. 2. FIG. 2 illustrates a cross-section taken
through horn assembly 12 and is representative of any horn assembly mounted according to
the present invention.
Bearing rings 32 extend axially from radially extending faces 34 of anvil roll
25 16, forming axially extending bearer surfaces 36. Anvil roll 16 is machined such that pressing
surface 19 of anvil roll 16 and bearer surface 36 of bearer rings 32 each are substantially
concentric to longitudinal axis 17 of anvil roll 16. Additionally, the radial distance (indicated

by reference number 37 in FIG. 2) between the pressing surface 19 and the bearer surface 36 is

maintained at a substantially constant distance, preferably at approximately 3.169 inches

(80.493 mm), regardless of the rotational position of anvil 16. While the illustrated

embodiment shows bearer surface 36 radially spaced from pressing surface 19, it should be
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Horn frame 42 is part of horn assembly 12 and is secured to mounting plate 18

to provide structural support to the horn assembly 12. In one embodiment, pressure system 30
utilizes an air filled bladder 30A to direct horn 20 radially inward towards anvil 16. One side
290 of bladder 30A is mounted to homn frame 42, and the other side of bladder 30a is mounted to
support 39. Support 39 extends transversely (out of the page when viewing FIG. 2) across
welding apparatus 10 and then in the axial direction (as defined by longitudinal axis 17} where
it is secured to mounting plate 18. As air (or other fluid) is introduced into bladder 30A, it
expands, pressing against sugp;drt 39 and hom frame 42, forcing hom assembly 12 towards

25 anvil 16. |
Isolating devices 40 are attached to shaft portions 20B of ultrasonic hom 20. Isolating
devices 40 are used to isolate the vibrational energy of horn 20 from the remainder of horn
assembly, including horn frame 42 and faceplate 24. One type of isolation device is a set-

screw type nodal mount as illustrated in FIGs. 2, 3A and 3B. Set-screw nodal mounts are

30 adjustable and allow for a wide variety of materials to be used in web 22. Other types of

1solation devices, however, may be preferable in certain applications and may be used in the
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set- screw type nodal nmount as illustrate and 313. Set-screw
nodal nmoudt¥ 6cxié (Biradgtad),ald s, 34d Holubenat 4101 3, %W@(Slmh) enQIJapﬁnamPﬂemths to

be used |g¥€ﬁ 2. Oher types of isolation devices, however, my be

pr ef er abl ¢Brtain applications and may be used in the 6 21 F EB 2006 WO

03/ 026830 PCT/ US02/ 3380 heh AL InbEn A4 G Ml oland SRR I RSB

and scope of the invention l'es o er types of isolating devices

i ncliwde bhbrmlmgitodinkl a%is 46 ﬂlypmany,l gemmmﬂa- @uﬁhn&ﬁccﬁnhﬁﬁﬁi tmlhmlmstaﬂbugh U.S.
Pat. Nos. 5,603, 445 (H 1l et al. é 804, 131 (Cordenans de Meul enaer

al.), 5, sgyngpplleyts: Kioan heatings 4 |a¥e)dlsm>sachgr<=@zrcfcr@wﬂm ahgHbisglating @6@6@%@5
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non- nodal aggemiblpi2such as those disclosed in U.S. Pat. Nos. 5,976,316

(Minar et al.), 4,884,334 (Houser et al.), .3,955, 740 Shohlzl and Japanese
Patent JP 4- 267130.Amsh6 irseenred o mountingplaig ltSdJyrﬁbﬁﬁ gotepgrdthioyzhsed

Lo N tate hor a? n 38?%tqqir$a}| gg%ri? cg}%h r?ﬁ%lreésa E Lre to aﬁng}f Hﬁocf?é{l'lé gg&ﬁgnalmt or

44 | i nt 8¢ con t'hrough rrngs 49
are di sposggkcs éﬁ@tumtﬂrn?ntTﬁJl&aYlyahQUiotit&ﬁlaﬁklbd&G dfes\hhﬁeﬁ) 4R geal nowirg Hern 20

and isolatin evices 40 to rotate with respect to the renmai nder of horn

synchronized 5o as to provide substantially the same tangential velocity at welding surface 38a

of horn 20 and axially extending pressing surface 19 of anvil 16, so that drag on the workpiece

material (i.e., web 22) is minimized. Shaft 50 is rotationally fixed with respect to anvil 16,

20 and shaft bearing 52 is mounted between shaft 50 and mounting plate 18 to allow shaft 50 to

be supported by mounting plate 18 while still allowing rotation of shaft 50 with respect to
mounting plate 18.

As shown in FIG. 3A, bearer assemblies (or linkage structures) 60 provide a

linkage between mounting surfaces 38b of horn 20 and bearer surfaces 36 on bearer rings 32.

25 Bearer assembly 60 acts to isolate the energy resident in shaft portions 20b and mounting

surfaces 38b of horn 20 from bearer surfaces 36 and bearer rings 32 of anvil roll 16.

Additionally, bearer assembly 60 acts to supportably link mounting surface 38a of horn 20 and

bearer surface 36 of anvil roll 16. By providing a supportive link directly between anvil roll

16 and horn 20, a pre-determined separation distance (or gap) 62 can be maintained between

R LY welding surface 38a of hormn 20 and pressing surface 19 of anvil roll 16. In one embodiment,

gap 62 is set between approximately 0.0025 inch (0.0635 mm) to approximately 1 inch (25.4



assenbly 12. Anvil 16 is secured to nounting plate 18 by shaft 50 which
extends through .15 anvil 16 along longitudinal axis 17. Shaft %0 REBaM8sf er s

torque to @yidioedef roma rotational source (not shown). T%.ﬁ &2}5339t1he
rotational speeo’l 019 shaft 50 and gear notor 44 are synchronized s6 as to .

provi de substantially the same tangential velocity at welding surface 38a
of horn 20 and axially extending pressing surface 19 of anvil 16, so that o~
drag on thamipdépsndiog upamtherapalicgtione Notewhiat RlIG. S Axitheiwebriag be@hafittedGoias  *

ot at i Iy, fi it h t,. 1 il 1 20 haft b ' 2 i
mount ed e ek Shufeledsb SR ARkl et Broery 8 AR L bbb R Gerpi
support ed Rith FRPECt kOBICR RALS rebBeséhiati®c 81 the bttt bewegsdrairt E%\ri&fslﬁihﬁmaté@
with respect to nounting plate 18. As shown in FIG 3A, bearer "assenblies

(or linkage structurés)digossedquiedeusly, béantraasrsemblyweld masles tisolgfingudévaces0 38b

acts To | oBRAE SErsan SN LOPBeArinEn 1an 1P rpORe InsrasubYreR ARG B
surfaces f f - r g rd nvi |
ol | 16 iR asaill C6 Al ABRRLAF oF M AGRER AR BENERN plsoAfospebfacl
surface 384lbodf ibalatingderarecO. bHarrebeasingt 48 ext@ad ahmaanty kbauslahd ke pridys fitraees di ng

a supportive link directly between anvil roll 16 and horn 20, a )
pr e- det er i EWPPEP aingtG4o Peariag spresr po exigagy argmlarkypbort gt sHPEOHSMERaRddn 30

wel di ng sus. n ' f . f i I In
one. embod ered 3R bo UM BB R2 Sthd WAk S dN ahlily s 1y
t 0 appr oxi Ik Beiiridgs! 49 nd B&uihg 7spaderFEBarkOR re A0S HORB e NGRS USO HiR38AL
mm), depending upon the application. Note that in FIG 3A the web has been
om tted soseaend suppelt sngs §4 and bsin carjangtagn with bearinigspageabp facilitatedpgallatiop eof

not ed t hat bezrer aigenbl 68 dﬁécri bed with respect to FIG 3Ais

r epr esent alﬁr{} cHnEeh lﬁpﬁé‘?ﬂp A%FEr assenblies previously illustrated. As

di scussed previ ousl YEcRaaic@haR78eRRhYs Bihsidrsdli fhesudhapbriit 10 ifRvdpife ) in »
(having set-screw 41 a) and horn bearings 49. To provide increased strength

and st abi | ditegtipn parsBelite thedergituglinal 6uis of anvik | Gsangrom 20.i Frgemuicishaft 7@ o lges
Y]y, 0N A bl ) i P SeBhal LA I B
support riwgrifigs 78eAd TEh SBFGER afrulany aBs& RBeHitakhift ababtirsk lahé keHBRRAL
ring 64 and is  disposed axially between horn bearings 49. Second support

ring 66 exdiemdersadfrbed BOb.afbinst and second thrust bearings 80a and 80b are seated within

faceplate 24 and include annular rims 82a and 82b. Annular shoulders 83a and 83b are

diSpos;ed internally in aperture 71 and abut about annular rims 82a and 82b, respectively.

20 Threaded shaft collar 76 is preferably threaded on to non-anvil end 72 of eccentric shaft 70 to

secure thrust bearings 78a and 78b in aperture 7!. Thus, annular shoulders 83a and 83b in

combination with thrust bearings 78a and 78b prevent the transverse movement of eccentric

shaft 70 within aperture 71 while allowing rotation of eccentric shaft 70 within aperture 71.

Cam follower bearing 84 isW;;r-ess fit annularly about anvil end 74 of eccentric shaft 70.

25 Follower surface 86 of cam follower bearing 84 engages bearer surface 36 of bearer ring 32.

In operation, horn 20 (as part of horn assembly 12) is driven radially towards

anvil 16 (FIGs. 3A and 3B), in the direction of arrow 94 by pressure system 30 (described

previously with respect to FIGs. 1 and 2). Thus, faceplate 24, isolation device 40, first and

second support rings 64 and 66, bearing spacer 65, horn bearings 49 thrust bearings 78a and

30 78b, eccentric shaft 70 and cam follower bearing 84 translate inward as well. Rotation of homn



10 horn bearings 49 and bearing'spacer 65 and is press fit onto horn
bearings 49. First and second support rings 64 and 66 in conjundi biB 0k h

beari ng sRRE@s08Rs3§acilitate installation of horn beari ngspﬁ-ﬁms@gsgl
faceplate 24. Eccentric shaft 70 extends transversely through aperture 71 in

faceplate 24, in a direction parallel to the |ongitudinal axis of anvil 16

and: horn 20. Eccen ({%’I ¢ shaft 70 includes 15 non-anvil_end 72 and anvil end
74 EccentdVjigselped from facep by hern hganngs40. dlyasonioribratippsare 199654 58 78a

and 78b d|f§ ?ﬁl@gzgggwoﬂ éégpgghoeccentrl c shaft 70 at first and second

shaft dianeters Irst and second thrust bearings 80a and 80b

.are seated within fSinepdcatnridshafid oxasitheoihiadeplata A4 afot@ued dGkward
Annul ar shoul ders 83a and 83b are di sgosed internally in aperture 71 and

abut aboutfom#ﬁ}rwlatqdfbm@gbtwbga;rblgsﬂ gp@tt?&h;écr@yﬁcermc aimﬁ&é)cp@df splifte caml | ar

76 1 ref.erab thre nto n 72, of. e haft  70..to
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83a and 83beigag e§&!§ﬂir@ﬁifh&n3%ftﬁéa¥éﬂﬁﬂ t32bgﬁ:%ﬁlﬂfg 8RRt afBRoPERURIIE chrie
transverse m)verrent of eccentric shart within aperture 71 while all ow ng

rotation dbllw@mnng%r@mfdmwbtmmg&allpmenmmtocamtdwithmsgtctnelmamg 84
is press fit utaV|I 74 of entlcsh t 70. || ower
surFnce. 8@ SIHRADT ERso TP Ry st aubha Jer HEER s Sufe Blbw e iyl or
ring 32. chp fBHG{v@FBéﬁﬂng h@Eﬁ%ﬂ%Qs ﬁﬁcrgﬁfﬁécé}jé SPEAViRES RO adsehdbly 13, idEL YRR

radially towards anvil A and 3B), in-the di rectlon of arrow 94
by m()essur}mnsmisq»reﬁﬁ:te(cﬁﬁemrfum mmmnbuﬁhydmcttlnme‘sam&t%o FIG. 1 and 2).

Thus, faceplate 24, jso on devi c rst and e rt r| n s 64
and 66, bearing spac r@ ta ﬁ%ﬂaﬁ‘t’lﬁ’éa‘fﬁ‘t ‘htj he betrer aﬁ‘&ﬁ‘i’ﬁhg@%‘% t?' 78b,

corent 11 < i Al AP sulon f"?@%fng"%a%ﬁ“f%%%%%@?@% 53 5%9‘3“‘

i sol ated fmamtihgcerfacet38bafhdry 20engageebedraguriaSe 36.bianad d6befow welding smsacar e
i solated from faceplate 24 by isolating device 40. Since eccentric shaft 70

ext ends t RPB@hROMELEnEREes passe sistace d P of anyil. dhisraliows radigl fascesdo transiale at ed
thrqtégh t rl!éts.ili H’ ﬂlrﬂoplggss%rﬁgiyéaq? mrléxgh gﬁﬁﬂ@éﬂn afnﬁﬁg%q #)p?&gntfl Inla}fé

cam 5 fol ower sur ace ower arin
is transl a;teﬁ:@laehwmdgumtfade 38k of hgagMEanigsreSingSuifad€ €0 3bawfil. bear er ring 32

preventing further Ilﬂ'\é\\l?ern?lng[t)l'\l/ce&eggfgen?;nt%?’r\geldmg surface 38a and pressing surface 19,
prevents the spiking of energy and subsequent overload of the welding device as well as
preventing damage to the workpiece, as was discussed previously. Simultaneously, since horn

20 20 and anvil 16 are in continual engagement, the design of the support system of the welding
device 10 as well as the pressure system 30 can be simplified. For example, since the horn 20
is allowed to translate inward until cam follower bearing 84 engages bearer ring 32, pressure
system 30 can be set to provide a level of compressive force to web 22 well above any
reactive force generated by variances in thickness of web 22 or by runout of horn 20 or anvil

25 16. Runout occurs when the horn or anvil is mounted such that rotation occurs about an axis
slightly off center resulting in eccentric rotation. While the various components of the
welding device 10 (e.g., bearing rings 32, horn 20, anvil roll 16) are typically machined to
eliminate run out, slight variances can still occur. The ability to overcome these variances due

to web thicknesses or slight eccentricities as well as the ability to maintain the pre-determined

distance when *holes” in the web would otherwise cause anvil 16 and hom 20 contact

(thereby generating an overload condition) allows the welding device 10 to be run at a higher



foll ower bearing 84. Camfollower bearing 84 allows anvil 16 to rotate with
respect to bearer assenbly 60. Thus, follow ng the sane rel ati onalf FE8t2005
backwar ds hl ower surface 86 of camfollower bearin S
bear er surfa% %% on anvil 16, horn assenbly 12, including * ﬁﬁsg?%ﬁgg S
prevented fromfurther novenent in the direction of arrow 94. The radi al
separation distance of the bearer assenbly 60 (i.e., the distance between .
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wel di ng surface 38a Afldinonaily?8ineechppressvatipress afemeng 4pphitd divodtly.beRyeenehnt i ng
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t he agement of wel urface 19,
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when the horn or anvil is nounted such that rotation occurs about an axis

slightly off center W@sml&&amg wrneg@eﬁﬂr(d@scnb@@fur@nr Withirespeette Ri@r Sadiow

corrponents of .t di ce 10 n S, 3 hor .20 nvi |
rol | 16) aC(ée"[tVf)ﬁ?ﬁ :I?ﬁg% Y?BOP%r% Oﬁﬂqﬂlgf ulr'? ‘%u’f %P‘Plér??ﬁ) ?fﬁ?]i?yd can
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pre-deter rthmémecsmndxf atrawy. Mqu bdaoirassenibly 6|B|es uwgbd wdidlly cotwhand disetiombzke
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Put anot her way, the inventive nournting system el |m nates overl
as wel | aglesmitredavinh meppeetabiKIGspt add@) foigepborma20 hadyslbyr inward (direction 94) to

maintain follower surface 86 of cam follower bearing 84 against bearer surface 36 of bearer

ring 32. The inward movement of horn 20 decreases the distance of gap 62, as illustrated in

20 FIG. 3B.
FIG. 4A is a view taken from anvil end 74 of eccentric shaft 70, illustrating the
use of eccentric shaft 70 to translate the bearer assembly 60 radially inward or outward (i.e.,
“lengthen” or “shorten” the bearer assembly 10). As illustrated, eccentric shaft 70 has a
central axis 100 disposed thfdt_:gh the center of anvil end 74 (the eccentric end) of eccentric
25 shaft 70 and a longitudinal axis 104 about which eccentric shaft 70 rotates. The distance
between these axises is commonly referred to as the “eccentricity of the shaft.” As illustrated,
disposing eccentric shaft rotationally so as to position central axis 100 of anvil end (or
eccentric portion) of eccentric shaft 70 radially outward from longitudinal (or rotational) axis

104 of shaft 70 defines a first distance 108 from bearer surface 36 of bearer ring 32 to

30 longitudinal axis 104 of eccentric shaft 70.

10



web throughput than was attainable by previous ultrasonic wel ding devices.
Addi tionally, since conpressive forces are being applied directlyqlpepaen

the 5 horygRrsohdsse anvil, the support structure (i.e., m)unf,t PRIs 5& Aks 18,
shown previously) does not need to maintain the axial angul ar position of

the homrelative to the anvil. Instead, this relative angular position is
maiznt ai ned by the bearer assenblies. As a consequence, the support

StFucture for the hofEsrennis shaf 795en be miated hy theRRegatoabhout loneitedingl Biso\de a
| arge amoypg;, cgf'ltr?t 4fif 1885 &%§M§1h”§xaﬁnﬁjksaﬁlsg@s%ht 3981)518993%%ﬂ8| F@mrdeﬂU&ed in

size and in cost Trom that required 1n previo rasoni c

wel di ng s)iehginelindl\axiy 198 mﬁafwommamaﬂ HGOe4B Rveding wectdntiic whdfh7¢ sfgct to
FIG 5) allow eccentric shaft 70 to be rotated by an operator, forcing the

bear er asJB#fley defingsatibesong laravraélatammllm&om besser swifage 34r9f dramn rise 33| foowi ng

th t di al |
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follower bearing 84 is allowed to nove radially inward (direction 94)

pressure ss‘ysﬁaeﬁrri%of(hﬂa@nrmgsizwan deveried frdmbpet Wegrelisedistance F@&I&shown anfl®)
forces horn 20 radi n rd directi 4 mai nt ai, n face
Be. of cam A mgerorienes Bl s A B FIGD AR, This isite Snap dsbus i Varhls' 3

The i nvar dj; spyeaat "quus hLHE nle%?thd%?ﬁl%%rtag@cnﬁiﬁ 56 4r8n 9iheB W2 theAfistance

illustrated in 20 FIG 4A s a view taken fromanvil end 74 of
eccent ri c deliméd by beared assrsnlnlatéi)rbgtw&m maiBking sudasecy$braf hogh2(f andkatey stnfaoes| at e

the b Ly 60 d d t d(i.e., | " ,
*ahor t on 162 BB CTRE Rty AEETAG: S RPlsde 1Y e MeeB fbrE SHEMEY £ Bas a
t | i t
contal - ax 00 A sROne 76 ILOUNIAERE L 85l AL 19R0 k) 1808RRI 11 ¢

end) of eccent |naI axl s 1 4 out whi ch

eccent ri c dloakthe/sherababeadjusilihe side of gapok2 (abplevidaslytdiszassed xiithasspest toddgnn| y
referred to as the "eccentricity of the shaft.” As jllustrated, dis SI ng
eccentri c nand 3B)ovhile Sél#élonynwsbfsm@latayusgwmpoae\fﬁlmbemeél 2y 16and; end

o ua oo 1 upeichith, GRAAR TR b 8 bOG ALy A BB cop
108 from heaid sr@imrnﬁagslsaé% tdeAEE thelecBehtddnt of sha 7bongi t udi nal axis 104 of
eccentric shaft 70. 10 WO 03/026830 21 FEB 2006

FIG. 5 illustrates worm 88 and worm gear 90 used in combination with

eccentric shaft 70. Worm 88 preferably has knob 114 attached so as to allow an operator to

easily grasp and rotate worm 88. Teeth on worm 88 engage mating teeth on worm gear 90.

20 Worm gear 90 is press fit about or pinned to eccentric shaft 70 so that it is locked rotationally

to eccentric shaft 70. By tuming knob 114, ridges of worm 88 drive worm gear 90 and

eccentric shaft 70 either clockwise or counterclockwise (as when viewing FIG. 5) depending

on the direction knob 114 is rotated. Thus, the operator can adjust gap 62 without

disassembling of the welding device 10. Adjusting the length of bearer assemblies 60 on

25 opposite ends of horn 20 (as illustrated in FIG. 2) allows the operator to manually compensate

for any variation in dimensions (i.e., due to machining tolerances, etc.) in horn 20 or anvil 16.

In other words, the operator can slightly rotate the hom assembly 12 along its longitudinal

axis (as discussed with respect to FIG. 1A) to adjust the angular relation of welding surface

38a of horn 16 with respect to pressing surface 19 of anvil 16.

While one adjustment embodiment has been discussed with respect to bearer

assembly 60, it would be understood by a person skilled in the art that other adjustment

11



PCT/ US02/ 23891 Eccentric shaft 70 can be rotated by the operator about

| ongi tudi nal axis 104 wuntil central axis 100 of eccentric shaftg YGEBR006
di sposed g adially inward from |ongitudinal axis 1 i t 70,
as shown iﬁﬂ%ﬁ%@i%%{ Rotating eccentric shaft 70 in this naﬁﬁg?-%%ﬁgﬁes a .
second | arger distance 110 from bearer surface 36 of bearer ring 32 to 5
| ongi tudi nal axis 104. It shoul d becone evident that by changing the

r ot at i onal Msdwids iconlddte usedwithowt depatiiaitirono thet spiritaing seeRrecofiihe akams (e.g., taper

| ongi tudi nal _axis 104 of ecceniric,shaft 70. .and it surface 106 aof beayer
g 32 cafvesBel et aiasRnE Shipbn i P s R Ren Y 1R Froenfen. Sk
and secondyfisst, aROsalet AsscABAY60 Edh B3 foc Jhich Rt SheoipRrAA e cdef ided as
vari abl e di:tance 112.SThus, t he "Ienggﬁbﬂ%f fhé gearer asse&bl? g%fﬂﬁg in
ot her wor dthe lemgsh aif shealreaser Bseddfly A6 aobipcty @auefaceaes thedhon 68 ibebevaahilevofmhei ng
surface 38p of hornb20 and beaépr surface 36 of anvil 16 can be varied. An
oper abor i 864 ass4mbly yersus dieqtly ronfactps paurfase oBeABYY 60 by rotati ng

eccentric shaft 70, t h ' - ieSit hqr apvi
16, “This allows the GRLRRuLE"ARGARR Wee iflRUBICRap SEAERRS"PAR S2pET 0ty
di scussed wértinuvesweldingtppodektilizid@\a enary3Bin avdl dneil Sithdritypes of nlrasonid welding
mai ntai ning a supportive |ink between anvil 16 and horn 15 20. In this

conf i gur at feMcesvary hepeedgyitheuidsparting;from thespirbang sqopsf theelgih(eshi wangap
62 can be J: nd i s.also equal to twice the eccentricity of shaft 70.
FIG 5 illﬁ§€¢§§%§9%§?%P )and wor m gear 90 used in conbination with
eccengric shaft 70. WihBu@Pchepedsentdhientionhakbedh dédcdtibrt WatieferéRe &Spreferali| ow
an operator to easily grasp and rotate worm 88. Teeth on worm 88 ‘engage
mat i ng t eeembedimeptsnwvgekers sg0leddn themriw Blaaeogidze thatsharges fay betmade inforpianded
to eccentric shaft 70 so.that it is.locked rotationally to eccentric shaft
70. By turﬂ?tﬁ'ZWRWBBt ‘%P&‘?mﬂgi Eodgéheoﬁplﬂi)msﬁgp%?éﬁﬁc%gpﬁﬁ gear 90 and eccentric
shaft 70 either clockw se or counterclockw se (as when viewing FIG 5)
depending on the direction knob 114 is rotated. Thus, the operator can

adj ust gap 62 without disassenbling of the welding device 10. Adjusting the
| ength of bearer assenblies 60 on 25 opposite ends of horn 20 (as
illustrated in FIG 2) allows the operator to manually conpensate for any
variation in dinensions (i.e., due to machining tol erances, etc.) in horn 20
or anvil 16. In other words, the operator can slightly rotate the horn
assenbly 12 along its longitudinal "axis (as discussed with respect to FIG

| A) to adjust the angular relation of welding surface 38a of horn 16 with
respect to pressing surface 19 of anvil 16. '30 While one adjustnment

enbodi nent has been di scussed with respect to bearer

12



assenbly 60, it would be understood by a person skilled in the art that

ot her adjustnent 11 WO 03/026830 21 F E B 2006 PCT/ US02/ 23891 netp EE ﬂ@ﬁld
be used without departing fromthe spirit and scope of the clains F .%.,
taper (wedge) bl ocks, replaceable shins, |lever arns, differential screws,
thermal expansion, etc.). |In fact, the bearer assenbly 60 can be
reconfigured such that the apparatus utilized to adjust the length of the
bearer assenbly 60 contacts a surface on the horn, or in the mddle of the
5 bearer assenbly versus directly contacting a surface on the anvil.

Addi tionally, although the invention was described wth respect to a

conti nuous wel ding process utilizing a rotary horn and anvil, other types of
ultrasonic wel ding devices may be u%ag$ﬁh hout departing fromthe spirit
and scope of the clainms (e.g., scan g using bar horns). 10 Although
t he present invention has been described with reference to preferred

enbodi nents, workers skilled in the art will recognize that changes may be

made in fonm andAndgp@hths%ﬁlbﬁmgﬂeparti ng fromthe spirit and scope of the
clainms. 12 2 1 F E 6 2006 CLAI M5 An apparatus conprising: a support

structure; an ulasupporisu¢torey i ncluding a first nounting surface, the

ul trasonic horn nounted. to th u t structure, an anvil spaced fromthe
Ul trasoni ¢ hor n, 3 FIEESERA Fom iriladiin 8 Hstpoetiing suriare, du irasonit Borg moynieds
bearer assenbly suppogtiadlihbitdiR@rd:he first nounting surface to the first
bearer surface, the first l%I?(glg{rer asgénbl y configured to adjustably establish

a fixed m ni murangayillspacwedron e Wtrasoninbbornheanvil incduding g fircithebres surfkceone
of the horn and anvil relative to the other of the horn and anvil. 2. The
apparatus of claim 1,308herein the first bearer assenbl y further includes:

a first bearer assembly supportably linking the first mounting surface to the first
bearer surface, the first bearer assembly configured to adjustably establish a
fixed minimum gap between the horn and the anvil during rotation of one

of the hom and anvil relative to the other of the horn and anvil.

2. The apparatus of claim 1, wherein the first bearer assembly further includes:

an isolating device secured to the first mounting surface;

an annular hom bearing disposed coaxially with respect to the isolating device;

a cam follower bearing inclu&in g a follower surface disposed proximate o one of
the first mounting surface and the first bearer surface such that the follower
surface is engagable with one of the first mounting surface and the first
bearer surface; and '

an eccentric shaft supportably linking the annular homn bearing and the cam

follower bearing.

3. The apparatus of claim 2, and further comprising:
a welding surface disposed on the ultrasonic horn;
a pressing surface disposed on the anvil; and
wherein rotating the eccentric shaft varies the distance between the welding surface

and the pressing surface.
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an isolating device secured to the first nounting surface; an annul ar horn
bearing di sposed coaxially with respect to the isolating device; 78 &8l
foll ower bearing including a foll ower surface di sposed proximate to one of
the first nounting surface and the first bearer surface such that the
follower surface is engagable with one of the first nmounting surface and
the first bearer surface; and an eccentric shaft supportably |inking the
annul ar horn bearing and the cam follower bearing. 3. The apparatus of
claim 2, ahd fuThhappacanpef dainyl and fwtiedcompasingace di sposed on the

ultrasonic horn; a pressi.n sga:qfeacg di s&osed on the anvil; and wherein
rotating the ect&FORY BQURURE syritcedad argeldingsuHaces Hepared AN theulitasinkor8ur f ace

and the pressing surfgasgin &,g “?e}diﬁg!?uﬁ%% ﬁlasgl&% t%ﬂgé‘er at}hgi’lr&fméﬂnﬂg?g | Sd

further conprising: a second nounting sur e and a e i'ng sur posed
on the ultrasonic hotim the wb@hdimounti@gwatigéedg surface i s di sposed between the
first nmounting surface and the second nounting surface; a second bearer
surface and a p? &esond geater fusleee andpprrssing surfacs disposed onherasivil, whereinghessi ng
surface is disposed between the.fi.rst | er rface and the secqnd bearer
surface; and a second Badr %“r’%aﬁgése‘?éﬁ?‘iﬁegﬁg‘%el”*{‘ﬁ? {’Isfﬁ?ﬁi%sd’r{]aﬁ%agcg@’(gﬁamnﬁ
nmounting surface to pdager siFacigndpearer surface. 5. The apparatus of claim1l
and conprising: a plurality of ultrasonic horns. 6. A nethod for nounting a
rotary ultrason secerd béarer dsssmbly snppartabhgtinkseg thei segondmouhtingaswface tchhe n,
having a wel ding surface,and a first nounting surface, to a support

structure; disposi ng*4PGPEATS WEGFg a pressing surface and a first bearing
surface such that the pressing surface is proximate to the wel ding surface;

5. The apparatus of claim 1 and comprising:

a plurality of ultrasonic horns.

6. A method for mounting a rotary ultrasonic welding horn comprising:

securing the ultrasonic horn, having a welding surface and a first mounting surface,
to a support structure;

disposing an anvil having a pressing surface and a first bearing surface such that
the pressing surface is proximate to the welding surface;

biasing the welding surface a}xd the pressihg surface towards each other;

linking the first bearing surface to the first moﬁnting surface with a linkage
structure so as to prevent the pressing surface and the welding surface from

coming into contact, forming a pre-determined separation distance.

7. The method of claim 6 and further comprising:
adjusting the pre-determined separation distance by changing the first linkage

structure length.
8. The method of claim 6 and further comprising:

linking a second bearer surface disposed on the anvil with a second mounting

surface disposed on the horn by using a second linkage structure.

14



bi asi ng the wel ding surface and the pressing surface towards each other;
linking the first bearing surface to the first nounting surface with a

| inkage structure so as to prevent the pressing surface and the @dl[EBZ05
surface from comng into contact, formng a pre-determ ned separation

di stance. 7. The nethod of claim6 and further conprising: adjusting the
pre-determ ned separation distance by changing the first |inkage structure
| ength. 8. The nethod of claim®6 and further conprising: linking a second
bearer surface di ed t.hecanvil ..wth a.second nmounting surface

di sposed o ’theqhgg% 0yd %2".‘%8‘ %agétugwgrfg?rﬁﬁgégg‘structur e. 14 21 FEB 2006 9.
The nethod of ch@ubtifk @BIpdtiH sERIatiI Mtk ) chddpingtthd Arst Nk tuddure
separation distance by changing the first li'nkage Structure ength and the
second |inkage struclangth arehidielsecand linkhge stotchvrd lefgtiel ai m 6 and furt her
conprising: providing a rotational connection between the horn and the
support structure. 15

10.  The method of claim 6 and further comprising:

providing a rotational connection between the horn and the support structure.

15





