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METHOD FOR MOUNTI NG 5 BACKGROUND OF THE | NVENTI ON The present invention
rel ates twouBte@soni c horns. More particularly, the preserCT/USoyesshi on
relates to nmounting an ultrasonic horn. In ultrasonic welding (sonetines
referred to as "acoustic welding"), two parts 10 to be joined (typically
thernopl astic parts) are placed directly below a tool called an ultrasonic
"horn" for delivering vibratory energy. These parts (or "workpi eces") are
constrai ned between the horn and an anvil. The horn transfers energy to

t he wel ded PETARYDOYLTRRHAIIEI HERNAMOUNTINAtAPRERATVE At METHRD EPpIMOBERINGN of

ul trasonic energy, typically from between approximately 20,000 hertz to
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and fed through the wel ding apparatus. In continuous welding, 25 the
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of the horn. The horn is_ placed close tg an anvil which typically is also
abl e to r®eukpisce 1ﬁgprcpﬁéo%qtm}é@§ tp@). e energy is imparted from the tool’to the

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 horn 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 horn is a rotary type

30 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



1 WO 03/026830 PCT/ US02/ 23891 wel ded (or bonded) passes between the
cylindrical surfaces at a linear velocity which substantially equals the
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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 (or 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 anvil. 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-



M s-aligning the surfaces of the horn and anvil caused poor wel ding and

| oss of product. 30 Simlarly, attenpting to adjust the distance of the gap
in this typasmokessystem al |l owed an unacceptabl e | evel of moTarseze3svo be
introduced into the system once again causing ms- 2 W 03/026830

PCT/ US02/ 23891 adjustnent of the surfaces of the horn and anvil. It is
desir abl edd&l}sprﬁéxﬁ%?{h%’su}fgceg roPt\ﬁ'e g&'n%nggﬁvig.olt isrgg%i%tblﬁﬂlewf&reat%%ﬁ&ﬁdé.'&)&/%{ t%eXt . to
an anvil 'S al. a gap I's naintai ne et’'vween e Nnorn and tthe anvil, while

mai nt ai Nifgurit AL ukAgsHi@ho @8k titb amardfil solkat AQamiswhditaines pe&dicet the hbg aad el |
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fromthe ultrasoni c hor nBRIEE SUMMAREORTHEMBIVENEHON surface. A bearer
assenbl y supportablly links the first nounting surface to the first_ bearer
10 surface. Anot herThedpesntionincluses pmapparatescompeisingas uliraseripbernf die hdiint i ng

an ul trasonic | di n orn .conprising securing.th [ tr ni.c. horn,t,0 a
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surface. tHRhRYportetiige andd$pRsed REMSUE i oMb Gosh. f THS hnvibiRard fi@t Betrdrace i s
di sposed such that the pressing surface is proximte to the wel ding

surface. suagheAvshudr aspemblyf supporabdy tipks the disssimepnsing Sadecedp hapliess behrerowar ds
eacg other.fA | i nkage structure links the first bearing surface to the
firs?! moudlfPfy surface so as to prevent the pressing surface and the
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The present invention will be further explained with reference to the

draw ng wedingdormeompriseressewrtngsb sivasathehemio p sioststiyeturs: dhedioreliasiar ed to
cortain pPUREIATGEE THE TAvERTTgR SEFeban T Teyie s R sl g R A | on
W th ot hegeafdfg LuirRi0S isl disps&Bfuch atth€preksing durEhSt [shSxiMate 1o e vaSHIAE biifE. t he
invention. 25 FIG 1 is an elevational view of an ultrasonic welding
system 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 further 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 adetailed view of the area indicated by reference number 3 in FIG.

30 2.



FIG IAis a cross-sectional view of a guide portion of an ultrasonic

wel ding system as taken along line 1A-1A of FIG 1. FIG 2 is a

Cr 0ss- secwioanabkessd ew t aken along line 2-2 of FIG 1. FI G peAtise2/=238det ai | ed
view of the area indicated by reference nunber 3 in FIG 30 2. 3 WO
03/026830 PCT/US02/23891 FIG 3B is the same viewas FIG 3A, but with a
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of the anvil. FIG IS an el evational view of a po earer
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el evational view of_a portion of the bearer assenblg taken from the anvil
end of the eccent rildGsAAft an deyatiogaliviews of3 prytoRr etthe Beaser aseanblytakemBoBear er
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enbodlne Xhhl mﬁ«ﬁh@?%xﬁggg?ﬁ%? the present invention are also

contenpl at ed as NIG 4Bns dhdlediti®onalssdwBf a gdition of the beser Bsdmitdg eikes fram 10
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enbodi nments can be |s t kl|| Lthin
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DESCRI PTI igbht{fd Rabiagds B&ﬁbnﬁ)f)n@ﬁrdﬂérﬁeﬁ&ﬁlﬁﬁw&né‘bm sthéxEnetddirgents 6f itelpissenat ed
at 10 in FIG 1. 15 Utrasonic welding device 10 includes at |east one

horn asselnmrylonzare plsp rcoa@mlmq; aguioted IMhe disayssiony oTllns ﬂ&id?émierrgesents an

| ongj, t udi XIS unnln into nting
oragh' e MR Soliph SR e et e By R s ot {eftesero Rt and BYE L1
nmount ed tIthMnNuEiﬁzr@lsthl‘ﬂ:rl&dmaﬁ&staﬂd inbsentd cd tRsdeised hyahssedRilledi uded
in horn assenbly 12 proximate 20 to anvil roll 16. In operation, web 22

(shown i nthelerttvduch faH eithie therseopredndgpini 1o éhe paingipdes afdhis investiert-t er wel di ng)
or essi ng. surface 19 of anvil to AEERRERERI RS ng sur face 16 and
ul trasoni c horn 20.oMNéhsodi@BR JFah DltASSREWEMinkdlehie id illUfaiaitae 4o irdFIG. nunber
may be utilized without departing fromthe
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 horn 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 invention. 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



spirit and scope of the invention. Faceplates 24 are provided for
structural support of horn 25 assenbly 12, and may include stiffening
braces 26woRBm3esas e system 30 (shown in dotted |ines in FIPGTA)So2/2389ncl uded
with horn assenbly 12 to drive the ultrasonic horn 20 radially inward
towards the anvil roll 16. In an alternate enbodi nent, a pressure system
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’ FIG. 1). Stop surfaces 31d limit this longitudinal rotation of horn assembly 12.
Bearer rings 32 are included as part of anvil 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

30 (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



t hrough horn assenbly 12 and is representative of any horn assenbly nounted
according to the present invention. Bearing rings 32 extend axially from
radi al | y wotsndéisag faces 34 of anvil roll 25 16, form ngpratisok/g3sext endi ng
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
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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
20 of bladder 30A is mounted to horn 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 support 39 and horn frame 42, forcing horn assembly 12 towards
25 anvil 16.

Isolating devices 40 are attached to shaft portions 20B of ultrasonic horn 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

isolation devices, however, may be preferable in certain applications and may be used in the



utilizes an air filled bladder 30A to direct horn 20 radially inward
towards anvil 16. One side 20 of bladder 30A is nounted to horn frane 42,
and t he owbes/gisse of bl adder 30a is nmounted to support 3PCTSiSppzAsH1 39
extends transversely (out of the page when viewing FIG 2) across welding
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devices 40 are attached to shaft portions 20B of ultrasonic horn 20.
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| ongi t udi Hat e{%i § 46. Typically, gear notor 44 is interconnected to horn 20

through tining pul Agyl #@is skured keabunigg plite a8 &y dhsP S Qthich dxedadt eireuhi al |y
about isolating devices 40, allow nfg horn 20 and isolating devices 40 to
rotht e wianvilrléspensg longitudieal psive/nddalt 30 trapsiers tagierid pyvill Y6 frap4 rotatienpls

ate 18 by shaft

seour e | SuBUILL IR AR B UhF D S R s 2 2
rot at i onadynchronized so 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
30 welding surface 38a of horn 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



source (not shown). Typically, the rotational speed of shaft 50 and gear
notor 44 are synchronized so as to provide substantially the sane

t angent i avowsloeesde y at wel di ng surface 38a of horn 20 an@caxisat/b3gol
extendi ng pressing surface 19 of anvil 16, so that drag on the workpiece
material (i.e., web 22) is mnimzed. Shaft 50 is rotationally fixed with

respect tQ n apg?%g%_g&% tﬁg ?ﬁapﬁﬂﬁﬂ 1. ?Iﬁgtrg:sﬁ%g br?glgg %An%%e%qlég %Eé’x\ﬁgﬂltt?,?% hs 20

and rmount’in 0 ow sha € “supported by nounting plate

18 whi | e wicidatly aldsaudeagp 6Dt Addiaenadly, i$ ltafuld Bebhotéd thatbesieessserhbly 60denatibéy
plate 18. As shown in FIG 3A bearer assenblies (or |inkage structures) 60
provi de avithrespesgto HFHEx 3 dsrepissentatig of theroshes beamerpstrmbliss Rreypushydllwsaaied,

surfaces 36 on bearg%gkitc&%%% ??eviougg,o%ggrelegssgég _ Ymﬁ%feg%ﬁat%%b&eo?&a&& t he

energy resident in's I ons b~and mount’i hg surtaces horn 20

f r ong bear@aviggkétachsv ) aidl hbrdaetfingsi 499 ToptoBitle fitvdabed DlehgthGnd stability in

Addi tional ly, bearer assenbly 60 acts to supportably Iink nounting surface
38a of hdrearezessambly Gk Brsesuppartiriag &4 sedisgosetharnularkyjapout@nd pressfiitdq peteiface
supportiveg.link directl et noanvil.sroll . 1 f

ot o det er pbrid oL tar S 85 RS e o Rl SRR wBl Andids et i opioen 30

wel di ng sfirsf appoRSiag@h. Behringéhaddtthsixemab ey Aoat At §fppanvink 64Qhd isL6. In
one enbodi nent, gap 62 is set between approxi mtely 0.0055 inch (0.0635

m) to apfsesehatiallybetweanchory bearings 29 \\8raoad opmRaoinE@y wgmds asgdaly abejpt

dependi ng _upon_the appl.i.cat.ion. No that in FlG 3A 1he. webh.h ee
onPEd o o R PRt LR e SeacPEbE AR wb® fil e Hoim, indF ol R0
not ed t hadechRBYBporeH BN dnd 66 inlesiGuriches withibiringepRes b5 FRilfthteinsMatisn of
representative of the other bearer assenblies previously illustrated. As

di scussedhqsh bedrings #§ intpéapeplateaddsenbl y 60 i ncl udes isol ating device 40 5

(havi ng set-screw a), .an n.bearings 49.. To.provide.incre strength
and stability in b %F%)tpcggésfgﬁ%%;e@éFraxfs%?rgélygﬁ% r e_ﬁlrﬁzlgﬁﬁ‘fegﬁlgﬁe%pglsaed
annul ar | ydialaoh paatk] s &8 Sonfithdingl KW Fandid C€andhben 20. EehaitisRgt TEMtage0.
Horn beari ngs 48 ext end annularlégabout and are press fit onto first

supbort rianganyi en@ddpndanvdlraded. Ecenieshad 7AnneHpapited biplbist ardi seeandshpisior t
ring 64 and.is i S d,.axi al | e en harn .beard ngs. 49. Second. support
i oa aRthd TS AR AR Bl e iR B2 RS SRl P8R0 B0 4T R0t AP 65
and is pragdetelst 80341 $OY. NFRGadndN@SorOthrisk be4rimk B0a HRA BB HROAED withigs 64

and 66 in conjunction with bearing spacer 65 facilitate installation of
hor n bearfeerpiate 34jand gn¢ludepimas roms 82a and 82b. Annular shoulders 83a and 83b are

disposed 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 71. 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 is press 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 horn



Eccentric shaft 70 extends transversely through aperture 71 in faceplate
24, in a direction parallel to the longitudinal axis of anvil 16 and horn
20. Eccemwpios/ozdsadt 70 includes 15 non-anvil end 72 and aaTiusopeisoir4.
Eccentric shaft 70 is supported by first and second thrust bearings 78a and
78b di sposed annul arly about eccentric shaft 70 at first and second shaft

di t £ Fi i -
seatod i 1 BoRPELENR S PR poRhel 10 PheREC VAR A AN RoR P,
shoul der sfa8gtatand bg Molaing dedicsposed internally in aperture 71 and abut

about annular rins 82a and 82b, respectively. 20 Threaded shaft collar 76
i s preferably threaiBer ShEREC shafl 7Qewiendsethepugb faseplate ed ptappigurs if hidowpwyaidy

secure t t. i i r . ders
S5a na. atcts RERAR R IR Rl bl Ds PRRTSY & oLlenyIWitr 7Ny RN 1F
transver sfollowwicharihg 8. Bstloart siurface 8h1af dam/ollvwvértticarigyBrit taslatel ikadd@ntil

allowing rotation of eccentric shaft 70 within aperture 71. Cam foll ower
beari ng gaengagpy eepserisprfagenioofienier 588 de. praventing derthes inyyard spevgmenicofopax t 70.

25 Fol | i ng; 36
of boar or'ol Py U3Re £ Glon RAMMPbRIERASARYL BRCA, CRABESIUNERE PR, 2
driven r adiahbly 60O0TRIsHfolloting the d6nd felabBnal pAshdackwilels, onde félltevedburet 8Os of

arrow 94 by pressure system 30 (described previously with respect to FlIGs.
1 and 2).canhigtlowerkaapng fé epgages basraisiigaceddancavid 6, fqm assembly 12 webwing
support rin 64 and 6 [in . hor.n I 49 t hrust
bea??ngs ngagﬁ%mﬁﬁﬁyﬁﬁ?mggﬁ%%r?@%ggﬁg%?qgﬁm%ﬁgoggﬁgﬁgp%%MBr bearing 84

translate i nward asThefadial RgfadtioArdifindaqstithe Bedf€? £1341HB16 HB0(i ECTHUHOREAcE3891
20 is isolated fromfaceplate 24 by horn bearings 49. U trasonic vibrations

are i sol dewesded mauntingcaiplaga 28tpaf i 28 and thieprgr sisldce 8644 angil Aekissecsnthat ¢
shaft 70 extends. thr h.facepl ate at aperture 71 ownmward. force is
Eronel ot TOUTR SR hA OB R SooChe s ARSI a1 ARIRRind HES L

finally t38aC#Mor®26 ehdaguepreb@ds sutthc849 oFahVviDWeRis SUbkaeRliflGoets Garankatd over
bearing 84 is translated 1nward until it engages bearer surface 36 of

beater riditped froprhopepssemblyfldite potl iowitestiloyaneminggapddipreyaling ggitadbear i ng
84, Cam [ o)) MelBER LG S bW A dred Bl Rt O B & i Tespect Lo
bear er asseﬁ%ﬁy 08 us, Pé? 8mnng’%H% Sire "refat orfal pat h backwar ds,

once follower surfagevékingithe &apdaddt GfaVcldRatirnge 84a anupaesndanaree 19ur f ace
36 on anvil 16, horn assenbly 12, including 10 horn 20 1s prevented from

further nmvesnthespikingotiencesdt mshsubseauenioayeslead 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
30 distance when “holes” in the web would otherwise cause anvil 16 and horn 20 contact

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



The radi al separation distance of the bearer assenbly 60 (i.e., the

di stance between nounting surface 38b of horn 20 and bearer surface 36 of
anvi |l 16)woa3sedsseo that nounting surface 38b of horn 20 pemgagzs3sbear er
surface 36 of anvil 16 before wel ding surface 38a of horn 20 engages

pressing surface 19 of anvil. This allows radial forces to translate 15
i tl ' . . 6 i L . an 62
o oot SERILRCTR, §55 BT X R ahR Nyt PRSI oI ORLE 0, O

surface 1§sein ditvinhtes Veghoadliowngrirhdgs welpagrairainind quatitythrogucs vithace higBar and
pressing surface 19, prevents the spiking of energy and subsequent

over | oad Web thiushppigharywarttairablgsbypeyiogsultigsenie WEldmg deaifgse to t he
wor kpi ece, as was dj Vi .Sl 1Sl 20
and anvi1 16 are i ieoT A ARG SR e RG0SR B BRBSE Rt o 2D

of the wehgth agd thd@uiit eheldhppsrt veehdturd$i.d. heowitag plite 1 & ¥ESWwipROiotsl) &s not
sinmplified. For exanple, since the horn 20 is allowed to translate inward
unti| canided|tp cRpdntaineihe arigl BagudaTRRgiEion (98 dhechomirplgtispto fhe @n¥ilr dnstepdsthism 30
can b e s¢ laﬁige %gﬁ/llard g?seiatb(; elxéerlnai(r)liaince% rt%% %'te\ér%r fag)sreﬁl%ligs? yl@ba 4 s€ IeI ce?l?l?eve any
reactive force generated by varrances in thickness of web ot by’ runout

of horn 2&ip@brt staMthre 28r tAShoridA@Ue aRGEETeS nviiRRd td 1R BIGIE i (R6vide¥lakgelamowBunt ed
such that rotation occurs about an axis slightly off center resulting in

eccent ri cofr Biffessormssuinig angulae posifowuandcanpgenedueedon sidgeandpal @ishoreiince 10
(e. 9., beaqugyrigggl%z QOQ913an%Q%;“nr%|k1%§) are typically machined to
el i 1t nat e A0 0P é?ldﬁ? A ARCES céﬂ &1 T 6ccur. The ability to
overcone these variweeassdia wirl $#aPoG [eSdRE F@Shedfvithl ﬂeﬁi&t BEENS Yot | €S
as well as the ability to maintain the pre-determ ned 30 di stance when

"hol es" i ¢rcetiaic ghstt T be rasethe by epesatos eorging the begreaagembly$02adiglninward

(t her eby erati.n n _overl oad condi tion) all wel ding device. 10 to
be run at AREfRPH of Ry § 108 3SRt 0Bk ftsallRe0 il Bnilly SSeETiEp | O
run at a fhdhedtionlvt aHewmet Whdlearh 8dsBRB1yEMYs uidd@ rddid Biukw &d M@K bR 92)

system el i m nates overl oad downtine as well as nalntalnlga@quallt pr oduct

out pbit atharh @Rds lifteélat menoiiehputace 38b, wusingizenion 4o vadey vicamsfollpvemsoni ¢

wel di ng devi.ces, .Addi ti.onal | itNCE CANRr.essi forces are i ng.applied
i rect Dy g s i BV D Bio¥ i DRE AR BR YL bR o SR AP RRL
nmounti ng @sadigedlBith s&sgm tB'FEGEOUSAY D) BRES MRk 20Nne88lY thwiid (difdchoh 0#) axi al
angul ar position of the horn relative to the anvil. Instead, this relative

angul ar pesintdipfoliowensuirfacaBhof caim fellnavep bearing Sdsagambl heater sywdacg 36@hbeyeence,

the 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 through 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.
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support structure for the horn and the anvil does not need to be built to
provide a | arge anmount of stiffness (assuring angul ar position) and can be
reduced iwoBmas8and in cost fromthat 10 required in prePCRUS0Z2989t ype
ultrasonic wel ding systenms. Wrm 88 and worm gear 90 (described further
with respect to FIG 5) allow eccentric shaft 70 to be rotated by an

operator, forcing tpe.peargisa63&Hl %ta@?ﬂ)}?;ﬁt‘ﬂ%%bérﬁtdr@B‘@thonrgggldgp add [@et1on

of arrow 94 or allow ng the bearer asse to travel y outward
in the dintdctenndl ofis 400 wf L2entiahafodarierdigwsadrigenerly ralidliygiadardadioal | y
outward (direction 92) 15 horn 20 is lifted at nounting surface_ 38D,

causi ng g@peibplingg awsd@ﬁ of Wfh 7@ hshewn LEIC: %ﬁ?tﬁﬁn%ﬂccf’@nﬁlshﬂf%@l it Bisypve
radially fn%"r‘i‘ieﬁﬂé&a_e%fogﬁ dﬁg% (ﬁgt%?c%uf ® fymt Q?eigg ;’3’6 SUSdaYer (rg-le%?ﬁ (ped

with respect to or ces orn I nwar I on

94) s0 nwhgitadiml heisl104e it shotldeaeeoBé eﬁﬁemamatfoplchmvgemg the astiatighaBpodden ot
bearer surface 36 of bearer ring 32. The inward novenent of horn 20

decr eas eseCrig ﬁ%&fh%éh%ﬁlstga@ 'eezwe%onglmﬁ%rﬁl axisd Ot of eoggniricshafs B0 aml g9p 4A i s
ta fit .7 |
2 Vo L M AR %2 B (SRAERME e Wele U LRYITG rite  use

or out war4iAY andesecond'distagdenic” (sigwn' BIFIGL 8B). THIEdQ&@b@EarﬁlieSMﬁb& ad OdriabRs
illustrated, eccentric shaft 70 has a central axis 100 disposed through
t he cent edist@nceahidi IThapdthg Alepgthe ob thedwater assembly 8k Oé@démrrwq,rdgsh%%&aﬂce?o and

5 LonSt Atk a0 305 SR RSBAR B3RSty a0 B

er eccentricity

of the sh3g éfanvA96ichh betaraddehn opéta$<§1Q§hlﬂ@tc€W§i‘ﬂiefléngtl$bﬂfebrdr@is@ﬁ’ibgmﬂ By/ SO
as to position central axis 100 of anvil end (or eccentric portio

eccent ri crogiagecceotricalipfiif ;ﬁhferelméwagmg mdllsmgr: beieteamhomnap apd ami} kﬁw:ﬁh}s axis

104 of sh 7 e i 108 fr re ur f ac

boaror 11 Towsihe SRR sl hEkiaEbPABRO e L ATHRERIA W b BRI ST |
03/ 0268303 Keild Wmi’e?ﬁ@ﬂconﬁﬂmmyrmzﬁnﬁm{gta 5119 @r@me bek bervateshvialyl 6tdng heer at or
about Iongétudlnal axis 104 until central axis 100 of eccentric shaft 70 is

di shosed dedethis tapfighentian] yarieblgaistance bha isiebsa gha dispregithigugls whish gep 62 e t 70,

as shown ,n ec tric ft 70 this manner defines a
second Ial?egaed:uS d ansczeﬁ%% ?Ootnv%ll egFg?cegﬁl:}at %@é " bearer ring 32 to 5

| ongi t udi nal axi s 106 3 illushaes dvob@cxmemﬁwmrgeaf 9atusby i€ lRam@inaboh Rath
rotational position of
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 turning 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 horn 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.

30 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



eccentric shaft 70, the distance between | ongitudinal axis 104 of eccentric
shaft 70 and top surface 106 of bearer ring 32 can be varied from between
first di swere®2a88 (shown in FIG 4A) and second di st anc@CIAG0/sisown in
FIG 4B). This distance can be defined as variable distance 112. Thus, the
"l ength" of the bearer assenbly 60, or in other words, the distance 10
defined b r S t n and
boar or  sufFACD CynnRER B RELIRERJEUR AR pRocRe Sy B ahs (PEBH, 2T

t he | engt(wedfe)bdske replaceablel siint) 1dv¢r arti} differegtiaiscas) ihermilakpanéfdn, élbgr eby
changi ng the distance between horn 20 and anvil 16. This allows the

oper at or Indagidhe bearenpssesmbly 68 caybpregoniigsed gl that heppagraig §tiligedip eAivplespect
to FIGs. d il Wl ! ' j L Ni riive |ink
pot veon dHe R Elorii ot Radhty sORARbLR A Wck TERBHTIPH B THERBLEWS .
112 5s altsarer Agembst s difrttdLethtakihg b s@dire®a thamvibe adj usted and is al so
equal to twice the eccentricity of shaft 70. FIG 5 illustrates worm 88 and
wor m gear 90 used ilhdch@@ﬁﬁllﬁataitgwghi the ineaten rwas dessfibed ovith\gespeggto a

G asp. ancorDRis R aisl PR AR B 1Bl R BRRE bR KBS g

90. 20 WWieWic@eatayHe used Pitsst ddphrtRRqrdm @te §Pifnad dcopeorf titdldims Baf, kcabl0 SO
that it is locked rotationally to eccentric shaft 70. By turning knob 114,

ri dges ofweldingug@gdai hansdor m gear 90 and eccentric shaft 70 either

cl ockwi se or countergcl ockw se (as when view ng_ Fl. endi.n on t he

di r]g(iti on knob 114 liglghorugﬁmeé’&?sg?ﬁﬂ‘s’?n%toﬁea%?)ee??a?sgpg\%%ﬁltgg?efgrf Cegtggr "v‘& t hout
di sassenmmhm@iféntd Mgt sltingd idend fewllecdizéIhdit 0Barigbema e BEAdOh fH@RARY
assenblies 60 on 25 opposite ends of horn 20 (as illustrated in FIG 2)

al | ows t hdetapeitbaus depastimgiron thy spiohyrslssapeof theelagmsy vari ation in di mensi ons
(i.e., due to machining tolerances, etc.) in horn 20 or anvil 16. In other
words, the operator can slightly rotate the horn assenbly 12 along its

| ongi tudi nal axis (as discussed with respect to FIG 1A) to adjust the
angul ar relation of welding surface 38a of horn 16 with respect to
pressing surface 19 of anvil 16. 30 Wil e one adjustnent enbodi nent has
been di scussed with respect to bearer assenbly 60, it would be understood
by a person skilled in the art that other adjustnent 11 WO 03/026830

PCT/ US02/ 23891 net hods coul d be used wi thout departing fromthe spirit and
scope of the clains (e.g., taper (wedge) bl ocks, replaceable shins, |ever
arns, differential screws, thermal expansion, etc.).
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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 t he howp,0302688n the m ddl e of the 5 bearer assenbly versagsdiemet|y
contacting a surface on the anvil. Additionally, although the invention was
described with respect to a continuous welding process utilizing a rotary
horn and thks_other types of ultrasonic welding devices may be used

wi t hout départing fromthe spirit and scope of the clains (e.g., scan
wel di ng upi ng bar hah agparatdOcothprivgmgh t he present invention has been
described with reference to preferred enbodinents, workers skilled in the
art will recogni ze a@ HRPOCREWYBS: nay be nmade in formand detail w thout
departing fromthe spirit and sc of s 3 83

PCT/ US02/ 23891 CLA :trai".“‘%ﬁoré’p‘%gﬁ‘gf“ésg @gsrtrp%‘?‘!s“?‘?n‘é:Sﬁ?f%é@?dlgepéﬁ’%‘g%%‘$38?‘ur e:
an ugtrasoni c horn incl ugdbigedtd the sippoRistieiag; surf ace, the ultrasonic horn
5 mounted to the support structure; an anvil spaced fromthe ultrasonic
horn, the anvil i ncinudivilgspaced frem the alteasonie hipfia dlee anildingluflingss fipse heaser
assenbly supportably Iinkip ,th§ first nounting surface to the first
bearer surface. 10 2. Tﬁgf&%bgp tus of claim1l1, wherein the first bearer
assenbly is adj ust abfifit béhred B8GHBly sdppolfaBlyaRikaigatht $ir fmdéilndinsdsfaceng theur t her
conprising: 15 a force generating apparatus di sposed so as to translate the
ultrasonic horn in the fdisteatdrgnrfade. t he anvil. 4. The apparatus of claim

1, erein the horn is annular in shape and is rotatable about a
| ongi t udi nal axis. 20
2. The apparatus of claim 1, wherein the first bearer assembly is adjustable in
length.
3. The apparatus of claim 1, and further comprising:
15 a force generating apparatus disposed so as to translate the ultrasonic horn in

the direction of the anvil.

4. The apparatus of claim 1, wherein the horn is annular in shape and is rotatable

about a longitudinal axis.

20

5. The apparatus of claim 1, wherein the anvil is annular in shape and is rotatable

about a longitudinal axis.

6. The apparatus of claim 5 wherein the anvil further comprises:
25 an axially extending pressing surface; and

a bearer ring secured in fixed relation to the anvil, wherein the bearer
surface is disposed on the bearer ring.

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

30 an isolating device secured to the first mounting surface;

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

13



5. The apparatus of claim1, wherein the anvil is annular in shape and is
rotatable about a longitudinal axis. 6. The apparatus of claim5 wherein

t he anvi IwDhuwstk@so conpri ses: 25 an axially extendi ng pre®sirrpozessbace; and
a bearer ring secured in fixed relation to the anvil, wherein the bearer
surface is disposed on the bearer ring. 7. The apparatus of claim1,

wherein the first be . s i : i i devi ce
secured to the fi rsa{%r%g%}llt% ?’%‘S‘%ﬁ‘?‘% glt:é [el%d“%ua ﬂgHﬁ‘h%ﬁﬁﬁﬁrﬁgg@rqrﬁghﬁ%{%g%eed
coaxi all'y with respsaehe it ihBentingauhdenpd digsfirsthearet Surfioe Q/HIBEG R follower

PCT/ US02/ 23891 a cam fol | ower bearing including a follower surface disposed
proxi mate to one oWurfagrisepgagablewitiang §f hadrgerovatng swface apdthe fisy pegrer
surface such that tsjg‘?f é)la gwer surface i s engagable with one of the first
nmounti ng surface an fHe T rst bearer surface; and 5 an eccentric shaft

suppor tably |i nki ngantdeeernio shaar sdp?bﬂatbji‘ﬁhkjlﬁg tieghnule heanbeatiah hodvHe dagar i ng.
8. The apparatus of claim 7, and turther conprising: a welding surface
di sposed on the ul tfeHewes kearisg.n; 10 a pressing surface di sposed on the
anvil; and wherein rotating the eccentric shaft varies the distance between
the wel ding surface and the pressing surface. 9. The apparatus of claim1

and furthgr conpri sj“mggppalan@ dmlaﬂhngamuMQ@dﬁhﬁggfged annul arly about the
ul trasonic horn; and an axially extending pressing surface di sposed

annul arly about t he2 welding sarface dippasedppiiertrasons homs wel di ng surface than

t he éi rst bearer suarfac?. 1OaCT 2 ag&ar Zﬁeus ﬁfancd aim1l and further
coan ising: 20 a seclne %ﬁ.‘]]![lfil% R 8_3 afd " a*iel di ng surface di sposed on
the ultrasonic hor\ahermetbﬁtiﬂ%thwhm SKhfSHbrea R distakbeRB5@E thetveRgly t he

first nounting surface and the second nounting surface;
surface and the pressing surface.

9. The apparatus of claim 1 and further comprising:
15 a welding surface disposed annularly about the ultrasonic horn; and
an axially extending pressing surface disposed annularly about the anvil and

more proximate to the welding surface than the first bearer surface.

10. The apparatus of claim 1 and further comprising:

20 a second mounting surface and a welding surface disposed on the ultrasonic
horn, wherein the welding surface is disposed between the first mounting
surface and the second mounting surface;

a second bearer surface and a pressing surface disposed on the anvil, wherein
the pressing surface is disposed between the first bearer surface and the second

25 bearer surface; and
a second bearer assembly supportably linking the second mounting surface to

the second bearer surface.

11. The apparatus of claim 10, wherein the second bearer assembly is adjustable in

30 length.
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a second bearer surface and a pressing surface disposed on the anvil,

wherein the pressing surface is disposed between the first bearer surface
and t he swom@2682® bearer surface; and a second bearer as®emulsg2/zispport ably
l'i nking the second nounting surface to the second bearer surface. 11. The
apparatus of claim 10, wherein the second bearer assenbly is adjustable in

30 1 engthya 14 V0 034020030, RETLIISO? 2365 1t Br BOE-ARRALAY H3o8 yERGID 12

. 2.7, .
wher ei n t%e first bear asse i'So es ultrasonic

second begkRly festh tircecorkBbeadheuidgpar at us of claim 1, wherein at |east one
of the horn or anvil translates 5 with respect to the other of the horn or
anvil. 14. The apparatus of claim1l and conprising: a plurality of

nvil. 14. The apparatu and com ty of
cupport st ot ure; - B¢ SRl LR akPgE £ 08 BRER NamER R B T g

surface apfh fespsBduhihedthes Wf fhiedom whaigi n the ultrasonic horn is nmounted to
the support structure; 15 an annul ar rotatable anvil spaced fromthe

ultrasonic horn, the anvil including an annular bearer ring having a

bearer suyface and [essin tface: f orce generating apparat us
di sposed %% as to Bﬁgng éhﬁefgﬁﬁaqéﬁpf§g59¥%§ards the pressing surface;

an isol ating devi cex glusidiosefhlamorlciorys. about and in supportive 20
engagenment with the nmounting surface; a horn bearing disposed annul arly
about and in supportive engagenment with the isolating device; a cam

o guer RS, U R tlsposed prov e e

a support structure;
an annular rotatable ultrasonic horn including a welding surface and a
mounting surface, wherein the ultrasonic horn is mounted to the support
structure;

15 an annular rotatable anvil spaced from the ultrasonic horn, the anvil including
an annular bearer ring having a bearer surface and a pressing surface;
a force generating apparatus disposed so as to bias the welding surface towards

the pressing surface;

an isolating device disposed annularly about and in supportive

20 engagement with the mounting surface;
a horn bearing disposed annularly about and in supportive
engagement with the isolating device;
a cam follower bearing including a follower surface disposed
proximate the bearer surface, wherein the follower

25 surface is engagable with the bearer surface; and

a shaft supportably linking the annular horn bearing and the cam

follower bearing.
16. The apparatus of claim 15, wherein the welding surface and the outer surface
30 are biased together by the force generating apparatus until reaching a pre-determined

separation distance. .
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25 surface is engagable with the bearer surface; and a shaft supportably

| i nking the annul ar horn bearing and the cam follower bearing. 16. The
appar at uswofo3ot@sm 15, wherein the wel ding surface and th@coaiser2aarface 3
O are biased together by the force generating apparatus until reaching a
pre-determ ned separation distance. 15 WO 03/026830 PCT/ US02/23891 17. A
met hod for nmounting an ultrasonic wel ding horn conprising: securing the
ultrasonic horn, having a welding surface and a first nounting surface, to
a suppor t 1At ruct ur eA nietbbdsfoo siongtigharanvhdonitaweldthgehopn esiprigngur f ace and a
first bearing surface such that the pressing surface is proxinmate to the
wel di ng surface; b|5&§§1rﬂf$ tthe WeRwnity houm-f BRENBINY YHEDSr é'é@icﬁga%r% st

t owar ds each other; {) Lnggsu}fg%f {Q{I’ggﬁ%{r{l&grsurface to the first
uctu

nmounti ng surface vvlth a ge s SO as to prevent the pressing
surface and the wedishddphgswhf aaeil f hoing oan prgssiny Guefaed amid, af Girsti DEarngpr e-
determ ned separation distance. 15 18. The nethod of claim 17 and further
conpri sing: adj usting th%lffi??‘é %beﬁhﬁ N PEPEREL PYFACH] % aREMBIE dRafi ng
the first |inkage struc‘];/(;ﬂr1 gl[}g 19. The nmethod of claim 17 and further
conprising: 20 linking a sec§n earer surface disposed on the anvil with a

second nounting suwihafe e sSperat alrfhde ah@r thebyradsinfgsirfasecondrdsi Bikage
structure. 20. The nethod of claim 19 and further conprising: 25 adjusting
the spatial separation dtB¢fance by changing the first |inkage structure

| engbh and the Secof Cicmg' Q% Hse bl tguguerfacg gt Ele first mounting 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.

15 18. The method of claim 17 and further comprising:
adjusting the pre-determined separation distance by changing the first linkage

structure length.

19. The method of claim 17 and further comprising:
20 linking a second bearer surface disposed on the anvil with a second
mounting surface disposed on the horn by using a second

linkage structure.

20. The method of claim 19 and further comprising:
25 adjusting the spatial separation distance by changing the first linkage structure

length and the second linkage structure length.
21. The method of claim 17 and further comprising:

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

30
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21. The nethod of claim 17 and further conprising: providing a rotational
connection between the horn and the support structure. 30 16 WO 03/026830
PCT/ US02/w888M26822. A net hod for ultrasoni c wel di ng conpr iPsiTngg02/e389At | Ng an
ultrasonic horn having a welding surface and a first nounting surface; 5
rotating an anvil having a pressing surface and a first bearer surface
such that the pressing surface is proximate and substantially parallel to
t he wel di ng surface; biasing the welding surface and the pressing surface
towards ezmh ot herA mdhod for ukiasghiawkidit cdmpilsage structure between the
first mounting surface and the first bearer surface to prevent the welding
surface from cont aciofatgset e plasenipghorgybpyes; 2 anglding siuigca s pifase

bet ween the wel di ng surf .pressing surface. 15 23. The net hod of
claim 22 and further corr%g'?nstﬁ%g:u};%%’l izing a second |linkage structure

bet ween a second nDwRdtingYan SHVIl ARQiM@Na titessitlgt k@s@BI sndhar firsendaer sagaed
bearer surface on the anvil to Eéevent the wel ding surface fromcontacting

the pressing surface. 2®ck4tharibe gessog Gprfedeailsmpraximate fand t swbstantially

conprising: varying a separation distance:.bhetween the wel ding surface and
the pressing surface bylg)aé%}?etljg ‘ihﬁéye?(h%g “é%ag h of the first |inkage

structure. 25 17  biasing the welding surface and the pressing surface towards each
other;
10 utilizing a first linkage structure between the first mounting surface and the
first bearer surface to prevent the welding surface from contacting the pressing
surface; and

passing a workpiece between the welding surface and the pressing surface.

15 23. The method of claim 22 and further comprising:
utilizing a second linkage structure between a second mounting
surface on the ultrasonic horn and a second bearer surface on
the anvil to prevent the welding surface from contacting the

pressing surface.

20
24 The method of claim 23 and further comprising:
varying a separation distance between the welding surface and the
pressing surface by adjusting the length of the first linkage
structure.
25
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