7 Cctober 2003 WD 00/ 61299 PCTI USOQ 09099 | HI GH SPEED EMBOSSI NG AND
ADHESI VE PRI NTI NG PROCESS AND APPARATUS 5 FI ELD OF THE | Ng&NEeEDHome
present invention relates to processes and equi prent for embossing and
applying 10 adhesive to thin filmwebs. BACKGROUND OF THE | NVENTI ON

Thr ee-di ”E”S'Wﬁﬁ'd/ cisvgeet materials which include a thin layer of
pressure-sensitive adhesive protected from inadvertent 6:ﬁf[§9,“(°9°9&s wel | as
nmet hods and apparatus for manufacturing 15 them have been devel oped and
are described in detail in comonly-assi gnéd U S. Patent Nos. 5,662, 758,

i ssued Septenmber 2, 1997 to Hamlton and McQuire, entitled "Conposite
Material Rel easably Seal able to a Target Surface Wien Pressed Ther eagai nst
and Method of Malting"; i ssued February 16, 1999 to
Hami |l ton and McGuire, ef PQISING AND ADHESIVE BRIMHINGce Prot ect ed by
Def or mabl e Standoffs and Met hodPanMAn_mAngdewrrrmnl y-assi gned, 20
co-pending U S. Patent Application Nos. 081745,339 (allowed), filed
Novenber 8_ 1996 in the nanes of McQuire, Tweddell, and Ham Iton, entitled
"Three-Di rréna onal, Nesting-Resistant Sheet Materials and Met hod and
Apparatus for Making Same", 08/745, 340, filed Novenber 8, 1996 in the
names of Hamlton and McQuire, entitled "I nproved Storage Wap Material s"
all of which are hereby incorporated herein by reference. 25 Wiile the
processes and equi pnent for manEHEdDQF THE INVENTIONt eri al s described in these
appl i cati ons/ pat erhs pRkef: Hibtniichlrbigted @ prodBOY hRCqWib 63 Yabos IR S5 ?A pﬁn on a
corrparatlgg %lgs%lcltotﬁm?lmw the nature of the processes and equ ment have
{bgen foun |ng by design. Said differently, the maxi num
speed at mhlch such processes and equi pnent can be operated to produce
such materials is linited byphbRcROANDGE Yk BNEdOROVi N conmponents, the
rate at which 30 hﬁua n_bq_l'ﬁa_d"l'to—_d‘e‘f,o_r'mr‘a_s'ubstrate materials, the
rate at which forcgscg gﬁnsb"éai%%gt"fagﬂafﬁ’hw? Hhids, gthip e 06 PrewsmrEFsesilie | nt o
the desired cuifsivgartettediom ianidérent cotet, el aaihethdﬂ'kﬁiﬂaﬂdhﬁsfov&atﬁﬁ&mh@

appl | ed t 95t NeeRURN el &AM B ot SLIR) n@p&%oglﬁrg%lgﬁed%r}ate  Nope _Speed

at which such ‘gr_!ocesses and par atus can era S a m Factor in
~the econonics B dﬁﬁélsﬁﬁe'@’ﬁ% 1997t &femiles; angMaGuire reniitled "féﬂmpsma[f\@tena Cct ober
2003 Releasably Sealable to a Target Surface When Pressed Thereagainst and Method of Making", and

5,871,607, issued February 16, 1999 to Hamilton and McGuire, entitled "Material Having A
Substance Protected by Deformable Standoffs and Method of Making”, and commonly-assigned,

20  co-pending U.S. Patent Application Nos. 08/745,339 (allowed), filed November 8, 1996 in the
names of McGuire, Tweddell, and Hamilton, entitled "'I‘hree-Dimeﬁsional, Nesting-Resistant
Sheet Materials and Method and Apparatus for Making Same", 08/745,340, filed November 8,
1996 in the names of Hamilton and McGuire, entitled "Improved Storage Wrap Materials®, all of
which are hereby incorporated herein by reference. -

25 While the processes and equipment for manufacturing such materials described in these
applications/patents are suitable for manufacturing such materials on a comparatively small scale,
the nature of the processes and equipment have been found to be rate-limiting by design. Said
differently, the maximum speed at which such processes and equipment can be operated to
procduce such materials is limited by the size or weight of moving components, the rate at which

30 heat can be applied to deformable substrate materials, the rate at which forces can be imparted to
the substrate to deform it into the desired configuration, and/or the rate at which adhesive can be
applied to the substrate and/or intermediate apparatus elements. The speed at which such
processes and apparatus can be operated is a major factor in the economics of producing such

materials on a commercial scale.



2 Accordingly, it would be desirable to provide a process and appar at us
suitable for form ng such three-di nensional sheet materials and appl yi ng
adhesive at high speed. SUMVWARY OF THE | NVENTI ON The present invention
provi des a process which in a preferred enbodi nent includeg(%nﬁ) r Sdo8PS of .
(a) applying a hot nelt adhesive to a heated roll rotating a rnrtial
tangential speed; (b) applying the adhesive to a first patterned enbossi ng
roll which is engaged with a second patterned enbossing roll having a
conpl enentary pattern to the first enbossiﬁg roll; (c) passing a web of
sheet material between the first and second enbossing rolls at a tangenti al
| ine speed to usl to the
web, such that thgyghﬁﬁgﬁvg SEQEQQ§ﬁ££g%§§?¥§Qgg?&g%#’ %%@g%ﬁé%%ggsnents
BRI EF DESCRI PTPraftserh thre-direasiyoricieetinityials energlyacadhssiva etihigh sreethc | udes wi t h
claims which particularly point out and distinctly claimthe present
invention, it is believed that OV e w |l be better
understood fromthe foIIomnngS%@§%§§ﬁ§?3%E5$¥ﬁgh¥ﬁ?red enbodi nents, taken
in conjunction w t Fhetrersent BreabeppaetdengPraseewiifidn a praferpd eathodimngnt ineludes thenc e
nuneral s i dentsepsyofi (Bphliicod hdd @R BdhbGveadn sl heatth edl@bthking i @Uﬁlﬂal kanpetia sﬁe&herm-tl c

|1 di
I ustration Stld éﬁ%ﬂ? {119%&%31veatng ff’lisg %at{eaté’l arpboss?no rrolll ]wgltdll”l IS en%aﬁead? %iﬁ]uas segc%nd Figure

i nventi on; s an enl
1 illustrati n@atteﬁed eitheesing ol ha‘tlltga’ri’ﬁ‘f“é‘f’m%‘taé’rpa‘ﬁfé't e first ¢nebogsii odls(chigssingla| s ;
Figure 3 is awab afshdek fiwverdi bdvadi thi denztnu@a;bnd dnibbsBiSig rolif atd ttn@aftleaeat;ﬁtd t4€

enbodi ment of sfra‘r‘ralltaneo%r QQI? tP&ﬁ%e[bta% a'di)qst\% #orll'l\_.f:t % sBcl; (Ia]rés\;{% orlm(gn
Figure 4 is a e fourrr ane nt'o ¢l oser

proximty to aPﬁﬁﬁ@FPﬁF@bﬁW@mﬁﬁﬁeﬁmﬂ@ of the pattern edges Figure 5is a
schematic illustration of dinmensions referenced in the pattern generation

equations useful with the pgﬁﬁ%ﬁ@#éﬁﬁﬁ i E' E& ober 2003 WD 00/ 61299
PCT/ US00/ 09099 3 Figure 6 isc .bhg Tﬂi %vgﬁéof di mensi ons
referenced in the Patle by speqificationgenclydes witly claitns which pectislerly print eut erdelistircis ent
invention. DETfik EHe plERCR RidnONisPeliel ElEnkNENEE M vention will be better understood

from the following description of preferred embodiments, taken in conjunction with the

accompanying drawings, in which like reference numerals identify identical -elements and
wherein:

Figure 1 is a schematic illustration of the process and apparatus according to the present
invention;

Figure 2 is an enlarged partial view of the apparatus of Figure 1 illustrating the adhesive
transfer step between the embossing rolls;

Figure 3 is a plan view of four identical "tiles" of a representative embodiment of an
amorphous pattern useful with the present invention;

Figure 4 is a plan view of the four "tiles”" of Figure 3 moved into closer proximity to
illustrate the matching of the pattern edges;

Figure 5 is a schematic illustration of dimensions referenced in the pattern generation

equations useful with the present invention; and



5 Process and Apparatus: Figure | illustrates in schematic formthe process
and apparatus 10 of the present invention. The apparatus p@?&ed
fundanmental ly of two nated enbossing rolls 15 and 16, rrufpré%)fsg ue
nmeteringl application rolls 11-14, a pressure roll 17, a strip- off roll 18,
and a chilled S-wap.19. The enbossrng rolls are steel wi th a matched
enbossi ng patVY@PH1@®ched into them 10 which interl ocks t PQIVHSOBE0A web of
sheet material passed therebetween. The roll with pockets and raised |ands
is referred to as the femal e enbossing rall 15, while the roll with raised
nubs and recessed | ands is referred to as the nmale enbossing roll 16. The
femal e enbossi ng rp%] 915 era has afrel ease (t:oatr ng applied to its
surface. The glue appiication ln’elfser??"r‘fd’ F'Sfef""?“ffeie&“fiy’f)ﬂ’ﬁﬂqe? EeBAratiaR nat e
bet ween bei ng cpetqnpussfubith thapreserbbesntigoat ed steel . The gl ue application roll
14 (the last 15 roll in the gI ue system is always rubber coated steel. The
pressure roll 17 and stripgy roII 18 .are aI SO rubber coated steel. The
chilled S-wap is conposet “L SLL NS MENIION 5  rel ease coating
on their odtside simgﬁm_mﬂol ant flow ng through t he roIIs The
direction of rollg t sTelVo T

é\Pé a 1!1t@ﬁ’atéssin§ fGﬂTFhIg %FO%C(?% al\M \nga.\'?msug%%f the greﬁe&lf nel t

specifically, with reference to Figure 1,
pressure 20 Furlpy.; Ths 2aRames f"’\F@‘}’P%@ frmdamgsptajly, gfctyro Gﬁle@)ﬂt‘ff?eswm’lfseléen@fﬁ t he
first rotati nguhipk gl miteritigappiicdtieriorna 1514 G prediude rolP17, I Qp-6it Rl 18]l 4 Bingd'pPpP! | ed

by a hot nelt I e ari ahl peed ear
égp not sh0\§vn) tﬁ?gﬁyﬁrkb%%%lggx ‘%Efqé% rélﬁggg rﬁ%"ésmfﬁétee&'l‘ gihe ‘ff’f&’ them st gof
% al

ue gt ety mterleﬂkr 9 embosy & webnefshegepaasnlpasstdhgerbetvican Thévell mithrpovidts
tangential | i aelrsgee®ddof refeha tmtﬂz&imm&sm@%ﬁ[ﬂ #hile ot Q:ﬂ%sﬁmwd and

adhesi ve- coat s ar as stations 1, 2,
s and 5. The Sessel MR TER LI bR Bo Sl 16 ipd et Spvosse ot 5
f ast er so thabes@pges ‘lﬁ’é“ﬂgaWFd todts Fl@fncenﬂbﬂ glert applicttion/dmetdrisg ®lls flaldeypipiyed

mat ched. The glettfatedbiwen bElﬁ@-ﬁle‘l @tEerl Sﬂuéﬂe%tw'@eeg|M?glu?%8ﬂ:da&c@rtrblf)ﬁ thlll 14 tO
t he femal elsenb ssi rol | travel s wrt

femal e enbdssing rh?)gllu &P ﬁélw?yﬁ “[ébsgtc?a&q Sigel. \ﬂ’f'e‘?"és‘f“t roll 47 g s 98 ellng & h t he
- pol ymer web 5@rewlsp styber r:@te@amlr dile chplfed Sswragt is @omsediofl helalveteeinbins®ivig ar ol | 16.

30 At stati onre&asetcbﬁnm mmumwmgsmCMP%ﬁ& tm%g%sT ié”\?%barré% e glue

40 si nul taneoD %/t h ]g:m adh si ve coat ed web glued to
the surface of Bfen §°W“f’fd5}’éﬂlsw TP he roll surface to station 6 wher e
a rubber coated prMwespeafically, with Tefappd ioFipuprieasddidive {sochtad @ ht rhtRGrepdfet | ON Of

the web. 7Gpe WﬁQm@theﬁﬁb lfd is QJFHCEQO é@th% %1\?!‘ {1%{[@4 ﬁst?cgpng%f) lqgmg LeateéL gét Jd_t r aYe' S

to station 7, where it IS Strip 0ssi ng K via
strip-off rol P E‘gs"‘l*h"e‘sf’upétﬂfiébé °t26f95‘PWWGTQ‘9¢eWPPmﬂ ODigigOspeed

gear pump, not shown) through a heated hose. The surface speed of the first of the glue metering
g ) rolls 11 is considerably slower than the nominal tangential line speed of the web of sheet material

50 to be embossed and adhesive-coated. The metering nips are shown in Figure 1 as stations 1, 2,

25 and 3. The remaining giue metering rolls 12-14 rotate progressively faster so that the glue

' application nip, station 4, is surface speed matched. The glue 40 is transferred from the glue
application roll 14 to the female embossing roll 15 at station 4. The glue 40 travels with the
female embossing roll surface to station 5, where it is combined with the polymer web 50 which
is carried into station 5 via male embossing roli 16.

30 At station 5, the polymer web 50 is embossed and combined with the glue 40
simultaneously to form an adhesive coated web 60, The web 60, glued to the surface of roll 15,
travels with the roll surface to station 6, where a rubber coated pressure roll 17 applies pressure
to the glued portion of the web. The web 60, still glued to the female embossing roll 15, trr:rvels
to station 7, where it is stripped off the female embossing roll 15 via strip-off roll 18. The



fini shed adhesive-coated web 60 then travels to the chilled Swap 19 at
station 8, where it is cooled to increase its strength iyve (or
glue) 40 is applied to the | and areas of the fenale enboégpﬁgﬁgg??¢%5

only. This is acconplished by carefully controlling the fenmal e enbossing
roll to glue application 5 roll clearance and runout at station 4. The gap
bet ween t heseweoeoddizesi s controll ed such that the gl ue cover@adsosddper roll 14
applies glue to the lands only, w thout pressing the glue into the recesses
or pockets between | ands. The glue appligation roll 14 is a rubber coated
steel roll. The rubber coating is ground in a special process to achieve

approxi mately runout tol er The nip is 10 controlled
in the machine ﬁg{/svll%t(3 %dﬂﬁp&éc ogtedoﬁe%m%) 8 Byl dp e e gr]?q.ﬁ)ﬂ’é‘l’ laéﬁﬁ“Pngsl“@e"Gtﬂi ijized to

(1) protect t erleddninereage iritrengts. ferral e enbossing roll 15 from danmage due to
nmet al -t o- net al Comﬁﬁheﬁﬂéj(of aﬁe) u®is aﬁﬁﬂeﬁ)w ﬁa@ﬁn&ér&b@ of OF Fe'nﬁla mﬁcﬁsal%gol'lolﬁ # o be

very lightly Rre aln mal e _enbossi ng
defl ection of "Phe &‘gﬁf)é"r@ﬁ%‘ confllingthe f%i'ﬁatletP&TIbOSF‘Bh@GEOEbfe apiieetiorrbossi ng
roll and glue rollavﬂmdanos altd remutrabdtdtion 4l Thempmgn@&nmsdrﬁllsbecoaﬁmkd ﬁéix 1R Bk yibrer e

evenly on theg lid the sl Ouh'Es ation roll 14
i \s/ | i éht ly preif?éi%%i?gg’?%ﬂgs égﬁ%heﬁgdnbglggﬁﬁ i Ief g%g ggg"ﬁ" @‘fﬁ!ﬁ “¥he

defl ecti on of THfEx g 1S f ace conpensat es for embossing roll and gl ue
application roll Thegletpplidatién rblhBs 1d£1ﬁxbtﬁf3¢oht@d\stde5romthe%ﬁbé}'c&lﬂngaé glothd B €SS

lue into the, t e enbossing roll 15.
g ositi o of gﬁugﬁgﬁﬁﬂ?la\%fﬁ%{ @&%t Pan %he?) fraew dolggues: g%"og‘gl’%g 20

bl 15 | Ocs serpled fn t{"b‘mﬁhléﬂl‘@ﬂ‘tpﬁ‘gisﬂ'ew*ﬁﬁb‘mﬂlkelthbher @Al drutibald er(t)prdde t ops
Of t he erTbOSSﬂflﬁaﬁngdiltﬁehﬁnale\@'JB@ssMEﬁﬂ f¥den d&fnﬁ‘g%%m to %mlttbﬁle&ﬁgrﬁacpind??
enbossnent s v@% hgaqmmh obexhl PI b adhesi ve operties pri
activation of t DRS00 08 B8 SFrp Penp R SsEsp g g 1‘" 5‘3&1??88?9’6‘ or gl ue
utilized is hF"ﬁt‘i‘F‘}F"‘é’I”a%ﬁeG“‘ibﬁ OHIamema@S foath 2ptudl manosi of i@ rembdssing all shidglieonar y

slot die 9 toagpitakiod ﬁﬂ%ﬂ%@-klué 1l aﬁﬂﬁ@gve%ﬂeré @v%l'ﬂgwton lifd fgrgh?e Qlllbl&gm ?ollng
extended ggd fractured, or in 25 non-adhesion to the first netering roll.

To reduce theagxstensmn rate of the glue, it is applied first to a slow
~nmoving roll. and t Héw gluhepplighongoll B ik Bghtlp presveitagainsnije GapIS eiubsaigireNS sdeh 2, and

3) it is mll ﬂxdtﬂlmﬁé}n&ﬁf ﬁle%ﬁé{ s&ﬂée’loﬂ{:éﬂ&t&g {‘ol' EH)@&glg go(flcagéé aataﬁdan%}l rotll

desired tangentla 'k‘ S % l'ue rolls must FEoeRact | ng
tol erances fof™g-dWkie peflseign isd‘ﬁb‘iﬁth‘ &S FPersit &Pﬁ‘“‘%q‘f'ep“ﬁ‘fetéd# the syrfagecaf theol | gap
di nensi ons r ek enbdssing rgll 15e Dmt:&tmomgumdumgahte!}ﬁﬂdn&rbfﬂ:ﬂéﬂhle%bos out 30

t ol erance aps QﬂIQQQQ§cﬂtQﬁQﬁ§veIt|gﬁg ﬁ-Iln | ne Jrégli Lr?o tllrut%¥s ol?ﬁ'le e & ??Esg:gntsuxg theor Am y

circunferentiall @ across t | rec
thermal | y-i noltff‘c‘:"eolA PRrPressat ?'U%I??S ?ffﬂwtqﬁ@osswrssﬂouldtcaqqa@mbmmw ederibet hat , in
the case of eblepﬂ'tresprmk{o)actheta)heﬂhdﬂbbﬁ,cm&n@loﬂg&Qnﬂaﬁﬁq&r@' failure can create

enough runout -t o it GERk oHfil Rfdd Ghitfy Bl Orrall oy ch 2

ize 1

cas‘e anmeters are USe y Elastic 1n natire, an éanansxtlon\?{%ma stationary
slot die 9 to furll tarigential line speed can result in the glue being extended and fractured, or in

25  non-adhesion to the first metering roll. To reduce the extension rate of the glue, it is applied first
to a slow moving roll and then through a series of metering gaps (stations 1, 2, and 3) it is milled
down to a very thin glue film and accelerated at the desired tangential line speed.

The glue rolls must be ground to exacting tolerances for diameter and runout to maintain
the precise inter-roli gap dimensions required for glue metering and acceleration. Typical runout

30 tolerance is 0.00005 inches TIR. The glue rolls must be heated uniformly circumferentially and
across the machine direction to avoid thermally-induced crown or runout of the rolls. It has been
found that, in the case of electrically heated rolls, a single heater failure can create enough runout
to prevent uniform glue printing onto the web. In such a case, ammeters are used to indicate

heater failures. Heat loss through bearings and roll shafts can create roll crown, which also



heater failures. Heat |oss through bearings and roll shafts can create roll
crown, which also 7 Cctober 2003 WO 00/ 61299 PCT/ US00/ Ogoﬁ%c%bBFQU@ts
uniformglue printing. Often the roll's bearing bl ocks nust be heated to
prevent tenperature gradients in the cross nmachine direction. The fenal e
enbossing roll 15 preferably includes a rel ease coating applied to both the
| and surfacesWapAH1?y t he surfaces of the pockets or recessggisiinemebet ween.
The rel ease coating 5 and the glue properties nmust be carefully bal anced
to provide the best conbination of adhesson and rel ease. The coating mnust
allow the very hot (typically 300-350F) glue to transfer to the .fenale
enbossi ng rol Ireverr}tg u}ﬁ,t all ow the ‘ﬁ%gem ve-coated_ polymer filmweb to

rel ease at t hB e BREBESP Bye moing, e s 1ofls bf‘i’?ﬁlbl?ﬁlfsl '9“518‘01‘%8@)#) preyept t he

rel ease coat i rgprprtoreedsitstiote fross tnhahine dickami on, the glue will not transfer

fromthe glue applTh@?éﬂaQQmﬁ&Llhg o 15 B@fe&?gﬂcﬁld&@gﬁé %wtmglappha%gquml eif

the rel ease c? # ronotes t oo nuch esl on gsi’Vercoat ed
web cannot be™® %‘ﬁtg"\?gﬂi dite trprsyriaees of the BRoketon recrees fistrptweca n i bswsiersg cqatitel
Wi t hout te&r i argl tior ghetpraptréyingt Heloarefint barmded tdf prévide tﬁEhﬁstfcbﬂﬁ'ﬂaﬁmlaﬂim%
enbossed at t R BLANORE ARSE b BETRCAN ROCHEIRPIBLNLE 40 RLOTBLE 0T | SP.

hi gh-cal i per enbossnents an fom t he
. female 15 enfrBelsiembesiieg ol \and et lafémethe Sfthﬂl‘ﬁﬂeﬁfd ﬁﬂbmreﬁlm—imhetveﬂqaset i ghe

tenperature Oémﬂolibﬁig&ﬂb&&ﬁérﬂ&e (©pitaBy miBO‘iF? eedad relﬁﬁslc%tﬁlg%roﬁfateg %@'lf&g: poi nt

of the film h fin adhesi vel ave

suf fi ci ent t\é\%@lt‘?e s?é p °ttmgleé'ﬁr°err%n 1“5@%8%"”?@t?mqn\é}qeé’ﬁﬁ?f%ﬁrﬁ’é roll. A
bal ance B8t webils ifteq fela@em@m@malem@mmhddlﬁmmhsﬁriat whisivgedaeipelr atratie has
been found t Orchi6ved frbih iteisabe of RRTHEReBboskif B8 bt \Barp GRSy PBERAL I NY
condi tions fog.1 operat| ng at high speeds. 20 The strip-off rolﬂr assists in
renmoving the tinal product fromthe femal e enbossing roll w thout damagi ng
the film Since tHée fimodiodd by duibbswdeeid} highestplossidl embossitgtempafac® pivmofehe
femal e e”b()s&'isﬁlguéhcblaﬂper ¥Iﬁgo¥srﬁaﬁt9|§ndf Qfonetﬁc El@gh ﬁlﬁi g@ovﬁl RR&H 3k t‘ilp?eng#]r | p-of f

poi nt . Th? stri ‘1% t hese high forces to a ver

| engt h of 58 ﬁ"l "ﬁ@ ]‘?"ﬁ” ?“&“é*'f@fc%t%?“ﬂ%ﬁhed?m??ﬁ%“\ﬁéﬂ“’ eEPFingEelE meBnt roI
~over the st ri b"—lsl’ntfbehwgheespﬁ@mg\pemtufﬂ@ fitth S&lDsd thay theGinalt ddkesivdlPpahteP webotigt | S
essential {0 gle BIAH g0 18k3h 5B be iédomdpéoqpﬁt;tférﬁfe BRsRE SHETL SRgT! M

fromhawng r gwons whi ch are™ prematurely activate adhesi ve
properties. ST ‘E)‘Ppeﬁ‘é’gﬁ'@é fp Séfﬁg‘agéfﬂ*@ﬁfmﬁéﬁ/\kcéﬁ fqupeb tonfeg| 2ecritiedd f ermal e
enbossi ng roI basamiesin defining Qitesdiul bpeyatifguohditidhd Rebptraing e @Rbcedianage to the
rolls or g the fifd | de s es. 0 ossing rolls are
ground to a O. OOOOSM%F'EE?IE?SISQ% §Ctm TR %{e B { Bodup fmmt% gé"gpﬁee °sf’gg off

without damaging the film. Since the product (ﬁlm web) is gluecl to the surface of the female

embossing roll, very high forces can be developed at the strip-off point. The strip off roll

} localizes these high forces to a very short length of web, resulting in less distortion of the web

and more control over the strip-off angle. Preventing distortion of the final product is essential to

25 provide consistent film properties and prevent the film from having regions which are
prematurely activated to exhibit adhesive properties.

The amount or degree of engagement between the male and female embossing rolls must
be carefully controlled to prevent damage to the rolls or to the film web. The outside surfaces of
the embossing rolls are ground to a 0.00005 inch TIR runout tolerance. The engagement is

30  controlled in the machine with precision wedge blocks. The engagement of the embossing rolls
govemns the final caliper of the film (i.¢., the final height of the embossments).

Another 'important criteria is the fit or comespondence between the male and female

embossing rolls. One useful technique is to form one roll via a photoetching process and utilize



30 controlled in the machine with precision wedge bl ocks. The engagenent of
the enbossing rolls governs the final caliper of the fil | e final
hei ght of the enbossnents). Another inportant criteria i S%{eobglr%o%d:
correspondence between the male and female enbossing rolls. One useful
technique is to formone roll via a photoetching process and utilize 7

Cct ober 2003 W@o@e281299 PCT/ JS00/ 09099 6 this roll as acmmssém®osd to form
the other roll as a negative inage. The equi pnment nust al so be designed so
as to maintain precise synchronization o the mating enbossing rolls. The
enbossing and glue rolls are all individually heated and controlled to

al | ow preci seth.cglt rol of ,,glée %']Laﬁ%f eL t enper at ures_and enbossi ng roll

rel ease tenmperatyr & ? 5™ fe 1408 Bf oherPhe aRgpuveinges dhnrwiresssugishgbe ol | s of
conpl enent ar y dgségnedese ps tg hnaipieis prefise shnchonigtion ¢f shetragngtelbdisifig tba web during t he
enbossi ng and adhegj ; / t r.c are. properly
G oty ibuted wi i mrmbrifeas s tofpyt Q#ﬁﬁﬁ&%ﬁ{fb%ﬁ mgpg?“ﬁ{é&\k%g,ﬁ“"at’ée"‘é posed
to ther mof or ATTTG! GRS SARHERGPERHIEhEd Smbqsting roll relieseismpgmane. suppor t structure
such as anSapert urge debftmating male @i MRAE ShbvsdilQoIRVE binflenRitary ReteHERadai NY
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buildup of adhesive on the embossing roll.

\ Pattern Generation:
Figures 3 and 4 show a pattern 20 created using an algorithm described in greater detail
25 in commonly-assigned, concurrently-filed, co-pending U.S. Patent Application Serial No. [ 1
in the name of Kenneth S. McGuire, entitled “Method of Seaming and Expanding Amorphous
Patterns”, the disclosure of which is hereby incorporated herein by reference. It is obvious from
Figures 3 and 4 that there is no appearance of a seam at the borders of the tiles 20 when they are
brought into close proximity. Likewise, if opposite edges of a single pattem or tile were brought
30  together, such as by wrapping the pattern around a belt or rol}, the seam would likewise not be
readily visually discernible.
As utilized herein, the term "amorphous” refers to a pattern which exhibits no readily
perceptible organization, regularity, or orientation of constituent elements. This definition of the

term "amorphous” is generally in accordance with the ordinary meaning of the term as evidenced
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Thi s definiti otilizod tet fafer to substantial uniformity in geometrical and structural properties for a given

) circumscribed area wherever such an area is delineated within the pattern. This definition of the
term "isomorphic” is generally in accordance with the ordinary meaning of the term as evidenced
25 by the comresponding definition in Webster's Ninth New Collegiate Dictionary. By way of
example, a prescribed area comprising a statistically-significant n,umber of protrusions with
regard to the entire amorphous pattern would yield statistically substantially equivalent values for
such web properties as protrusion area, number density of protrusions, total protrusion wall
ltl:ngth, etc. Such a correlation is believed desirable with respect to physical, structural web
30 properties when uniformity is desired across the web surface, and parﬁcﬁiﬁ;ly so with regard to
web properties measured normal to the plane of the web such as crush-resistance of protrusions,

etc.
Utilization of an amorpf:ous pattem of three-dimensional protrusions has other

advantages as well. For example, it has been observed that three-dimensional sheet materials
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drawn from a given point in the pattern would yield statistically different values depending upon

25  the direction in which the ray extends for such parameters as number of protrusion walls, average

protrusion area, average total space between protrusions, etc. with a corresponding variation in
directional web properties.

Within the preferred amorphous pattern, protrusions will preferably be non-uniform with

regard to their size, shape, orientation with respect to the web, and spacing between adjacent

30  protrusion centers. Without wishing to be bound by theory, differences in center-to-center

spacing of adjacent protrusions are believed to play an important role in reducing the likelihood

of nesting occurring in the face-to-back nesting scenario. Differences in center-to-center spacing

of protrusions in the pattern result in the physical sense in the spaces between protrusions being

located in different spat::al locations with respect to the overall web. Accordingly, the likelihood
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N and/or "equivalent" quantities. For example, in terms of characterizing linear distance

}

relationships between objects in a two-dimensional pattern, where spacings on a center-to-center
25  basis or on an individual spacing basis, an "average" spacing term may be useful to characterize
the resulting structure. Other quantities that could be described in terms of averages would
include the proportion of surface area occupied by objects, object area, object circumference,
object diameter, etc. For other dimensions such as object circumference and object diameter, an
approximation can be made for objects which are non-circular by constructing a hypothetical

30 equivalent diameter as is often done in hydraulic contexts, '
A totally random pattern of three-dimensional holiow protrusions in a web would, in
theory, never exhibit face-to-back nesting since the shape and alignment of each frustum would
be unique. However, the design of such a totally random pattern would be very time-consuming

and complex proposition, as would be the method of manufacturing a suitable forming structure.
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pattern of préPFag d’i‘i’é‘el tg dﬁ%‘ﬂb"u‘il?? F‘B‘Fﬁ‘f"t ﬁr@uﬁ‘ﬁﬂ%?“f‘%é‘e‘a‘?‘"@‘& ci‘Pﬂ“’quwPléFest such
t hat no groupiBmyglodn qod & AUBRdR.SwWMeht dppdared ivethe Wamall df Mimdbtapd Scispid WVolb st he sanme

as : }.any (1995), at pp. 89-101, the disclosure of which is hereby incorporated herein by reference. Other

related mathematical modeling techniques are described in greater detail in "Computing the n-
25  dimensional Delaunay tessellation with application to Voronoi polytopes", authored by D. F.
Watson, which appeared in The Computer Journal, Vol. 24, No. 2 (1981), at pp. 167-172, and
“Statistical Models to Describe the Structure of Porous Ceramic Membranes", authored by J. F.
F. Lim, X, Jia, R. Jafferali, and G. A. Davies, which appeared in Separation Science and
Technology, 28(1-3) (1993} at pp. 821-854, the disclosures of both of which are hereby

30  incorporated herein by reference.
As part of this work, Professor Davies developed a two-dimensional polygonal pattern
based upon a constrained Voronoi tessellation of 2-space. In such a method, again with reference
to the above-identified publication, nucleation points are placed in random positions in a bounded

{(pre-determined) plane -which are equal in number to the number of polygons desired in the



other Iike grouping of protrusions. The beam strength of the

t hree-di nensi onal sheet material wll prevent significany Redetsgopf any
region of material surrounding a given protrusion even in the event that
that protrusion finds itself superinposed over a single matching depression
since 15 the &rotrum ons surroundi ng the single protrusion of interest wll
differ in si Z80%¥#28e, and resultant center-to-center spEITUSHDBINMM t hose
surroundi ng the other protrusion/depression. Professor Davies of the

Uni versity of Manchester has been studying porous cellular ceramc
menbranes and, nore parti cuI arly, has been generating analytical nodels of
such nenbran sht'= m,t hemat i cal q‘h" % to 1S| mul ate real -worl d
per f or mance. °°mp DPHEUR (HFBE A HPoYE T4 oBFle Yupiiznqousiyand radighy  cat i on
entitled "Por &ers e@bh#ﬂlﬁﬂ@n peiat A ndue! ratesyisgrmesh frantsStooiegBtoring nﬁdeblbnﬁdihtdescrl be
the structuremnpd, M@wmﬁn‘éﬁym@m{é@ me&% %JQ)!ac%fom%r L Q4e " and

G A Davies, vyn ge‘pea ff—; E 1 he Journal of rane clence.” Vol . 106
(1995), at ppP°¥s i"(ﬁt TpgBionRed By iglerseons Pt W‘%‘Hl‘{‘% her eby i ncor por at ed
“herein by Ffefer enc\b,fhxie(mxhémremﬂlbmdm&wthemmmmarlstamige;bwm@htpa&h@hﬂjd&s are
described in EJn@t@tL@E::dQﬁ‘etﬁJﬂemEsnof SR PR s flerd {18.?195 &épgfe@ aunay

tessellation wth application to Voronoi opes ore %e
Wat son, whi ch SHesh rPetitiops #Wém@owmpeaatemﬁ% «twn eints ozwwdmoﬂuozghexmgm at

pp. 167-172, aeaiﬂed f'eﬁlciftuht&ést @adomplbcha) S\c&oﬁiu@%fbrdxﬁﬁam'bﬁ}@o%fbhﬁtﬂui Sroqfs 4701 ous
Ceram c I\/Enbr . J fferall, and G
A. Davi es, B@%&ngg Frgfe‘gm{)ar A o ?:rfne{rgl'}(":sg cgﬁ%m"ﬂfe% PP 1- 3)
(1093) at B @m@nwh@dwgeﬁr@swwdéqlwetsmcﬁesmd awpiteh are hereby 30

I ncor por at ed her eiThe bt didﬁﬁrﬁge@d?&iﬂga&‘&erﬁa{ehi Rfaccoflbrize WRH Ke preR iR aRO is [V es
devel oped a twosdi on a constrai ned

si onal tern
Vor onoi t essef] fil on “Or e R fé)d)ég’f’%pagffgaﬁ’éewlﬁd t'sged’é%ﬁ°?ﬁ|“§"ﬁ“ta8?‘@?‘ence to
the above-i def infhicewidpand|1p inghes tong. fargptionsly ifaming ok &ura prebelo bavoalichs B plate,andom

positions in ﬁlerbMdQQOrdlﬁaﬁé’ @Stgﬁts%ﬁtﬁﬂh%&i)wﬂph@ﬂﬁxlmg(hluﬁernﬁ £qya) béntnk fourber to
t he nunber, cof BIT X"g%ﬁ desi ted in §)ber %003 WO 00T B389

PCTI USOQ d3098 i ey aFE’P“é‘?‘?P‘Ymax&‘EﬁPﬁd BrhehPBEERE M gr ows” each poi nt
~as a circle sinul téfivete siopdiratedysteachind laximurh dipraswacire sudficathe ot poiint at

equal rates. Afer@ine e hukbd Bt Ei'mélgagm ﬂﬁ‘h@ %Q:B'uﬁlg bAdbiRd Eﬁ)tglox%rhe ‘g.h Qfitfin aff®el
growt h stops 3 bound ar%{ ine is . .These boundar I nes each form
the edge of a %ﬁ?ﬁ%’ BRIAes ] ﬁpav%?tm%@mb%ﬂwaﬂwh%@r%ét BRsadrhyundar y

lines. 5 Wil be ehited videregaet o aielavisape kigs ©1d hcing oflibepalylgoris laesu&dﬁrﬂ&tfamﬁkidng how
such pattepns,fgy B erq&rg&&%@e@mﬁﬂf& skt g&ﬁe&%h%f%e.?ésasai WG, there

remains the i Ssue. o nuneri cal fepetitiBne sPep- wi se
to propagate f“ﬁ'é“““ﬁ‘&é‘l" &RRFIPEHe 'b‘B‘P“ﬁ pErugleRtigRspoits or pHYESTREHO enmpvh éhe number of

polygons of an artificial, hypothetical, uniform size and shape that would be required to fill the

Ty desired forming structure. If this artificial pattern is an array of regular hexagons 30 (see Figure
) 5), with D being the edge-to-edge dimension and M being the spacing between the hexagons,
25  then the number density of hexagons, N, is:

243
T AD+ M)

It has been found that using this equation to calculate a nucleation density for the

30  amorphous patterns generated as described herein will give polygons with average size closely
approximating the size of the hypothetical hexagons (D). Once the nucleation density is known,

the total number of nucleation points to be used in the pattern can be calculated by multiplying by

the area of the pattern (80 in® in the case of this example).



desired field of interest to conpletion. Accordingly, to expeditiously
carry out this process a conputer programis preferably wocidpep26es per f orm
t hese cal cul ations given the appropriate 10 boundary conditions and i nput
paraneters and deliver the desired output. The first step in generating a
pattern useful in accordance with the present invention is to establish
the di mensi on¥08¥61¥Me desired pattern. For exanple, if itPGHUSAEesIMed to
construct a pattern 10 inches wide and 10 inches long, for optionally
formng into a drumor belt as well as azplate, then an X-Y coordi nate
systemis established with the maxi nrum X di nension (x) being 10 15 inches
and the maxi numY dj nensj o na n i nches r e- vers . After

t he coordinate sys‘af}eagn%%an ch%l'\A]rruzr%21 i mﬁeglf%%‘seng?tem ‘é’lysluitaé’ step
is to deter ngrerateriaowmy ivighase dﬁllédnmthleeamamhe pdizert, sibludwha mhsemquinnmc:mm

pol ygons desi p@hemiot Lhmang HSbiedREl a&M@dJM%%Ivﬁﬁe Rh JsQﬁomJgIc lys number

is an integer %g and 1 nfinit and s be selecte regard
to the averag&" AT EEEBRE RyH o °56FWBPF§W°6%§°|’?%H°P%(QT@= quﬁV%hed 20
pattern. Lar gétscuﬂwnbew@erca@ﬂumess}mmdoftsmhsargaiehmr pednygonsith dffding bueee M Sa. A
useful appr oagk, deQuili @i ﬁ{e%sﬁu l@gontrgéd %@9&%&%%@&’}?‘3 bnddne %fip?@ér}ia?en points
or polygons is to conpute the nunber of polygons of an arti Ial,

hypot het i cal , ‘WS35 2tilifsd shape that would be required to fill the
desired form ng stA etiputereprogtain it WriSenas tun filieGindbm maribergeneritdr titNiedded Anbe

regul ar hexag ( I | bsfbe i e

di mensi on and%ﬁ%%?nﬁf?ﬁwgkgagﬁg%g%%ﬁ rF i r@%&%ﬁgg&'@%& lﬁle Qg%e nunber
ensity ofl® heREPEnef, "Iigleatian: P"Z‘“"N‘“@E‘Eﬁﬂ oze. | t‘*sl’i%?s“ en afeoganelatedaaltematsi ng t hi s
equat ion to Calnbek aﬁeﬁmﬂhpﬂéﬂcﬂyebﬁhdr(ﬁﬁ Tﬂﬂﬂﬁlhitx/ difverisiok R the 3@:;@059%9%10@% terns

generated as 9%%% |rg1§°dm Es;ste(# '%’eu +RoLygons §‘h‘(°b) ver ag%_ Si ée cl osely

approxi mati ng-t F'tal PhExagsn
nucl eati on deﬁéﬁ‘ft“yﬂxéﬂﬂ@w*}dYﬁﬁésbﬁﬁfeaﬁzemn@é?wmmﬁﬂwwmnﬂpmmh@ to be

used in-the pattehBokdls Pars GAXY) doREhaldY edihl! ih nRhdek ROME YumbeP6r Rh&audf t he
pattern (88 |n2 |n the case of this exanple). 7 Cctober 2003 WO 00/ 61299
PCT/ USOQ' 09099 " A random nunber generator is required for the next step.
~Any suitable randd\t’rils Atthib point, th the rivemion quihrdlter;intdﬂm.e&csrkﬂlé patten igmmedafe@ art may

be utilized, hp&tfagibld IR grSRN Mb(ﬂﬂ'e &a Sdsﬁganoﬂumgﬁulng erat i sigkdid B9 an
obj ectively dgterm%ted staréﬁe&? val ue such .as, chronol o time. Many

r andom nunber "HEHE/ ”(5‘?5‘3}5[5 e PRy g5y ée b SRt of Bgf‘%\é\%ﬁ‘f pagthsT: &nd one (
0 - 1 ), and bdvdr bl widhduis sddod tohtby dghf $iderof g I0hweart (3e Eigee 6Of Thelcife o the

generat or 20A Helifch 84c8d 1sVHe1§endem thn?ﬁﬂ: H&le@&b‘) Qéﬁgitygﬁ'x higher the nucleation density, the

smaller is the required border size. A convenient method of computing the border width, B, is to

refer again to the hypothetical regular hexagon array described above and shown in Figure 5. In
. general, at least three columns of hypothetical hexagons should be incorporated into.the border,

so the border width can be calculated as:

25
B =3(D+ H)
Now, any nucleation point P with coordinates (x,y) where x<B will be copied into the border as
another nucleation point, P*,with a new coordinate (X + X,¥).
30 If the method described in the preceding paragraphs is utilized to generate a resulting

pattern, the pattern will be truly random. This truly random pattern will, by its nature, have a
large distribution of polygon sizes and shapes which may be undesirable in some instances. In
order to provide some degree of control over the degree of randomness associated with the

generation of "nucleation point” locations, a control factor or "constraint" is chosen and referred



also be utilized if the result is converted to some nunber between zero and
one or if appropriate conversion factors are utilized. Ay gRfBEESHo30r 0gram
is witten to run the random nunber generator the desired nunber of
iterations to generate as many random nunbers as is required to equal tw ce
the desired 10 nunber of "nucl eation points" cal cul ated above. As the
nunbers are gRA&VHREd, alternate nunbers are nultiplied DBCTRAGS0HEPI he

maxi nrum X di mensi on or the maxi numY di nmension to generate random pairs of
X and Y coordi nates all having X val ues Between zero and the maxi num X

di mensi on and Y val ues between zero and the maxi rumY di rrensi on. These
-values are t L8H B%aP Q coordina n. nunber to

t he nunber of I;belrr;]ga% éePg’t? ginf&m ?(m1 the gromgnt{ﬁhel%m n m“ileﬁ " RORE

i nvention des@F?tﬁE-‘d‘hlﬁﬁhéi‘%md‘?dﬂ‘ft’eﬂ of W%Pﬂ?&l%@lsﬁaﬁt Br whigewmessnts & mirgghgor i t hm

described in uisencebawiea usy tve @Jice:@ nBleafidn poRP ThE Skhugbh d1s@§1§év@]srégmﬁuﬂatas it is

desired to h?o\ﬁgwt he | eft and right edge of the pattern "nesh" .e., be

capabl e of being *tiled" together, a border of width Bis added to the

ri ght sidedof the 10" square (see Figure 6). The size of the 20 required
border is dependent upon the nucleation sity; the higher the nucleation
density, the smaller is the requiredfbﬁsggr si ze. A conveni ent nethod of
conputing the border width, B, is to refér again to the hypothetica
regul ar hexagon array descri bed above and shown in Figure S. In general,

at least thr ee,hgrpmm)%‘mmal%h&& bou*il%@i%ﬂém%Mé&iﬁd'B?anhé}%ﬁag?J at ed

i nto,the border, re bor d % .can be cal cul at ed
fNow, any nucl eatio CRpnt Ig‘evﬁf"lt'f?l § cfiepres o Jandgmagss”, the prst nuclatigp P?‘mb% COpI ed
into the BHOr dekcedas de&ﬂbﬁdhmve NIE khembeteotad, il Bk calddlatedArbh tha abbey\eq@aion. dﬂd’!)at e

(xmax + x,y). ﬁgpﬁ &d tﬁlﬂ% \Uﬁ&%gl cgﬁéﬁt ﬂ%r?%ﬁiouk t'ﬂf ﬁgc%m ef%ucgeagg} |:f<))mE)a9 s i's

utlllzedto generateafes f'era
random Thi s &YosAayent mastsssion paink (éﬂhcqmdinlﬂte “Bylslgt:@faﬁést the distariee, from ghis bfatrfgﬂe

di stributi on easm;mh YOG By Sth&Sucieiioh ﬁi‘kﬁﬁlﬁﬁhawgh&hy %aypmed URagskisiald § 1ds some

i nst ances. r to i de sone d ontr over, the degree of

randommess aségr(‘:l af 3“5(/\/?‘{)?1: %{' REIGEREFS ?%ﬁ °8?rd‘“%ﬁc?%§flf%dh“}§o‘? At *ff dtat i ons,
~a control Pactererasd. Thispmsess firgpedtedjuntil gl Y peints have beep fuosessiully Pla@dt Bddethat 2003 WO
00161299 PCT/ 4eQ@O009%mldefi0n REbAR:L Gk B8 sze(’nbﬂ\Feﬁaon & SRSy Plhtle | i M t'S
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cither P or P’ is closer to any other point than E, then both P and P* are deleted, and a new set of
random (x,y) coordinates is generated. _

20 If p=0, then the exclusion distance is zero, and the pattern will be truly random. If B=1,
the exclusion distance is equal to the nearest neighbor distance for a hexagonally close-packed

T array, Selecting § between 0 and 1 allows control over the "degree of randomness” between
these two extremes. A

In order to make the pattern a tile in which both the left and right edges tile properly and

25  the top and bottom edges tile properly, borders will have to be used in both the X and Y
directions.

Once the complete set of nucleation points are computed and stored, a Delaunay
triangulation is performed as the precursor step to generating the finished polygonal pattern. The
use of a Delaunay triangulation in this process constitutes a simpler but mathematically

30  equivalent alternative to iteratively “"growing" the polygons from the nucleation points
simultaneously as circles, as described in the theoretical model above. The theme behind
performing the triangulation is to generate sets of three nucleation points forming triangles, such

that a circle constructed to pass through those three points will not include any other nucleation



di stance between any two adj acent nucleation points. The exclusion distance
Eis computed as follows: 5 E 2/3 -FAJ-r where ?. (| anmpdaobes20d®E nunber
density of points (points per unit area) and a ranges fromO to 1. To

i mpl enent. the control of the "degree of randommess”, the first nucleation
point is 10 pl aced as descri bed above. 13 is then selected, and E is

cal cul ated f VOM%E8% above equation. Note that 0, and t hPSTESKEPAY renmi n
constant throughout the placenent of nucleation points. For every
subsequent nucl eation point (x,y) coordihate that is generated, the

di stance fromthis point is conmputed to every other nucleation point that

has al ready t;eﬁ@wmua@leekmé frobmoﬁnﬁta ﬁ&l%&iﬁn%l&%ﬁ%eox&%@?m 1oL A HOLNt,

t he newl y- gener 6’& gg/‘%’ coqgrdi nates are wset T's 15
gener at ed. TﬁFS§“a‘%? Terg 8essiple comhinationcod thifs pycjeation poiRfs. Sith sack niplpption peintbeing
successf ul | y apigasiedunigde nentieh @iteger) medelyefor iddntifk@ticl ;@prte& hitheUgdifisling bdhter

d wh B,
both the o1 drme et yRURLE 6 Onet Bty el St ks RS b0

al | ot her “poi?ftaged paints. F'P%@Pfdpa'm"’cmn? &f @F‘bwﬁeam rmy ngstysesk topdsfimet the han E,

t hen both Pdé]bﬁkdcdﬁn' afafpldlet &ﬁrﬁ&mpa&mjmﬂl the0br8itdtesQF the E!?dfhd@hmué &»d%}m&anﬁtﬂlhnat €s
is generate . t usi o ance ero,. an

pattern will t%&QFL' ‘f/heg’gn m eloitj1 ceahmmfn%&g ﬁ‘fn&?“’gﬂe ﬂé"t‘%fFFcpé‘“F?f equal to
t he near est rh'é?fgﬁhﬂf)tﬁe @F%lﬂdﬁ?ﬁ:%'clﬁ&rthasem%aﬁgmﬁma‘-beytlcltasls(eoqjmkte&auoapwmy

Sel ecting (3 simizwheR 0@ BaE), ﬂaer?thmié@p&:%hﬂ&& mmaamc ool BRHeS GheYaids gpdOMeESS”
bet ween hee'ﬁ{%o "&iﬁ n,or tq make the pattern a tile in which
By b the 1007 RE.HHE AT KGR S SOl ol Sl poni cre iy It dbersomsssied SB t o
edges tile prigpesd three ppgrcleitshesst, ho feauiieart avddendibedicilatidd @togreistiao Xe Al Y

directions. Ghepmlbfikonpl ete set of nucleation points are conputed and
stored, a Del auna trlanlggl ation is perforned as the precursor step to

generating the fiRi€HEPRERY TatealptionAesbemsomplgizd. a Yiarenopiessellatign|ofi2ripags is
triangul at i orhen rpetféringd pr eeess thofisithied Polggwna JongabdiplithUthe rtatehama,t dagral 1y 30
equi val enfs alnhﬁé‘a%tﬂo}ﬁ?sat:& Jsta ﬂ {re\‘tgl of a"ISHa?Mg 'ﬁ%g& %escr | %‘ afpiblﬁm the

nucl eation points. 'similtaneo
“theoretical rfEuIingpEPolypegs ’c‘lﬁt‘*‘tﬁ%“%‘hbﬁ&q“eﬂ%ﬁ"? BRscHp *heh‘éﬂt!rrpplatﬁgi}h%t ion is
to generate $E¢ums®ibeclcbbl€§aafwdﬁbt&&meﬁmap&iaﬁﬁld§ whith ¥icR\ge thdt vedeg) |séa§enna‘3yﬁh that a

ot her “nucl ear gy By S hat AR bl Bk Prlfoe £ edkiiis 20 1Y

enables the coordinates of the vertices of each polygon to be stored sequentially throughout the

20  field of nucleation points. In generating the polygons, a comparison is made such that any
triangle vertices at the boundaries of the pattern are omitted from the calculation since they will
not define a complete polygon.

If it is desired for ease of tiling multiple copies of the same patter together to form a
larger pattern, the polygons generated as a result of nucleation points copied into the

25  computational border may be retained as part of the pattern and overlapped with identical
polygons in an adjacent pattern to aid in matching polygon spacing and registry. Alternatively, as
shown in Figures 3 and 4, the polygons generated as a result of nucleation points copied into the
computational border may be deleted after the triangulation and tessellation are performed such
that adjacent patterns may be abutted with suitable polygon spacing.

30 Once a finished pattern of interlocking polygonal two-dimensional shapes is generated, in
accordance with the present invention such a network of interlocking shapes is utilized as the
design for one web surface of a web of material with the pattern defining the shapes of the bases

 of the three-dimensional, hollow pratrusions formed from the initially planar weB of starting

material. In order to aécomplish this formation of protrusiens from an initially planar web of



14 points within the circle. To performthe Del aunay triangul ation, a
conputer programis witten to assenble every possi bl e cpatdhat pogs of
three nucleation points, with each nucleation point being assigned a

uni que nunber (integer) nerely for identification purposes. The radius and
center point coordinates are then calculated for a circle passing through
each set of tWPA¥6I2Y angularly 5 arranged points. The cooP@i/¥He/e0ocat i ons
of each nucleation point not used to define the particular triangle are

t hen conpared with the coordinates of the& circle (radius and center point)
to determ ne whether any of the other nucleation points fall within the
circle of the [f.t u l.e for

t hose three potla‘ﬁ%gg&%%{saisggsu lﬁ;fom{l& g'f&m B rlsmgEuc e‘gt#%nges' %fc i;“’%1‘&55?'% ng

Wi thin the ci P@ieasjonalisiuchire i areqtodrvehich shsi starting metsesl & calesnétorcm)(oraml byexerting

coordi nat es, t“habwﬁ&bmﬁ@tnt&emﬁmaya&drﬁmemngma& and Y coor dl nates of
the circle center ﬁgeﬁggggiﬁﬂ gl ? gonst r%cte% | Ir t hree
points fails the test, Rkl i le OF poliegn xegre%, rf“ﬁ55 ﬁﬁﬁ’yélﬁ? SPtP”Bﬁ“ gf‘%“bresses
to the next dingdrafing Mebe npdv oft the ﬁmsh@mtsem hépd?}tsmau"ﬁnwpattm agbe wilizedin has
been conpl et edgnvéhtidl QEl‘ﬁUn ds ARSiRut Bltle@¥orOf meaISPRG e tdnRg pHEéE‘ PRkt QhiRd tO
generate the flnlsh§3 xggns To acco |ISh he tessellation, each 15
nucl eati on poiferL%R ?jﬂlg_lg Uiy 12 ByRateT Rengt e‘ﬁ’eﬁéﬂ‘eéﬁ}’@%?sisrdf’ﬁﬁ‘blaémlﬁm t he
center of a potoggmran Eheiteutolaidieeof mbia@argt! hgotv cach folygon side s intrensd wer by
sequential |y Q@d&p@xﬁﬂeﬁwdm&e%@&@&tﬂgblﬂoﬁsacgorréspéndmgir&o%ﬁcr' bed circles of

each of the Del aun rian nclude that vertex, sequentially in
€l bckwi se Fashi on. W%%Pwughé@@dﬂe}“él% theo pressRt BERmttnshave beeny dlygited ik or der
such as cl ockwkssbed, éneibl be sbvidue toch®e cliilkd tirethe ark tlﬁhﬁnmrchmgeesnmodﬁ&mnspol ygon
to be stored 0] C fi ints. In
generating thzsgyﬁe%%%dﬁt éegmr%gérb%?genépmm% aJé’le 8 ‘9?1’"5%19#1 an%at =8 telmgegg e
vertices at t K &ehp i ameideselaips dllsechmedifieatipns thatargypithin teepeqpe effﬁ“tlh‘@ﬂ@al cul ation
since they will not defi.-ne a conplete polygon. If it is desired for ease
of tiling rgultiple copies of the sanme pattern together to forma |arger
pattern, t]he pol ygons generated as a result of nucleation points copied -
_into the 25 conputational border may be retained as part of the pattern
and overl apped with identical polygons in an adjacent pattern to aid in

mat chi ng pol ygon spacing and registry. Alternatively, as shown in Figures
3 and 4, the polygons generated as a result of nucleation points copied
into the conputational border nay be deleted after the triangul ation and
tessellation are perfornmed such that adjacent patterns nmay be abutted with
sui t abl e pol ygon spacing. 30 Once a finished pattern of interlocking

pol ygonal two-di nensional shapes is generated, in accordance with the
present- i nventi on such a network of .interlocking shapes is utilized as the
design for one web surface of a web of material with the pattern defining
theé shapes of the bases




of the three-dinensional, hollow protrusions forned fromthe initially

pl anar web of starting material. In order to acconplish tsgpkppnmd i on of
protrusions froman initially planar web of 7 October 2003 WD 00/ 61299

PCTI (JS00109099 15 starting material, a suitable form ng structure

conpri sing a megRkiye of the desired finished three- di mPﬁ-;bﬁ%%‘,l ggtructure
is created which the-starting material is caused to confor [’)%9 exerting
suitable farces sufficient to permanentl% deformthe starting material.
Fromthe conpleted data file of polygon Vertex coordi nates, a physi cal
output such as a 5 line drawing nmay be nmade of the finished pattern of

pol ygons. This pattern may be utilized in conventional fashion as the input
pattern for a netal screen etching process to forma three- dinensional
forming struct 88, 19 FLAIMER &8% er spaci ng bet ween the pol ygons is desired, a
conputer programcan be witten to add one or nore parallel lines to each
pol ygon side tb i nérhgecdenersine sfhpdfrsine risineiprosesn said pepesycomsisingtiiveters pize  Of  t he
pol ygons a corresp@di nagpizimoaitiddhesiveke cifinkuble pated ghe epRoatiorodi nent s of t he

present invention k@ve @g@ggsLi“duesit,crt@;ﬁgpﬁmdegﬁgﬁgr,iopggm-ie%gaé% al:ggmgbvi ous
to those skilled in the Qeﬁedt@%2m¥&rﬂ°“§ cqan es and npditications may be
made without departing Trom Lhe epiritean %“éeg%'épag?“fﬁgﬁfswgﬁ?‘}gfﬂqi and it
is intended to cof@r iTSERE “shpfehuerrEt drtTen sid fig padserpadt prfbossing ol et hat
are within the scope ofafgéngal limusetth dmltanddusiyenBost aliewb 2083y W ARLiR1C29
PCT/ US00/ 09099 16 WWHAT WeB shok thbeMiRuthese folims afuahibigHpare R 685k LAPRS SN and

esive printing process, said process conprising the steps of. (a) :
gﬁSI ying said f\dhei_iuve to gh,confor_ mabl e heated glue application roll; (b)
appl yi ng sai d ‘adhesRPEFFT Heimd it sepess Bes®iSossi ng rol | which i s engaged
with a second pat f@r newrlérgsosdssivgo sl | havi ng a conpl enentary pattern to
sai d first. enbossi gy r othiling i6 }ERES b RGwA KikRss trouNARIs TREGRE fbs RELNEEN said
first and second enbossiRgiyofikenBhe dlis; sdg@ngeNti al 1ine speed to
si mul t aneousl y enb%?s saaild vve‘gﬁ%@n ap Igrsabi d.  adhesive to said web, such
that sai d adhesive'fornB" arr Adnas]ve g‘ﬁ B sptrRlisEe Bhbossment s. 2. The
process of Caim1l1, further conprising the steps of: (a) applying an
~adhesive to a ¥ ol | The procesdpf Chtinl1) firthg capiistlg dedrpsitve t 0 a reduced t hi ckness

through a series ofs) Metwkskns AR fRRLNR&hd @mbossing roll to said first embossing rolk: and
(b) stripping said web from said first embossing roll.

4. The process of Claim 1, further comprising the step of cooling said wgb after said embossing step.
5. The process of Claim 1, wherein said adhesive is a hot melt adhesive.

/ : ) 6. The process of Claim l., wherein said rolls are heated.
7. The pracess of Claim 1, further comprising the steps of:

(a) applying an adhesive to a roll rotating at an initial tangential speed;

(b} milling said adhesive to & reduced thickness and accelerating said adhesive through a
series of metering gaps between a plurality of adjacent glue rolls; and

{c) applying said adhesive to said conformable glue application roll rotating at said tangential
line speed which is higher than said initial tangential speed.

8. The process of Claim 1, wherein said adhesive is extruded from a heated slot die.



plurality of adjacent glue rolls; and (c) applying said adhesive to said
conformabl e glue application roll. 3. The process of C ai mottobkrpddrer
conprising the steps of: (a) transferring said web from said second
enbossing roll to said first enbossing roll; and (b) stripping said web
fromsaid fi rg}ooﬁn‘oossi ng roll. 4. The process of Caim1l, further
conprising the™s ’glﬁ”of cooling said web after said enbossPeEHUNPER899 5. The
process of Claim 1, wherein said adhesive is a hot nelt adhesive. 6. The
process of Caim1, wherein said rolls1@re heated. 7. The process of Claim
1, further conprising the steps of: (a) applying an adhesive to a roll
rotating at am. ini frie@locetsFPEASAY ] vBbrei : 11]l.ing.said adhesive to a
reduced t hi ckness gmraaecg cel erat.i nr?@sag_l tpé‘%ﬁl’léds%‘lésqgﬁ%&uaglmge%ﬁw‘ég‘“%f
metering gaps between a prurarteyierlsyradreatrsisgilie rolls; and (c) applying
sai d adhesive to said conformable glue application roll rotating at said
tangential |ilfe sPeedcahifChin § whigheR fishRlentdbsmbodsig foll Ford-ADARRL k@l SPEET.
8. The process of &ha@hm 1, wherein said adhesive is extruded from a heated
slot die. 7 Cctober 2003 WO 00/ 61299 PCTI USO0/ 09099 17 9. The process of
Claim1; wherein said first patterned enbossing roll is a fenal e enbossing
roll and said second patterned enbossing roll is a nmale enbossing roll.
10. The Process of Claim1l, wherein said first patterned enbossing roll

i ncludes a rel ease coating thereon.

O
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(57) Abstract

a seties of metering gaps between a plurality of adjacent heated glue

web,

(84) Title; KIGH SPEED EMBOSSING AND ADHESIVE PRINTING PROCESS AND APPARATUS

‘The present invention provides a process which in a preferred embodiment includes the steps of (a) applying a hot melt adhesive to
a heated rol} rotating at an intitial tangential speed; (b) milling the adhesive to a reduced thickness and accelerating said adhesive through

rotating at a tangential line speed which is higher than the initial tangential speed; (d) applying the adhesive to a first patterned embossing
rolk which is engaged with a second patterned embossing roll having a complementary pattsm to the first embossing roll, the embossing rolls
being heated; (e) passing a web of sheet material between the first and second cmbossing rolls at the tangential line speed to simultaneously
emboss the web and apply the adhesive to the web, such that the adheslve forms an adhesive pattem betwesn embossments; (f} transferring
the web from the second embossing roll to the first embossing roll; (g) stripping the web from the first embossing roll; and (k) cooling the

rolls; (c) applying the adhesive to a conformable glue appication roll
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