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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 2 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.



Accordingly, it would be desirable to provide a process and apparat 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
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invention, it is believed that OV e w |l be better
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in conjunction w t Fhetrersent BreabeppaetdengPraseewiifidn a praferpd eathodimngnt ineludes thenc e
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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 i ON B zM;:FJ;T{‘%Eof di mensi ons
referenced in the Paile by speqification genclydes witly claitns which pecrisplerly print dut erdelistircis ent

i nvention. DETfik ER plberiGRl dRdnON isWelicl A MEENEL M vertio W AOR Dot DsheARPAT at US:

glr gg;ﬁt it ust} I;nat gsfolllor\lfmsgc egcrllt%ttic;nco prefrpre%he?nbgcgtments takenngn (E:B.JJ El?f&%% u\&%thltge of 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



I nvention. The apparatus is conposed fundanentally of two mated enbossi ng
roll's 15 and 16, nultiple glue neteringlapplication rollgaldy %420}%
pressure roll 17, a strip-off roll 18, and a chilled S—vvrap e
enbossing rolls are steel, with a matched enbossing pattern etched into

t hem 10 which interl ocks to enboss a web of sheet material passed

t her ebet ween. WHAYSI?S| | wi th pockets and raised | ands is FaEfuseweehst o as t he
femal e enbossing roll 15, while the roll with raised nubs and recessed
lands is referred to as the nale enbossigg roll 16. The femal e enbossi ng
roll preferably has a release coating applied to its surface. The glue

application/ neter ol 1 cal) al t nat e between being plain
steel or rubber-coigg’gdgéstaesece tﬁél ﬁ%@’é zﬂ‘ﬂ{?*"b"aﬂ nped | the pattepgsnqrasior 15
roll in the gleguetionyusefhyiththe nodsevtiipgentiobber coated steel . The pressure rol |
17 and strip off roll 18 -are also rubber coated steel. The chilled S-wap

I s conposed of holl ow st eg [9 Is 19 vmth a_release coating on their
out si de surfaces and cool &f IO OF THEINVENTION The di recti on of

roll rotatidon is SMMM 1 W|th arrows. Mre speC|f|caIIy, W|th
reference to Figurg [ | 1 DI
gu]'e 1@(\15@41‘43% § té%llﬁ‘l Exg ?ac&?tamm?pg ?& ]py [he rels%l{ ating

sensitive adhesi Vg(% O is extruded onto the “sur | rst

roll i 1 via 'AE © SPR3fatg fsgomppsedfipdamniz{ly gf two mgted erptpssnmolbys andhi6t nel t
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shown) t hroug at e spee first t he ue
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metering rolls | S conS|
?sp}sed of tlfle Wit wfeﬂgq’f@@temhtﬁfeww Sh%m#@ﬂlb@%m@dmaﬁﬁe @il wish packetc 0at ed.

The metering aidysised laddsSévessied iiaskheGetia chb@SingoRtd, AR e rolPwitdDis@MGbs3ng ThE

remai ni n lu 14 rotate sively faster so that the
gl ue apgl ?ca?f%ﬁehﬁagﬁqgm 'l[dtoas]ﬂ%f hgle e ?f?lf’%(?lz gg@“é fretretre T Eefgtle 40 i s

transferred f P%ﬁr‘hfﬂﬁ‘@ grting aPPéiﬁipqollteaFfP@n Thooglke applicttiontrimgerifiewild B-@njpasiyi ng rol |
15 at stati Onalﬂ:mafgm&w%nlb&nﬁﬂaxﬁ Etey 6 rabbd-dolted 1. 'lfh? Eﬁi %pﬁc‘mq'ai ﬂ!g(thg
pol we
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surface t 5staolm 2 tere |]t IS %Oﬂbl ed W rrer gamlhlch
is carrie 0 "SPEETDHSEN P AVRE EOE seRiE Stetly "tﬂ’?ss"i%“’ué andystrigroffirolbl$ 5, t he
~ pol yner vveb 5@"~‘|a!§° atrbo seated sieeld The piiiled Selvrup ishomﬂnadg,ruﬂloﬂr(}teelsblmnlgt\ﬁmetousI y to

form an adhes ke‘é@se@@ﬁh@& W bufe sulfi&s X}ﬁroﬁ’let ﬂcgll%qg-orlgﬂ t}lleb(ﬁlss‘!"% GRESio of roll

15, travels WT L %oll l,‘surfaceh to station wher e oer  coat ed
pressure roll 70%13}5?55"%"'“& ABE W aeYS he gl ued portion of the web. The web
60, still glued tdverhepefiBorily, evite rdfoesd 0 Figuel 1| anldhesive a\t@IaSah&Gne&tp&Esiuﬁn 7,

18 The 7700t chabRSietic st B bl R PIR RO Bl B ZhlRadlde Tl
adhesi ve- coat gdﬁﬁélﬁ‘t ‘BB‘SF‘WB]I’F {oy 2Dttt pugply pystem Kyith|agated happgiend Gariable peedt i on 8,

where it is g@aopussl, fobshbwro) KtEdSEa hehtsd lﬁ;tser emgiuhace e 2EB @t Mehe(gRE metkitg) 40 S
apql ied to thgyl ﬁqgcoﬂgx&?&%lygl owlr38n Ihgn tearqrgtgiﬁs {nQ (s:l)e doof Lhe w5b 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, tl';':lVBlS
to station 7, where it is stripped off the female embossing roll 15 via strip-off roll 18. The



only. This is acconplished by carefully controlling the fenmal e enbossing
roll to glue application 5 roll clearance and runout at $ fdb% 603 The gap
bet ween these rolls is controlled such that the glue covere roll 14
applies glue to the lands only, w thout pressing the glue |nto the recesses
or pockets between | ands. The glue application roll 14 is a rubber coated
steel roll. TWeowakdser coating is ground in a special pragagsodeeoachi eve
approximately 0.001 inches TIE runout tolerance. The nip is 10 controlled
in the machine with precision wedge bl ocks. A rubber coating is utilized to
(1) protect the coating on the fenal e enbossing roll 15 from damage due to
met al -t o- met alg 2 w the glue application roll to be
very lightly pre%ggg@%%{v éclo‘%gff %bhgg%f rﬁYe ‘8%6&@?‘%@“’?&1? at siggjon Hyehere fitrje

defl ection of C?W‘?@Hfﬁé?mémnsat es for the actual runout of the enbossing
roll and gl ue appmeqaﬁegloaof Ld I ere
evenly on the fe (of £ )’40%3&319}%%%*32{%!'%3%0?&? eemrossu(;ftrolxm@roll 14
is lightly pr esgrqums '&ﬁ“ﬂ%"?’a?ﬁgy% ¥“é’“§%§é‘§|fﬁ@f'?fﬁ1b1338%m§ mivetanémaupme

def | ecti on Sof r@h&;ﬁﬁm@d@bﬂmutraiﬁm&ntdﬂipgup&ame&tﬁe@drol&MStSdll&gsuEiﬂhaltth@Qlde gl ue
application rQbdered , t) h a ress
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Deposi tion of oS eErRdings| y onto the |lands of the fenmale errb055| ng 20
roll 15 i s essent i e gluoamplieia@ittll B itierublieDétatb@itddOroll. rmsﬁw&m@a@ln@@%@‘mh@ tops

of the enboss MY resent._on the to
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utilized is highbayingdnamtimaid e&b&ﬁﬁgﬂ)l@ls @d%ddaa;aéefdaeﬂé hkﬁﬂ@-mfet%ﬁ% t ah gzt tonary
slot die 9 to in th ue g

Nt al |ne S d can resu
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movi ng rol | aﬂ;ﬁi:hiahaﬂrotlmn@ﬂﬁ@glﬁe BYeiafflic®t &E ROy IRRR 2, and
3) it is d down to a very thi ﬁﬂlgl u"('=',iﬁ1‘%’|il | m anﬁ accetf%?eg%ﬂggﬂgg rdt“he
desired tangen |aI | ine speed. The glue rolls nust be ground to exacting
“tol erances .for di aiheglwe apphationroibis is ightlyrpriesstdadgainst mh&mpléexﬁt'bob?ﬁlgirat I:'srsudh0| | gap

di nensi ons I‘eq)uﬂtﬁ&gﬂé Qén Fhid BunbE out 30
tol erance is 0Q05 it gnches Tl Rgﬂaéerb u%teggf&b%%ﬁ%#&%d% 'a“t?’rln orny

ci rcunferenti 51“?‘&5’ ihige Sdgiey ‘St"ﬂ‘esc’r‘?éﬁéﬁf ePrest placintoghe R%keh‘vlblhﬁ surface of the
t her mal | y- i ndéeeld embassing rlt 15 Damsitionaf glidieclidlelySnto ke ldAdBSS 1he RRiale babadhgt hat , i n

the case ab ClSiletaliadio HeRhEAbe G béing AnRrflBbifls AEBERN 1t Bootlh S CRT T eate

enough runout cerevent uni form gl ue printing ch a
case, anmeter ge‘hr‘% ERYEPreEDt PhiGF BB ﬂlerré&?serrwnfsa’fopu rcause thpge 4t exhibie edhesive ough
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V\D }00/ 61299 PCT/ U%%Qécﬁn?s@v% %r éue utilized is highly elastic in nature, and a transition from a 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



prevents uniformglue printing. Oten the roll's bearing bl ocks nust be
heated to prevent tenperature gradients in the cross machidagudl b&ss 1 on.
The femal e enbossing roll 15 preferably includes a rel ease coating applied
to both the land surfaces and to the surfaces of the pockets or recesses
t her ebetween. The rel ease coating 5 and the glue properties nust be
careful ly bal¥Aé¥d2%o provi de the best conbination of adiregiuseo/eese rel ease.
The coating nust allow the very hot (typically 300-350F) glue to transfer
to the .female enbossing roll and yet a§l ow t he adhesive-coated pol yner
filmweb to rel ease at the enbossing roll tenperature (typically
160-180F). If t&gtsrugjfeasgx coatin rogt s too little adhesion, the glue
will not tran8fer fromtHeE prme g%%r‘it Pl §rbe3i9e |blofls M5k be besigd do asAssi ng
roll, 10 whi | tempgraterh gradientsdmthecross ahdhing dipetamot es t oo nuch adhesi on, the fi nal
adhesi ve- coat ed wef, I Qf .1 f | e
ERRRQAUnbREing BT Egraf)lgﬁ)xﬁlé:h{l% erét)’a(s){ %%tgnig ap?hletlt’]ﬁ)’l bo$ﬁie film

enbossi ng rolk‘!né%‘hout tearing or stretc
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crisp, high- calditipegluegndpotismunt i casfillychalansd toyovitle WRhedt ichiBintBdh dradnegdnease
fromthe fem | 1 t.h rostLlhR:QEf . farce. . However, the
t enper at ur e o%‘ﬁ trﬁgeé%ﬁg%gga?lb\%g?%mog t#ﬂ“s? lg’g&ﬁ’écﬁ?y %)lte)}lats)@ht%'ée ' %ﬂ“gﬁﬁ" poi nt
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"t_;'ldi t i ondO0f owhilspitherelrasecontinginogitestoemerh adipgorThefinet sdhgivetdated @kl camestiest S i n
removing the fembab frbh @G ticd SRR fBBhErof WRASERE: bQlrkichinpitle B e d2MaYI Ng
the film Sin l:;,\1_Lthe product (filmweb) is glued to t%e surface of the
femal e enbossing roll, very high forces can be devel oped at the strip-off
poi nt. The strip dhtfilmpthbuld beoamipbssedens tht higiet passiph efnbossies teineraure/d pybmdOTN t
length of Weberish OgsH.dihidf) edbbsdS ofl S1oQ! th Quﬂedoﬁlmt@% WeR1eqsE MR ?egsﬁnt.ro'
over the ?%I’I - Of f arﬁg{gg. Preventing distortion of the ?srnar‘ product is
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ground to a Op6h5inkdeihing Rlcbssful BEetiting @hdtioad B operdtihg aci@ageaent is 30
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teghni que 1S {0l QbR H sildkho 3 lefh BorPEOSWED iRy RUESTaGRSh oflle et © 7

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
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roll as a negative inmage. The equi pnent nmust also be desy %F)@eﬁ 0?33 to

mai ntai n preci se synchroni zati on of the mati ng enbossi ng rol

enbossing and glue rolls are all individually heated and controlled to

al low precise control of glue transfer tenperatures and enbossing roll

rel ease tenpeVarLls®® 5 The use of mating mal e and fennl e mTass®osomy rol | s of
conpl ementary pattern shapes fully supports the thin filmweb during the
enbossi ng and adhesi ve process step to egsure that the forces are properly
distributed within the fil mmaterial Ful | support of the web, as opposed
to therm)forrg ng, or, yacuym f o ﬁlg II | mwith an open support structure
such as an apéFtir 8w P&Ff % m&lfhﬁu FoTE & anegaEe BB |16 ciPmen awgielio bei ng

def or med i nt o desimedspertp mme@m@recweemehmmsanmsofm mafePpRiiigatls. i S bel i eved to
all ow an increase I [

wi t hout danmage to ?ﬁgw\/\gﬁ%ﬁiggﬁ%}ﬁﬁs@gfpl ﬁa‘& g‘%ﬂ%h&{]‘?ﬁd@& E%S lﬁwsnﬁeégﬁs The
si mul t aneous YA EIHT‘F"Bfferéqmp?‘ﬁ‘@’e%lﬂ’ﬁé@%%f‘gtr@lTF‘H@“‘*PPW@W| ng the errb035| ng
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) Pattern Generation:
l 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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term ' 1sorn0rph1c" is generally in accordance with the ordmary meaning of the term as evidenced

25 by the corresponding 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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) . regularity in the size, shape, spacing, and/or orientation of protrusions. Accordingly, a line or ray

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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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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related mathematical modeling tcchmques 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



Broughton and G A. Davies, which appeared in the Journal of Menbrane
Science. Vol. 106 (1995), at pp. 89-101, the disclosure phHoperbods hereby
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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:

o
WD+ 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).



be selected with regard to the average size and spacing of the pol ygons
desired in the finished 20 pattern. Larger nunbers corresporthbep2aigl | er
pol ygons, and vice-versa. A useful approach to determ ning the appropriate
nunber of nucleation points or polygons is to conpute the number of
polygons of an artificial, hypothetical, uniformsize and shape that woul d
be required t¥OV§1P9%¢ he desired forni ng structure. |f tHhPGI/EROVIPG9CI al
pattern is an array of regular hexagons 30 (see Figure 5), with D being

t he edge-to-edge di nension and M bei ng tlke spaci ng between the hexagons,

25 then the nunber density of hexagons N is: 2 N3(D+r M2 It has been
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20  required border is dependent upon the nucleation density; the 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



have the left and right edge of the pattern "nmesh", i.e., be capable of
being "tiled" together, a border of width B is added to #hgighkphigzsi de of
the 10" square (see Figure 6). The size of the 20 required border is
dependent upon the nucleation density; the higher the nucleation density,
the smaller is the required border size. A convenient nethod of conputing
the border wWiHPRYeIES is to refer again to the hypotheti cRCT/Yssgepsr hexagon
array descri bed above and shown in Figure S. In general, at |least three
col ums of hypot hetical hexagons shoul d 13e incorporated into,the border,

so the border width can be calculated as: 25 B = 3(D + H) Now, any

-nucl eati on pol i r . wher.e. x<B wi.l|. be copied.into the
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si zes and shapes Whi ch nay be undesirable in sone instances. In order to
provi de sofe degree of control over the degree of randommess associ at ed
with the generation of "nucleation pointjglocations, a control factor or
"constraint" is chosen and referred 7 KX er 2003 WD 00161299

PCT/ US00109099 13 to hereafter as R (beta). The constraint limts the

proxi mty of neighboring nucleation point |ocations through the '
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generated. This_process .i ol ERE ted unti| I@I | N poi.nts ,havF tlE)eer,l
successful |y 5F%@>gt§ the Qrigina E%Fa adﬁhe copied point P' must be checked against all other points, If
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



the tiling algorithmuseful in accordance wth the present invention, for
all points (x,y) where x<B, both the original point P anﬂck&%eeg@mﬁd poi nt
P' nmust be checked against all other points. If either Por P is closer
to any other point than E, then both P and P are del eted, and a new set of
random (x,y) coordinates is generated. 20 If a=0, then the excl usion

di stance is 28 Y612%d the pattern will be truly random [PCTAS00£3099 t he

excl usion distance is equal to the nearest neighbor distance for a
hexagonal | y cl ose-packed array. Selectldhg (3 between 0 and 1 allows
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2-space is ot define a complete polygon.

0)

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



then perforned to generate the finished polygons. To acconplish the
tessel lation, each 15 nucleation point saved as being a vextesr ofioa
Del aunay triangle fornms the center of a polygon. The outline of the polygon
is then constructed by sequentially connecting the center points of the
circunscribed circles of each of the Del aunay triangles, which include that
vertex, sequeWPI¥$®®3® in clockw se fashion. Saving these BGHES0@0%eNt er
points in a repetitive order such as clockwi se enables the coordi nates of
the vertices of each polygon to be storeld sequentially throughout the 20
field of nucleation points. In generating the polygons, a conparison is
made such that i es at th oundar t ttern are
omtted from t cal t%%‘ g obﬁe ﬁéﬁ%e&fcﬁm i ﬁ?ngg no%qu‘ffée I Flgesﬁed f@ﬁﬁg
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pattern toget bﬂfabxamrctmﬂb@nd;ﬁfng%ﬂpaaf&ﬁmsm&lhwmaygons generated as a
result of nucleati Qi nt 0. I.nt.o naI der may be
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result of nucl eatl on nts copl ed into i onal border nmay be
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finished patt qidh @ tefih Blckeieltledtd RAUYOORR » oitBpdllFPRANA! shapes i s

ener at ed, accordance with the present invention such a network of

?n} erl ocklqug shape¥hifes pagicpiey f'é?fd’&?“‘E 1 they REFEFINFBHono e hew Husrat andbf a web
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15 startlng material, a suitable formng structure conprising a negative of
the desir finished three- dinensional structure is created which the
starting material is caused to conformto by exerting suitable farces
~sufficient to permanently deformthe starting material. Fromthe conpleted
data file of polygon vertex coordi nates, a physical output such as a 5

| ine drawi ng may be nade of the finished pattern of polygons. This pattern
may be utilizéed in conventional fashion as the input pattern for a netal
screen etching process to forma three- dinensional formng structure. If a
greater spacing between the polygons is desired, a conmputer program can be
witten to add one or nore parallel lines to each polygon side to increase
their wdth (and hence decrease the size of the polygons a correspondi ng
anount ). 10 Wile particular enbodi nents of the present invention have been
illustrated and




described, it will be obvious to those skilled in the art that various
changes and nodifications may be nmade w thout departing feempeheo@pirit
and scope of the invention, and it is intended to cover in the appended
clainms all such nodifications that are within the scope of the invention.
15 7 Oct ober Hh3s)6 00/ 61299 PCT/ US00/ 09099 16 WHAT | S C¥é%@§§!%8: 1. A
hi gh speed enbossi ng-and adhesive printing process, said p g %bnprising
the steps of. (a) applying said adhesive to a conformabl e heated gl ue
application roll; (b) applying said adhe$i ve to a fast patterned enbossi ng
roll which is engaged with a second patterned enbossing roll having a
conplenmentary pattern to said first enbossing roll; (c) passing a web of
sheet material between said first and second enbossing rolls at a
tangential |i nSApELGLATEL tHy| t aneous| y enboss said web and apply said
adhesive to sajd web, such that said adhesive fornms an adhesive pattern
bet ween enbosshent & bigh seecfgmbopsingengadkesiyrprietingipropess, seidprpeestromprigmmimsEs bhg t he
steps of: (a) appl y@ng aplyiekiésihesie td ogonkadle hdated glue Gfplicatibh boli Ng sai d adhesi ve

to.a r_educed t h! ckpgss #ngma&si%ﬂﬁiﬁpﬁgmemgﬁfnmﬂm%ep%e%ﬁﬂs ond .
plurality of adjacent g;laye?negecx)rlbtl:hss' rcﬁl%gvingczo a‘BBJ Ing sald acﬁnesyve 0 said
conf ormabl e gl ue application T oy REPrOCEsE o g&jd fystrmossine splly her
conprising the stefd ofPssEay vh offiqeipiterisl petwesp apid\fryy 2hd ssvends enibossivoobred o
enbossing roll to said tigend ligmipois immdtaneail} embasndid welbdgdnd Sh¥y sidRgveSddad Web
fromsaid first enbossivag, sichibht saidthdneshid SR ORRSR: potern Ctdbed Bribossdetdd, t T

C rising the step of cooling said web after said enbossing step. 5. The
ﬂ?ggess of C 'n1lThmherein_said adhesive is a hot nelt adhesive. 6. The
process of O afm 1, SHFEFEfHeEd i srpemghes st ed. 7. The process of daim
1, further conprisi¥g tdelviegepghesipftoasplh) appl yi ng an adhesive to a rol
rotating at an inial hitingenbdiaive ©pREDid tidijessMirdubtl RGeS R lerBENEHMELLO @
reduced thickness and agedilyeFahded Gucidthdneddhesi ve through a “series of

met eri ng gaps bet wg‘:?n a ﬁl.ur a“ﬂ#% of ,gqjgfaceﬁ?t ?I ue rolls; and (c) applying
sai d adhesive to safd contornape ¢ HEHBPrelt reietetrt rotating at said
tangential |ine speed which is higher than said initial tangential speed.
- 8. The process® of Ghepropasshof Ciilna/figtha capiistly Acdrpsitve i s extruded from a heat ed

slot die. 7 Cctobegs) 200@nsferring said web from said second embossing roll to said first embossing roll; 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.



WO 00/ 61299 PCTI USO0/ 09099 17 9. The process of Caim1l; wherein said first
patterned enbossing roll is a femal e enbossing roll and Bachbhsezwy

patterned enbossing roll is a male enbossing roll. 10. The Process of Caim
1, wherein said first patterned enbossing roll includes a rel ease coating
t her eon. (54) Title: H GH SPEED EMBOSSI NG AND ADHESI VE

PRI NTI NG PROCEESYERM APPARATUS (57) Abstract The present PEHUSHE909N

provi des a process which in a preferred enbodi ment includes the steps of

(a) applying a hot nelt adhesive to al@eated roll rotating at an intitial
tangential speed; (b) mlling the adhesive to a reduced thickness and

accel erating sai d sdbRsk\echiiih Qi I net er.| aps between a
plurality of adjacgﬁamp at ed g+ug§?% f%ﬁﬁ%gigg%%?§fh§ag e §§ﬁ§§$vgm?o a
conformabl e gl ue appi cat Fon s oresing gz Pfgmpsiogroflangent i al | i ne speed which
is higher than the initial tangential speed; (d) applying the adhesive to a
first -patternd@ enfogsreget Chil i, whdichidinf RAGREGGbokE RI SRR RRPALEET Ned
enbossing rol |l havipggna conpl enentary pattern to the first enbossing roll,
the enbossing rolls being heated; (e) passing a web of sheet materi al
between the first and second enbossing rolls at the tangential |ine speed
to sinultaneously enboss the web and apply the adhesive to the web, such
that the adheSive forns an adhesive pattern between enbossnents; (f)
transferring the web fromthe second enbossing roll to the first enbossing
roll; (g) stripping the web fromthe first enbossing roll; and (h) cooling

.%ES web.





