1 Process for producing sandwi ch structures with particulate materi al
pattern Field of the invention 5 The present invention is a process for
formng a very well defined pattern of particulate material in a conposite
material conprising a web material and particul ate absorbent material. The
present invention relates also to a nethod for determ ning the equi pnent
desi gn and process paraneter for such a process. In a particular
application, the present invention provides a process for preparing liquid
absorbent structures, such as may be useful for disposabl e absorbent
articles. 10 Background Conposite structures conprising particul ate
material in a particular pattern are mell knomn_rn the art see, e.qg.
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absorbent materials such as partlcu]ate absorbent polymer matcnal often referred to as absorbent

25  gelling material or as super absorbents, are also known. In WO 03/101622A2 (Tombiilt et al.;
P&G), a pulsing process for creating discontinuous particulate distribution is disclosed, and a
similar structure may be produced according to US 5213817 (Pelley; McNeill PPC).

Processes aiming at depositing a pattern of particulate absorbent material onto a web are
described in US 4800102 (Takada; Nordson), employing a rotating mask, or in WO 92/019198A

30  (Pemebom / Melnlycke) showing a linearly moving mask. FR-A-2583377 (Piron; Colgate
Palmolive) discloses a metering drum info which absorbent powder is fed from a hopper for
creating discontinuous pattern on a carrier on a conveyor belt. The drum is operated in a step-wise

‘movement.
US-5494622 (Heath et al.; K-C), aims at producing pockets of particles in a desired pattern on a

35  web moving at high speed. A pattern chamber is supplied with particles of high absorbency




2 material through which a gas perneable web is transported on a surface
having a pattern of openings through which a vacuumis drawn so as to
cause the particles to be deposited on the web in the pattern of the
openings in the surface. The web carrying the particles is covered by a

| ayer of liquid perneable material and the tension applied to the
pernmeable web is varied to vary the 5 porosity of the web. The particles
are held on the web in the desired patbgrn of pockets while surplus
particles between the pockets are renoved. The thusly formed pockets form
"islands", i.e. they are conpletely surrounded by bonded regions. Wil st
such docunents descri be various approaches to the deposition of particul ate
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not for application in e manufacturing drsposabl e absqrbent articles.
Summary 25 THEbl desigyath dhebest process prlingsy ’égﬁ‘i'ﬂ"mi fﬁr\i’éﬁt“ﬁ Byndery copdifigna s s of
Creating a sangyhgchutgi, btki-tiwe bSO MPIRtS sy as Parttincuadsay fr radreleiegledgandw ched
bet ween wefy n’qgn%\erl als in a very well defined pattern. This process
conprises the steps of - creating such predeterm ned patterns in a pattern
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disposable absorbent articles.

Summary
25  Thus in one aspect, the present invention is a process of creating a sandwich structure comprising

particulate material sandwiched between web materials in a very well defined pattern, This
process comprises the steps of
- creating such predetermined patterns in a pattern forming means on a transfer device,
depositing the thusly formed patterns on a carrier web material,
30 - covering the pattern on this carrier material by a cover web material,
and bonding the carrier and cover web material to form the sandwich sthucture, thereby
immobilizing the pattern.
“To this end, there are provided: a particulate material; a transfer device comprising a first pattern
forming means for receiving particulate material in a receiving region and transferring it to an

35  discharging region, an essentially flat web material as carrier and / or cover material forming the




35 discharging region, an essentially flat web material as carrier and / or
cover material formng the 3 outer layers of the sandw ch; an essentially
endl ess carrier support nmeans for the carrier having a ' support pattern
corresponding to the pattern of the first pattern form ng neans of the -
transfer '.. device; a carrier material holding nmeans for tenporarily
attaching the carrier material to the surface of the carrier support neans;
and sandwi ch fixation nmeans for conbini gg the sandwich 5 structure The
carrier and the cover material may be unitary for formng both outer

sandwi ch layers or may be different materials formng the outer sandw ch

| ayers; The process further conprises the execution of the follow ng steps:
transferring t&er pgdstol bedaphvidh; anBiceiallpdnditsdcatrREsufpBe Abavd AGhclc@flr 6Ringh t he
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particul ate cluster ern Iculate material to
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mat eri al over wuiige cfather dargier sepppodadts; e sindvidtfixaion peny foepmSpaat: s@vicespondi ng
to the carrserstrﬁddpeport speed' def orm' ng the carrier web material by the
carrier rraterlﬂw hol d dQ% g b t hat _ap i.ndentation |§qforrred in the
unsupported reg’ SHE: 2" évgwte?a PHICHYHHEY BRIPTEE TR 1Y SIRERIPHY I t he
particul ate cIt@dltfferﬂtmt?ftabfonmnaebepetﬁrlsandrgcftih’ers,part| culate 15 material fromthe
transfer devi cme p@mrmwtch@pr@@mﬁ leﬁeuuord&msmromgstépbera@fepﬁé lh@phrdaas:; iculate

materi al on tn@%rlg?o tge recewmg re mn qrthreltr(:"rs{eri.I v1ce w€{eb the %QF?X& t § meay ©r

material to the carrier tietrat'e at eri al ,
t hereby fofi rigfings %@W&Uﬁteéﬂs‘%fﬂi‘?%wﬂ”@% thb?ﬁtﬁ?'}’{l eﬁmrgcufaremleiwbﬁ tiewisthargihor  bondi ng
t he out er sandumiosaf thexyaasres ddviee; Qaily th tdek wett makeft@ Ster ihdlcapiod shyporbheatishiea bondi ng

area. In a fur Lrng I e@tﬁ&gﬁ&%md &gh? thP Eaﬁ%?ﬁ})pf% @p\égdqhéfo%né tﬁc &HQP\LC@%%&I&&?B

determ ning the equip esl g a process
for selecti vel®f HEEMEEGhiolige ﬂéﬁ‘“’t ﬁ“ﬂ’d‘l‘ah‘t“é“dﬁ‘ﬁ"’(“%“r'? @P“%H‘tﬂif usuppaRE fFgIO%Ss ur f ace, by
1) providing ahegest foroingpbaren eatsp@dingb ihopsicllos tisagaamphyding gt pavoded , the set

of physi cais eqiakd RES the PRI IeykPRPRE R LaPY, ae%glﬁ,{g% !qﬁﬂd QDR RGN ti ons,
optionally COHFI"B egongedsu - m)del s connect ed y sub- connectivity
i

boundary condi® 248D cpyrierpsfepal ¢ Ry ISR BT g 5‘8 °%8Uﬂ?ﬁ‘?l)?ndct5€h ditions,
conpri si ng t heatemaiatidulacraiepihereby Seingipsandeiok starbdire, ppridicefirgtion eepus fenment s, and

a set of (ini ﬁ)dmallnéth@@ﬁfﬁ-ﬁdhﬁgfaﬁg%cthb@&%tIéagth Nk ofRORhagRRYt ) , 3) provi ding a
set of predet?r targets, t .of varlab e boundary

conditi bna. il LHBREPY e DRl e B Sl <o B el
i nput), 3@05) prp@wfmqamm éor@aroeqaﬂ fsselspiernpdsigening omrticulrie npleyadowak medueat i ons by
using the fixeghang variable nodel input, 6) transform ng the cal cul us
results into % ng&llg aqs'é%topllihgrsical equations forming a physical model, the set of physical equations
. being connected by interaction boundary conditions,
optionally comprising sub-models connected by sub-model connectivity boundary conditions,
25  2) selecting a set of fixed boundary conditions, comprising the overall équipmcnt set-up, overall
process requirerents, and a set of (initial) operating conditions (fixed model input),
3) providing a set of predetermined model targets,
4} selecting a set of variable boundary conditions, which may vary throughout one simulation
(variable model inpuf),
30 5) performing calculus operations on the physical equations by using the fixed and variable
modet input,
6) ftransforming the calculus results into a model 'output,
which is readable to a human analyst directly or preferably by a means of a computing device;
7) comparing the model output to predetermined model targets and determining the deviation
35 there between,




which is readable to a human anal yst directly or preferably by a nmeans of a
conputing device; 7) conparing the nodel output to predeterm ned nodel
targets and determining the deviation 35 there between, 4 8) nodifying
the set of variable boundary conditions, preferably by using conputational
equations for mnimzing the deviation between the nodel output to
predeterm ned nodel targets; 9) reiterating steps 4) to 8) until a preset
exit criterionis met. '.. 5 Preferablt%/, t hese steps are perfornmed by

enpl oying a conputer device. The iteratTons may be term nated by defining a
preset nunber of iterations of by defining a preset exit deviation
criterion between the nodel output and the predeterm ned nodel targets. In
yet anot her asfjegdaifyildR s@bOHBMAL bokHY:§ MnbiAs, i S @ system for determ ning the
equi pnment design_an rocess paraneter for.a.process for | jvely
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of pre-defi ned* Bty defrireprtetrmbs, of iegtiopyosbycdsiining ¢ pgsetsst $tiei°Bar anet er to an
out put devi ce.criBion @dtweeheBonddg bit@nand fhe frévetemingUm@d takgery. | is a top plan view
of a disposab lh?yegzingtpe?gspecmhé Hestrl@ﬁnvéﬂlﬂﬂ%ra s&s@%?&r%et%ﬁﬁl ﬁééqyip&érllde_ﬁéﬂayd 2_0 Fig.
2 shows a cross-secti ongl Vi ew of the di sposabl e |31Fer. of Fig.. 1. Fig. 3A
shows a top viPEGOREHT ABSFHehor sdraely Btigiera R Jprrd oo ﬁ“‘g‘:"“%s is a

cr oss- sect 1donairfasei tewysém tdrerisrandwinety dpact el apreyfssdsi dippos@lAn cqmingnicaff | s a
schenmati c pr oGRS &e diRG a0 fiRhrobddorBeighortighedW ch structure. Fig. 4Bis a
schematic enl a{Aﬁed secrtmi lonaJ t.vi ew of A pglrbt gf t he. equi pnent for the
process as shét® S5 THYEIG ARCEHEER 18y GESE HLi°0n of the Invention As
used herein, theimugfohbwrttig terns have the foll owi ng neani ngs: "Absorbent
article" refers sdinfdRNdnG@Endphaheis@absor b and contain liquid, and nore

speci fically, reter 30 . to devi hat ar I ' INn proximty
to the bod&? of” at%&’ec a]_\%\'}e@éerag?t oﬁpée' aet{)“segglﬁpuépﬁ@&%% ﬁr{%éé)hﬁ%ﬁ%ghé%v r galgjnse&{at&%fdat es

di schar ged fr 8y f8cehody. Absorbent articles include but are not linmited to
di apers, adult incontinence briefs, training pants, diaper holders and

liners, sanit gy Aapkbds udMures

Fig. 1 is a top plan view of a disposable diaper, with the upper layers partially cut away.

20  Fig. 2 shows a cross-sectional view of the disposable diaper of Fig. 1.
Fig. 3A shows a fop view of an absorbent core sandwich structure,
Fig. 3B is a cross-sectional view of the sandwich pattern of Fig. 3A.
Fig-4A is a schematic process diagram for forming a sandwich structure.
Fig. 4B is a schematic enlarged sectional view of a part of the equipment for the process as shown

25 inFig 4A.

Detailed description of the Invention

As used herein, the following terms have the following meanings:

" Absorbent article” refers to devices that absorb and contain liquid, and more specifically, refers
30  to devices that are placed against or in proximity to the body of the wearer to absorb and contain

the various exudates discharged from the body. Absorbent articles include but are not limited to

diapers, adult incontinence briefs, training pants, diaper holders and liners, sanitary napkins and

the like.

"Diaper" refers to an absorbent article generaily worn by infants and incontinent persons about the

35  lower torso,




the like. "Di aper" refers to an absorbent article generally worn by infants
and incontinent persons about the 35 |lower torso. 5 "D sposable" is used
herein to describe articles that are generally not intended to be | aundered

or ‘.. otherwise restored or reused (i.e., they are intended to be

di scarded after a single use and, ':. preferably, to be recycled,

conposted or otherw se disposed of in an environnentally conpati bl e

manner). 5 "Conprise," "conprising," and "conprises"” is an open ended term

that specifies the presence of what foPlows e.g. a component but does not
preclude the presents of other features, elenents, steps or corrponents
known in the art, or disclosed herein. The term’ vveb material" refers to an
essentially emﬂlsso%%nenﬁmeﬁ h@ém th &scqseem@ie{tﬁa@&rh Blerallly n& intehdd€ to bk ALt Nal
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be si gni fi cantskeys ok ang@entdkhadn it theart] dndiglosee 8s¢in. but | ess than the |l ength. 15
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materials is essentia const ant ngth of the web. Such web
material s may 'BERE ﬁH‘iPE“"i Prt Brenefiger sy dl"fcﬂ?"t‘%lpi“ﬁhaﬂ co%‘e‘l'afeﬁfeﬁg‘ieé" $ ber
mat eri al s, 18 | sgbaggrialWbvielad io thistromn iswossentiafganbniieddeguesen of pickee cut prlotherwiFy pi cal | y,

though not nesp@éé@ﬁdd M essHRRliy TR thadekis @fe@ ﬂeab@mbtlneassaﬂ [h@lwl:b rfla%m or on
spools, or in tis may t hen

b6 spl | ced t odll B it & B it Q8 AB e o) il et Gl B 6 50 et
mat eri al may Begitding oxedonfie.sevdiralionjvdiiienytitowshinad @cesssidﬂhhqawdwﬁeﬂ ayer
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compr I se O‘H”' el Often }her not negesstarhéh] gkc(l.’(iness.i;ﬁ tpe w1cﬂ190f glPﬁﬁ mateﬂa'lls Is esp cnlt’ublé rﬂn&ant " uper

hydr ophi | i Z1 ng age s an terns " supér absor
absor bent nat élepgathe lepgth sfgha\ivedb. Sush sish meterials gesly [bp N@}h%memmalaﬂy ligifationAGML |
"absor bent polcyialdic AR Retia, fissi@s, Roktd hoR 8@ Natdritth & GRARY TRGallyahaett ef er to

tiall 25 | t
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defined amunt, a0d., Rkl FRLN afi% Shdb! .&kéh ﬁoﬂaﬁc‘%m‘g@%t@ WRBTRlRLdR - The

present 1 nventjion Is particu sul t el ng used i n continuous

production pr Bl&%gl@@nal particles, hydrophilizing agents and the like.
The terms “super absorbent”, “super absorbent material” or “SAM?”, “ahsorbent gelling material”

or “AGM", “absorbent polymer material” are used herein interchanging, and refer to partially
25  cross-linked polymeric materials, which can absorb water whilst they are swelling to form a gel.
The present invention is a highly efficient and accurate production method for a patterned
sandwich structure, wherein particulate material is sandwiched in a very well defined amount and
patterned distribution between a web material.
The present invention is particularly suitable for being used in continuous production processes,
30  wherein the particulate material is supplied in bulk form and the carrier web is an essentially
endless web material, which in course of subsequent process steps may be separated into
individual web pieces, and which may form a part of a manufactured article. Such a structure is
particularly useful for disposable absorbent articles, such as, but not limited to, disposable baby
diapers, training pants, adult incontinence article, feinine hygiene articles and the like. Such

35  articles have very varying requirements as to the desired absorbency depending on the intended




30 wherein the particulate material is supplied in bulk formand the
carrier web is an essentially endless web material, which in course of
subsequent process steps nay be separated into individual web pieces, and
which may forma part of a manufactured article. Such a structure is
particularly useful for disposable absorbent articles, such as, but not
limted to, disposable baby diapers, training pants, adult incontinence
article, femnine hygiene articles and the like. Such 35 articles have very
varying requirenents as to the desired &bsorbency dependi ng on the intended
6 use and / or user. In such enbodinents, the carrier web materials may be
fluid perneable webs, such as non-woven naterials The particul ate

material may bge @y oRak i s AbSIAVRS, &l kior wMNERilINEy SRR ER M welist Ures are
liquid absor beq}t struct urtgl%lsusef ul for absorbent articles, the particul ate
material is preferaply a"86 called 5 super absorbent material. Wthin the
cont ext of theThpP%%CéPf? miteviglaRRy by partiveatq reatovel Mol O ehdvich ststigy e iddd er s to an
essentially |asyeeRednabkange emtotRl a8cl&athd faMibuliBdaRfidl @lpreRABly &soQANEr

material, agd Sggpabpo%relgtlmgtgragte material positioned there between. The
carrier and cover naterial. are typically affixed to each other. The
particles nay ‘Bfimhscopest ofifee pEfony spion dhedep rndrtihaiuchidsfest tord esHE@ tarri er /
cover materi allayerkd artahg@emdn® o @ tarice materilan aOdovee @iterfal, AEd &¢ paticula sa@rias MOt h

surface, the pandh&luRs plideh. ThyRieahd bve idiPRe &Jieaﬁ»y 2t HALR omdeendi ng on
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and/ or cover nRhes D@Lndl\ﬂﬁ dnl theRe (ﬁth\‘:‘%lC@én@Bﬂlﬂéroug“\ﬂésGHheéjﬂﬁﬁé dilqﬁ:ﬁneﬁ'df pi eces of
such a web mat r mat.er| %‘i?%lf be of the sane

15 material typé ecameﬁf‘m?‘?ﬁ@tcrﬁgs"ﬂ’iﬂ f"?"é‘?"%‘g’fe mat?'i'fgm?:‘(ﬁ‘ﬁméeﬂm%ﬂﬁe material may
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particle cl ushgatchByf paticite apReak conbiddfed Ud &)ﬁlp]ﬁf: Blalit) 6F (RFAIGIE tlGdkeksDRACHOT OCesss,

such as when me%n{%t e]{[élrzgg' &fr])gmB%h(Fc&‘e H)l l-aém%& lcle c{lust@‘rnrga pbeepr fscci)]{ m ng t he

pattern. A part fructure y ‘al'so corrprlse
particles frofffifigrp@rurgpeier H'FSé‘an'ﬁ‘“r“rPé?H“"Eq 65’9@?43 clysier g |aljo spPIRIP COUSE ofy
pre-forme@Ocl tspreductioPpoiea @bl 4 whingpret ekt 1Bd fifitubite eriallaObdr@@mitiulid ng t he

manuf acturin Opaef? qﬂueﬁdﬁlcl@ l@ste& 'i‘natﬁksstat%(vrcﬁ gruEthe f‘ntsgal m%ccﬁmglgsr Gt diffefent Wi T hout

changi ng shape_or form a part us er conprise as few as
about 10 par t ¥&foRed cig: °ﬁ%{§/" ad1a§6f"o%° f‘jﬁ“e? E)‘“%“é\]fﬁfeﬁply Pﬁ‘ﬁlﬁﬁ?"@ﬁ'ﬁr""’ﬁ?}’en sever al
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25~ Such 4 particle cluster may comprise as few as about 10 particles, but may also be up to several

hundred or even several thousands of particles. The particles may be arranged essentially in a
“monolayer” structure, or multi-layer structures of essentially constant thickness, or may have
varying thickness. This thickness may be expressed in terms of number of overlaying particle
layers, or may be expressed by local or an averaged basis weight, referring to the weight of
30  particles for a given unit area. The skilled person will readily realize, that even a “local” basis
weight will need a certain amount of averaging. However, when the basis weight in a given region
is by design not constant over this region, such as may be with an increase towards the centre of
the region in case of a heap or pile of granular material, the basis weight distribution may be
approximated by a smoothed curve when following a cross-sectional view through this heap.

35 - Alternatively, the basis weight of a region may be designed to be constant throughout the region,




varying thickness. This thickness may be expressed in terns of nunber of
overlaying particle layers, or may be expressed by | ocal or an averaged
basis weight, referring to the weight of 30 particles for a given unit
area. The skilled person will readily realize, that even a "local" basis
weight will need a certain anobunt of averagi ng. However, when the basis
weight in a given region is by design not constant over this region, such
as may be with an increase towards the centre of the region in case of a
heap or pile of granular material, the basis weight distribution may be
approxi mated by a snoothed curve mhen foll ow ng a cross-sectional view
through this heap. 35 Alternatively, the basis weight of a region may be
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Though not to_be considered pl ca suc qunrenents
may be: - the Safplinte spdy ﬂlsg‘tc?‘iebﬁ‘ﬂl “Eﬁ"l ‘?)‘fa“iﬁhaescb%fr‘?‘*f‘lff’ﬁ?‘ést"é d??&fdebry
i ncI udi ng t heingiyiad ye. dahghmotts @rongifierdd iaiting Htypet deeif suph requirements may be:

- the amount and distribution of the particulate material, including the sharp definition of the
25  pattern;

- the size and shape of the sandwich structure;

- the mechanical properties of the sandwich structure both with regard to allow adequate

manufacturing and packaging, but also with regard to the intended use: strength, bendability,

softness so as to not negatively impact comfort during use;
30 - bonding of the elements of the sandwich structure;

- the immobilization of the particulate material within the sandwich structire, both in the dry

state as well as in the wet state;

- variability of any of the requirements, over the length of the essentially endless sandwich

structure or between pieces as being cut off an essentially endless structure.

-35 A process for manufacturing such sandwich structures should not only satisfy the product design




- the size and shape of the sandw ch structure; - the nechanical properties
of the sandwi ch structure both with regard to all ow adequate nmanufacturing
and packaging, but also with regard to the intended use: strength,
bendability, softness so as to not negatively inpact confort during use;

30 - bonding of the elenents of the sandwi ch structure; - the
i mobi lization of the particulate material within the sandw ch structure,
both in the dry state as well as in the wet state; - variability of any of

the requirenents, over the length of tHe essentially endl ess sandwi ch
structure or between pieces as being cut off an essentially endl ess
structure. 35 A process for manufacturing such sandw ch structures shoul d
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process as wel pnent s be robust SO as to nimze
producti on ddW’\‘t“l“Pr@”Flﬁ‘I‘ repalr The present invention is providing a
process sati sfTyé pgselibveliteispRoMBg b @Epcisy @HEyIigSall itevel squirareits. eeds by
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deposi ti ngl0t heatpatdhiogrhatser vasfeedeviad, in a pattern of particle cl uster on a

carrier materi aldcposrtm ﬁ)@&ﬂfd}lﬂ&néﬂhﬁ 1&%&&%foﬁpaﬁiale biftkeSonGairid: RbteriBt €ri @l by a
cover material, - er an qver web material to form

the sandwi ch st FﬂvﬁTrﬁ pa“f”ﬁ%“rtgfﬁme "f'?%aﬂ)*’}ﬁcﬂeﬁ‘@at?'ﬁe pattern. 15 Even further,
it is inportant atdimndigthe prigcas sovert wsh gnategal v fofm the squfieichotypgtes Bistsel ng desi gn
paramet er of tmbﬁgﬁgtﬂwg are precisely adapt ed to each other. Wthout

W shi ng t0l5| | Ven futrtper pre ergntthatn ]%t%telssoste satsr\a]vell ?hc cor\r,c\anspg ng)é‘%ﬁ‘a a?ab tﬂrdescrl ption
focuses on> the manufact tr ng Corbent striuctures f/ e suitably

enpl oyed in ab’@’@rﬁmme'@%‘ﬁ%*&&lﬁptﬁd&@%ﬁl&bl e absorbent articles, such as
baby di apers, vvﬁmcai WikHRG (PRAL e pr@éhuInbeni.dﬂcmildne@@&mpm@dua{psonmscusegal fem ni ne

hygiene pads. Q¢ fsam%' 3 s P05 R RGI S0 YE LU, oIS Sl icfeFbOUT €5 | and

2. Figurel is a as ‘a erre odi nent of an
absorbent art F’@P% leygecicntiapiglest ehizhiab 1@%’&r‘fﬁ‘ﬂ!ﬂ&ﬂ?@ﬁl"“i‘“ﬁﬁ‘c"““"l’ﬁé PRAEBETi-s-shown
inits flap ofhininkMgbiipract ed state (i.e., without elastic induced

contracti On) An Exg&ﬁlirf%or&f‘nt s['np:ﬁre%; écggtwg%xg%sel aﬁ]h'tz l@é@l it Qplgp{;tgv Qfl ear | y show

t he underlylng str ure
1aper 2{) as a preferred embodiment of an absorbent article according to the present invention.

The diaper is shown in its flat out, uncontracted state (i.e., without elastic induced contraction).
Portions of the structure are cut away to more clearly show the underlying structure of the diaper
25  20. The portion of the diaper 20 that contacts a wearer is facing the viewer. The chassis 22 of the
diaper 20 in Figure 1 comprises the main body of the diaper 20. The chassis 22 comprises an
outer covering including a liquid pervious topsheet 24 and/or a liquid impervious backsheet 26.
The chassis may include 2 portion of an absorbent core 28 encased between the topsheét 24 and
the backsheet 26. The chassis may also include most or all of the absarbent core 28 encased
30  between the topsheet 24 and the backsheet 26. The chassis preferably further inciudes side panels
30, elasticized leg cuffs 32, and elastic waist feature 34, the leg cuffs 32 and the elastic waist
feature each typically comprise elastic members 33. One end portion of the diaper 20 is
configured as a first waist region 36 of the diaper 20. The opposite end portion is configured as a
second waist region 38 of the diaper 20. An intermediate portion of the diaper 20 is configured as

35  a crotch region 37, which extends longitudinally between the first and second waist regions 36




25 20. The portion of the diaper 20 that contacts a wearer is facing the
viewer. The chassis 22 of the diaper 20 in Figure 1 conprises the main
body of the diaper 20. The chassis 22 conprises an outer covering
including a liquid pervious topsheet 24 and/or a |liquid inpervious
backsheet 26. The chassis may include a portion of an absorbent core 28
encased between the topsheet 24 and the backsheet 26. The chassis nmay al so
i nclude nost or all of the absorbent core 28 encased 30 between the
topsheet 24 and the backsheet 26. The chassis preferably further includes
side panels 30, elasticized |leg cuffs 32, and el astic waist feature 34,
the leg cuffs 32 and the elastic waist feature each typically conprise
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confi gur at i ongustik avitl @REiIMid@Echapeaditad 4ids PaldlsUssted tdBdbles M@l obhbadber45 entitl ed
"Absorbent Anfjpcle Wth Miultiple Zone Structural Elastic-Like Film Wb
Extensi bl e WAi st Feature" issued to 15 Roe et at. on Septenber 10, 1996;

U S. Pat. No. [t 'epghect 23nFighissl pdgapay tﬁf‘él%"spa’l‘j?'lé‘e'ﬁ}?’?“d ewapafﬁfmsh‘“tcgﬁéffed to Buel |
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" Absor bent Arntsm&lg%laéé'é&eh oM&eTsHonJ}?eJ ﬁ;ﬁéﬁéc@ Q@'desﬁ?%ue]ﬂ%l%' cﬁ‘-.taﬂnd@s '%%ﬂﬁl)s" i ssued
to Robl es et heet Figures 1 and
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descri bed2!‘3 n ’F?)sheets 1ssu<?d to Freepmd et al. on %ecembem 1953

The absorbent core 28 in Figure 1 generally is disposed between the topsheet 24 and the
backsheet 26. In addition to the absorbent sandwich structure as described herein below, the
absorbent core 28 may comprisc any absorbent material that is generally compressible,
contformable, non-irritating to the wearer's skin, and capable of absorbing and retaining liquids
30  such as urine and other certain body exudates. The absorbent core 28 may comprise a wide
variety of liquid-absorbent materials commonly used in disposable diapers and other absorbent
articles such as comminuted wood pulp, which is generally referred to as air felt. Examples of
other suitable absorbent materials include creped cellufose wadding; melt blown polymers,
including co-form; chemically stiffened, modified or cross-linked cellulosic fibers; tissue,

35 including tissue wraps and tissue laminates; absorbent foams; absorbent sponges; superabsorbent




If 5,037,416 entitled "Di sposabl e Absorbent Article Having Elastically

Ext ensi bl e Topsheet"” issued to Allen et al. on August 6, 1991; and U S
Pat. No. 5,269,775 entitled "Trisection Topsheets for D sposabl e Absorbent
Articles and D sposabl e Absorbent Articles Having Such Trisection 25
Topsheets"” issued to Freeland et al. on Decenber 14, 1993. The absorbent
core 28 in Figure | generally is disposed between the topsheet 24 and the
backsheet 26. In addition to the absorbent sandw ch structure as descri bed
herein bel ow, the absorbent core 28 wé@ conpri se any absorbent nmateri al
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br eat habl %5 mgo%lilosx e matfgg% are (%sctlﬁlbeg mrrg'rg:a?cl;' Idf?fallsmﬁ’%(f Apalscatlon No. WO 925/16746,
' published on June 22, 1995 in the name of E. L. DuPont. Other breathabie backsheets including

‘nonwoven webs and apertured formed films are described in ULS, Patent No. 5,571,096 issued to

Dobrin et al. on November 5, 1996,

The diaper 20 may also include such other features as are known in the art including front and

30 rear ear panels, waist cap features, elastics and the like to provide better fit, containment and

aesthetic characteristics. Such additional features are well known in the art and are e.g. described

in U.S. Pat. No. 3,860,003 and U.S. Patent No. 5,151,092,

In order to keep the diaper 20 in place about the wearer, preferably at least a portien of the first

waist region 36 is attached by the fastening member 42 to at least a portion of the second waist

35  region 38, preferably to form leg opening(s) and an article waist. When fastened, the fastening




20 woven webs, nonwoven webs, conposite materials such as fil mcoated
nonwoven webs, and m croporous filnms such as manufactured by Mtsui Toatsu
Co., of Japan under the designation [ ESPO R NO and by EXXON Chem cal Co.,
of Bay City, TX, under the designati on EXXAI RE. Suitable breathable
conposite materials conprising polyner blends are avail able from C opay
Corporation, Cincinnati, OH under the nane HYTREL bl end P18-3097. Such
breat hable 25 corrp05|te materials are described in greater detail in PCT
Application No. WD 95/16746, published ®n June 22, 1995 in the nane of E
| . DuPont. O her breathabl e backsheets including nonwoven webs and
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the presenis i RySH lay@,nsa%mer aoﬁoen @yel ?srmapaé oviddd Fghf ol Bﬁmorgs%&ealzeashéetx o2l SO
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patent application EP-A-1403419,

25 The storage layer 60 is positioned between the two layers of web material and comprises a

particulate material, in particular the above mentioned superabsorbent materials. Typically, these
are in irregularly shaped or spherical granules, which can sweil upon contact with liquids, such as
urine. Whilst this material may be in various shapes or forms, such as granular, spherical, flakes,
fibrous, it will often consist of irregularly shaped particles, having a mean particle size of from
30  10pm to 1000 pm, preferably with less than 5% by weight having a particle size of 5 pm, and
preferably with less than 5% by weight having a particle size of inore than 1200 pm.
It has been found beneficial to wse a particulate absorbent polymer material for absorbent cores
made in the present invention. Without wishing to be bound by theory it is believed that such
material, even in the swollen state, i.e. when liquid has been absorbed, does not substantially

35  obstruct the liquid flow throughout the material, especially when the permeability as expressed by




sheet of material may be wapped around the storage |layer 60 e.g. in a
C-fold. Preferred non-woven materials are provided fromsynthetic fibers,
such as PE, PET and nost preferably PP. As the polyners used for nonwoven
production are inherently hydrophobic, they 20 are preferably coated with
hydrophilic. coatings. A preferred way to produce nonwovens w th durably
hydrophilic coatings is via applying a hydrophilic nononmer and a radical
pol ynmeri zation initiator onto the nonwoven, and conducting a

pol ynmeri zation activated via W light ri@ulting in nonomer chemcally
bound to the surface of the nonwoven as described in co-pendi ng European
patent application EP-A-1403419. 25 The storage |layer 60 is positioned

between the twg, éamé%vs & cx\%poﬂﬁéa%gokb@,lt pm AR L 26 a,an Fbaﬁot bt e
material, in particul the mgnt i,oned supera?sng enf materials.
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exanpl e mxoe ab&m’ebency and hence absorbent material may be required in. the

proximty Of t:r i @QJnﬂrgun%ﬁtrel ttelg Bhe dg{nglp' i (g ﬂWhm%&lﬁh% Jﬂ'@ctuper Qﬂu ct design

criteria have enc% e, this should be
produced and f?ﬁﬁ“ﬂ‘{“}ﬂl)h@fﬂgt'f Hisoefgrentions éaqigger%lyéqﬂ@s— opf-difepfionally PR and in
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to swell unr e84k h&lhgeglt%lcal Eb\éﬁrnd:zm}dcﬁgg %Q}K/Qa@nc;esign requirement for an absorbent

25  structure can generally follow the description of EP-1447066 and may be as follows:

A super absorbent particulate material shall be sandwiched between non-woven web material.

The particulate material has a typical median particle size of about 400 pm, and may be a

commercially available material. The non-web material may be a conventional hydrophilized

SMS polypropylene web of 20 g/m? basis weight or less. The particulate material shall be
30  deposited in a pattern of isolated “clustes”. The cluster (see Fig 3A, B) shall have a uniform

extension in xy-direction of about 5 mm, and a distance of about 10 mm, Between respective

clusters, an essentially particle freed bonding zone shall have a circular extension of at least 3

mm. Neighboring clusters shall not be separated by a continuous bonding line or region.

The amount of particulate material in the individual clusters may vary from as much as about 0.25

35 g per cluster of about 15 mm diameter (which corresponds to an average basis weight of 1500




15 material such as described herei nabove exhi bit absorbency properties
depending to a certain extent on the pressure exerted on them This
pressure nmay be a regul ar use-pressure, such as when the baby as a user
sits on the article. However, such a pressure may be created in sandw ch
structures, when, for exanple, the outer web material |ayers 56 and 58 are
tightly bonded to-each other in a way which does not all ow expansion,

t husly reduci ng the absorbency propertles of the 20 structure. A further
important requirement relates to the dittribution of i quid throughout the
structure, both longitudinally (length wise or x-directionally) and

| aterally (cross- or y-directionally), but also .along the thickness or
cal i per (or zyﬂﬁm@m&d&m&gaﬁsmMﬁsS%ﬁu&wuﬁﬁ Consi dering a typical baby

di aper desi gn’ The %glcﬁ\{tel mﬁ‘t}nal J:itg Eﬂhsuppﬁgfu) e b7 gg Es ﬁfo%ra B c]?‘%ﬁ%g %B’L and25

structure can gene escri 6 _and may be as
fol l ows: A sug@wralafb‘glb?eﬁmﬂbcdpﬁahu%f%@a'#éefeﬁéft ‘é“r@‘&ltha‘sthfdP‘im“lS‘é°f§%{‘r‘FéfW“%yhed bet ween
non-woven web begkibdd &) propedibenp@rametatikiaing toria ingikidal pahials, sach tas)cpm;toaimnnedl an

particle size of s:apeogémcfeocﬁnsﬂyman@mnmyaltz)ebﬁmpgmma ?armeleae Al |.abl e
material. The non-we terial uﬁ( e a conventl i.zed SMS
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shal | be 30 d&posi paedleidepositiopaiysteas s defcribed Of &t ebelckirodnd s¢ctiqn” hereifidpevecdreust er (see

Fig 3A, B) sh@énLralt}ayr@sp@edta ertdgrt Mhd BRet GO ha&emlewse%wﬁﬁﬁlrltpmlthqégmab,out 5 nm
and a distance of ~abo ween res an_essentially

particle free8™BEdiH apﬁle é’elgkﬁ ”FIV’“ PG G g SBTTF fhe ?ri]ri’él eésnéogl "3t least 3
mm Nei ghbl®r i iy ebaotesr sctivhal first fist prhaegiop anhpagmbiprasieontd ffeodidhebondi ng

line or regi OEhndwTJRﬂg mga{emefm@aﬁ&uia@uiatartaaoemn%halandcsweimr.nndi vi dual

clusters may var ch.as abou 3 per cl f about 15
X h¥ atic I‘CPI‘CSGI%%]SII}] of the process can Ee seen m Fl 45 s@w%a% H% %Ellgteél 0 13 .

nm di anet er (V\/n eh to
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particul at e medRssugpbrt inGind 47@ aialcloptiomatifditlett ech phi@iclé fdsf@iOLeI8. AkOfmva particl e

storage systemy, ?‘e’\ﬁiﬁ%%&lﬂﬂl&c re%(% Vimdg tp%ﬁgme lefiferich St Ko Eaﬂfe%ateﬁ‘a\' k refers

to the fact, tha e of par es may be described by
properties an#?0prcargeraerd 33%| ating to an indivi dual particle, such as
conposi tion, thepirdaiate SR@ME]s sp@tallyl sGipted defiSpricyss framd p&tleGvragdxyiteng biglo by

properties an%na‘?a?l& @%Ez ﬁtfnﬁle(i ] lblﬁlI foxggBJllprB@rtg ;orm'élfécl Ih'a{% nmtttuﬁéjtﬁ Fhrtgg{ rHyC l'es, such

as bul k densi y part e slze distribution, @‘7{’ erties.
Current parti® é“‘?fé‘b@é’f"é’?rﬁbeﬁa@ygf"é"ffﬁ r%“&f&%‘b‘?‘*“ﬁ%‘ﬂ PFFH""} F’r‘éh"ﬁ @‘{’)l%nd section
her ei nabo¥@ asi=, shgenertiak liynsiyesny sspedt dbe be podentes aangbraebtrh efatigrieat e

unaccept abl e rhm&@&s%pmeg 3R lebmydemu; Iﬂarﬁcﬁ’&ﬁé @lsnnuamnmﬁwr@a{.éag and appl i ed
wei ght s when @el n speeds

s conprises 10 two
" sub-process se&pf %Hl§te"‘i‘tf’rfa§‘fd°g?fé dﬁFémﬂ’ﬂgéﬁ‘rFf‘FQf %"Baé ’e 5’?8‘??7‘8?75%, and
second the seidsmplhry hgdesfibe ivepopition paticies fidm 4 ik sppeaet Sygient mBecgrdmpeieinal bet ween
carrier and cdawgmemeggu al. A schematic representation of the process can

be seen | 95 Fi ﬁch processcs requlre got onlp azar'nra:[:clur%tlél poas'lthgnmg%% t%g gl)aﬁ!cuiate material, but should be

cormpatible with high of even very high “converting” speeds, which correspond within the current
context generally to the speed of the moving surface.

Many current particle deposition systems as described in the background section hereinabove are
generally very speed dependent, and either create unacceptable losses or variability with regard to

30  positioning and applied weights when being run at such speeds.

Co-pending EP-Patent application (attorney docket reference CM2877FQ), which is incorporated
herein by reference provides a solution for the aforementioned difficulties by providing a method
for indirectly applying absorbent gelling material granules onto a éarrier layer for use in an
absorbent article, particularly a diaper, wherein particulate granules are taken up by a transfer

35  device from a bulk storage. Referring to Fig. 4, the transfer device 440 has recesses 452 on the




supply 410, supplies 420 and 430 for carrier material 320 and cover
material 330 respectively, a carrier support neans 470, and the optional
el enent of a particle transfer devices 440. Al so shown 15 is the resulting
sandwi ch structure 300 with the particulate material 310 between carrier
material 320 and cover material 330. The particulate material is generally
supplied to the process froma particle storage system and generally wll
be supplied in bulk form Bulk refers tg the fact, that the multitude of
particles may be described by properties and paraneters relating to an

i ndi vi dual particle, such as conposition, 20 size, shape,. particle
density, and so on, but also by properties and paraneters relating to a

mul titude of sutde, phstin S @ambes giechand gosition] theredé detérmipe thp amqupicdné pastire of
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and position ];ngg.[ %QB lfj Ea%fmﬁa %nal sgépﬁorf’imea%srhs({ hﬂ P?as ?ssemlaﬁ endiess su A{?f& The

super absorbent partic rans
transfer devi #d mayby fP@ﬁW/@efa‘HI“édtf“?‘@‘rﬁ“é“ leosctetnsnet Y5t system-olhe mr fafmﬂdcent to the
bul k storage #ifdrttm@anahaalh Sehiakigig oy alphr@éuiar 4Bt pinemitr B cabrRemgailr i er | ayer

320 115 3] acepir ok %, WANRLPH: ABNL SR TSI ANS! B oM Sholaigher | S has

a neans 444 for retainil elts recesses
during o grre?ﬂ’l"’Bf““ftﬁé tﬂefﬁ?‘%ﬁﬁ?“ald%ﬁe’ﬁ‘é"y&%w?@dtsﬁé tha %‘E’Wéfa@i“ﬁﬁrcf)(‘isl tion 448,
and a neans 44y déform oebite] fbrininga fobet (Fip@B) $.ch £Bavorpif@cenhe bandimeductiogyer at t he

discharging rgalal g ORIk il k£ hSHRRI Vo LARSF o TRARSr BLEyacUUM and
bl ow of f air, res %ll er to maintajn the pattern of particular

material, i nasg}ﬁct“ﬁ S“&l"’ theI* BFCH‘E‘EI Sifhoft threcarigt Prtal "TO’“‘Hd‘f shits 320

Essenti aI | y afatticubiic matpgal p!alrbb dpesitat e materi al as being expelled from one of
the recess®sS The process further comprises the steps of combining the carrier material with the particulate

material thereon with a cover material 330, and of bonding the carrier and cover material by a
fixation means 495, such as a spray adhesive.

The deformation of the carrier web material as well as particular aspects of the surface pattern can
be found in co-filed patent application (atterney docket reference CM2988FQ), and all of the

30  disclosure thereof is expressly incorporated herein by reference.

Tt is important for the present invention, that the particle pattern as formed in the recesses is
precisely transferred onto the carrier web material, respectively into the pockets formed in this
carrier web material. This transfer becomes increasingly more difficult to control the higher the
production speed is, even if the particle transfer device and the carrier- web material move at

35  “match speed” (i.¢. the surfaces have essentially the same speed relative to a fixed frame).




452 of the transfer device 440 is transferred into a correspondi ng

i ndentation 328 as being formed in the carrier material, thusly forming a -
cluster of the sandwi ch pattern. Wilst particular process and equi prment
settings will be required to performthe essentially conplete transfer
fromthe recesses to the carrier, the formation of the indentations greatly
15 enhances the quality of this transfer. The indentations 328 are forned
by placing the carrier material 320 on carrier material support neans
470, which has an essentially endl ess g rface, | and may be fornmed by a
rotating drumor an endless transport belt system The carrier materi al
support neans has a surface structure formng a particular support pattern
for the carriermmnMafbaﬁmmﬁmﬁﬁmms&Qmﬁmgm16@& gﬁ@ﬁmhgmﬁ@nu@hawmeggons whi ch
are suppor ted Bﬂ%lcfl’eﬁlﬁ a%‘HBQQg Lr) Bl 1In lapw en atcnl er 0%8 rtﬁcH:?E%oLm tFller&t the

carrier materia unsuppor aW| ng
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force may be amayaedefievics udbouon away 8gaidlar lascermyty Bier @piplks (gebound” efitr®. support drum
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centrifugal fQymeswingy l?i}ydr{h%:thlpfnﬁﬂixng%agﬁt?ml(nﬁmgthe &Jner%}éérﬂgza particl es ina
fIU|dI|kea|tr?l} ticles is
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particular as a reaction to a change in thc requirements for the sandwich structure.

To this end, the present invention uses computerized virtual simulation toels. Such tools have

become increasingly user friendly whilst at the same time also the computers have become more

suitable to handle complex mathematical simulation models. Yet, the selection and combination
30  of right tools and applying these to the right problems has hitherto not been used for addressing

the formation of varying patterned sandwich structures at increased production speed.

Generally, there is a plethora of approaches to mathematical / physical simulations available, such

as without limitation:

- basic Finite element analysis, allowing three dimensional (3D) geometric simulation;

35 - upon addition of time as a variable, movement maybe dynamically simulated;




even in nei ghboring indentations. 10 Wilst the formation of the pockets in
the carrier web material provides an inproverment in this area, focus has
further to be put on the equi pnment design and.in particular on the control
of air flows. Once the particulate material is deposited in the

i ndentations or pockets, these may be filled partly or conpletely by the
particles, or these may be over-filled, such as by formng a "heap". In any
of 15 these cases, it is inportant thq% at |east a part of the carrier
material surface is essentially free of "particulate material to provide a
bondi ng region, which is essentially free of particulate material.

Typically, this area will correspond to the carrier support pattern, but
may be only a pakdding hes©06f geooatricGDisignlativh bllowbdmilasisrgématetradsuifdodss, | ncl udi ng
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sel ecti on and ¢o %#natl @ %
probl ens has Hi't B&FF &Y °‘b‘é’&‘ﬁ“‘l€i§aéﬂ°df'6'|g o3 &r E%‘&F‘f‘fgi‘m“ T8 Peff°Bh of
varyi ng patteﬁw@dﬂsanuuﬁewmgnp@dt@ﬁ@@mh@bpmmméaS@d&pnmdmmmqmmm&pBed

Gener al |y, 18 heEsgn i phocddd Rl or @hroRRIECALHRS pbsRiohRiph8AMle infadlial bnrddhySi cal

si mul ati ons a%%hL%RJ%;bSUCh as without limtation: - basic Finite el enent
anal ysis, all oW i1y ¢ ¥e di mensi onal (3D) geonetric simulation; 35 - upon

addi ti on of tllmroaémaa %ﬂfplabcrabcqumm@rnwﬁanhww@lodhyrﬂamte@hysyalsmmhsat ed; 16 -

addi ng mass t @e;ﬁg"b@rm%@ Bgemteliadﬁon%amairmh&toh@@nammwﬁprﬁhm-ﬂ&de@Ebnﬁef:temt ter and
surfaces. L g forcg L9 3 %lnulatlon will lead to kinetic

ys —m de CONNEC mty undary conditions;
S|nulat|on - "Rddi ? ofentiald will allowinteraction of forces

and ener gyt r éh§?“i§?ﬂ$&tﬁfif efrf xedubwndapeﬂmﬂltmﬂ ®EPriging the pverai euigynbTesyedl | n
addi tion, par plo@tlrairesp®Cind 4 @t oliBiD BictidpRyndlions aotelasbddl @p@ach and ‘any of the

above S|nulathp §W¢m§#&ﬁé§%ggﬁﬁ%%w§§¥@gg t enperat ures, pressures,

reactivity of
4) selecting a set of variable boundary conditions, which may vary throughout one simulation

{(variable model input);
25-  5) performing calculus operations on the physical equations by using the fixed and variable
model input;
6) transforming the calculus results into a model output, which is readable to a human analyst
directly or preferably by a means of a computing device;
7) comparing the model output to predetermined model targets and determining the deviation
30  there between, preferably by using computer;
8) modifying the set of variable boundary conditions, preferably by using computational
equations for minimizing the deviation between the model ontput to predetennined model targets;
9) reiterating steps 4) to 8) until a preset exit criterion is met; the exit criterion preferably being a
certain number of iterations, more preferably being a preset exit deviation between the model

35  outputs and the predetermined model targets.




The overal |l approach for all of these sinulations is to build a _
representative physical and mathematical nodel of the real process, i.e.
setting up mat hemati cal equations relating to physical structures or :
processes. For all these equations, suitable boundary conditions have to be
provided 10 so as to allow solving the set of equations to give a solution
for this set of conditions. These general teachings will now be further
expl ai ned by using the nmanufacturing pr90ess of a disposabl e absorbent
article, such as a diaper as described'in the above. The nodels can build
on conventional nodeling tools for particular simulations. Thus in general
terms, the virtual sinulation can be described to be a nethod for
determ ni ng t heefesyi pa@nlationlil Ghasifagtd & thingl: 0Q@SIS sp&matetag mayf igiudaa process

for selecti ve'a(ocsgg@ukﬁ&mem tpmér\ngﬁicamﬁ.cm;ﬁ,rciueéadga;ﬁena.nal rmwb&gi surface, by
) providing a set ysi cal equations tormn EH¥SI cal no e&) t he set
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boundary coqdi Jeﬂe@nﬁmg ﬂ?eqm%éss Mld%fgﬁ Ipﬂgne@.- 8@4rdiff 1o ftne%anuMarme @@ﬂa@h tions,
conprising the overal oyer rocess re rements, and

a set of (ini t‘i'ngcfm“f)B'@f get i““% W'tg'ﬂ&}iet °5er§§ﬂg ‘f“itk'ég ® Fege °F Rl o § M rovi di ng a
set of predet efrenedh protihctic ar gptitat madia, §§R@ét ERPGOM., gethe éﬂFe @ﬁﬁaa‘tflye boundary
condi ti ons, \Ahi.s&nnmymwanyadédmoﬁugmgtmeemauaaiamlImamaomsk {owadriea e srodel
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using the fix ari a q e cal cul us
resul ts intd RUASHEMPEEPRET © {fFlcast ih%ﬁlvc@%tﬁaqﬁqr%cdﬂie% Opiprdbh BeeMRYSst  directly
or preferably siyp BayRBaNASudOF priiteicd Aotk tonnebdiv fBrapcesdihg LlodAYRawdrRg intdae, nodel

out put to predgtanmifed nodel targets and determining the deviation 30

there between, preterably by using conputer; 8) nodifying the set of
vari abl e boun&bPF?‘c%ﬂHPFieﬁﬁ@m%F@F@f"étbq] §mHgton Fi’éf“lé‘l?ﬁ{v?&‘f ational equations
for m ni m zi nGhd agougd@uipadni dxmedastmieainsighisy noikstatic) dynpit, of kinepatie chedelsr m ned

nodel targets fryp:cgl)todis%r s&:’ﬁ @Jlduﬁﬂméarr@ﬂ& ﬁ%a]ﬁﬂS’@AN@@tTh lor I@S@lﬁﬁn%&DeﬁﬁeJ criterion
is met; the exlt crit @?ln& certalngn

iterations, m)r °ﬂbar"ﬂllﬂt3? ay"PfJ’ée'ﬁi‘?ﬁ Ngcéf’ L ORRon GaA Al tvveen t he nodel
35 out puts anWhtrhaleyitieglé¢ esharionefdindrio deticutanthg ategctiofs hotwitn efirédlali ybulk he

simul ation W kbw heypar fo&rtﬂieédchbc\élcua'*doﬁ\ganabect@&ﬁﬁuﬁ effam%lyﬂo%r@ode?’uﬁh &S may

include a pr 91%1%%5' n@F(rL(&ey{) & aclggpesgc ed o?"?i?‘iﬁ?wlgg'%'gre]il/ Itrz]i;[cae rvna eca C\MRSu arr]:tsrm'y i ncl ude

a display termnd such™as a nouse, and
the |ike. 2¢heriwd@fe'§$|Gﬁg'anxm t may include a cent raI processing unit, a
menory, and SA®ifdndnNShKIAGE bspab dealdVith Muid R SR, WhidkBhh 6dadiRssassi st in

computational fluid dynamics (CFD) solver, such as FLUENT, FloWizard, FIDAP; POLYFLOW,
ag available from Fluent Incorporated, Lebanon, NH, USA.
A further important simulation tool deals with deformation of materials, such as web materials,
25  under the impact of external forces, such as induced by the air flow through the material. A
suitable too! has been found in ANSYS Mechanical ™, as available form ANSYS Inc.,
Canonsburg, PA, USA.
Having selected the suitable tools, a first set of boundary conditions will be set. This relates to the
“fixed” conditions, which will essentially remain unchanged during the simulation, and refates to
30 the definition of the materials, here of the employed particulate materials, or web materials. In the
present case, other general boundary conditions are the operation under “ambient” conditions, in
particular that the process will be operated at or around normal air conditions, which may,
however, be stabilized, such as to 20°C, 50% relative humidity. “Ambient” pressure conditions
may include, that certain parts of the equipment may be subjected to a certain pressure change

35  (such as vacuum) 5o as to induce air flow.




5 determ ning the process and design paraneter according to the present

i nvention. The stored instructions nmay be stored within the processing
unit in the nmenory, or in any non-volatile storage such as nmagnetic or
optical nedia, EPROM EEPROM or the like. Alternatively, instructions my
be | oaded fromrenoval nedia, such as a renoval disk, sonmetines called a
fl oppy disk, optical nedia, or the like. In a preferred enbodi nent, the
system i ncl udes a general 10 purpose cquuter programto inplenent the
functions described herein. Optionally, the conputer set up may al so
include a printer or a network connection for accessing a |ocal server, an
intranet, and the Internet. In particular, the present approach utilizes
virtual sinul aimiary éed beali=gyudoatiiognrehiedioshe Kefp @quitarent alssens for haemt ol enent s
can be desi gn%dmnguélsalﬂaviéltsﬁkﬂuﬁ for Qy GBI Saper® ihe érﬂ%l%ghlht&iammgétﬁﬁveredlS Typi cal
tools for such cal cul ati ons are MSC. vi sual NAaS RAN, 4D J’M §r

MBC. Dynani cDegvaﬁ‘é 2 hogmgl YEF TGS ABTe @ PTG S B FPEHCUSE 801 t war e
Cor por ati on, Ssutid aspragr, belre thbBAIWith emycteralls earbret andidifiehe behavi or of and in
particul ar g heyiintuRl36uiRNSndlels Wa B3t U Aahdel toESpite siullidh, khese iaPW,— aad t ypi cal
tool for such calﬁgyl. e found in " Ig%ti | e Fl ow Code" in 2 or 3

tion can b i .
di mensi ons ( PEES w'lg’ﬁéﬁtbsg?&é)ﬂsé?'uasgsss % 'v“éblu%}"aﬁl e fT0m HO tasca via Itasca
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conput ati ona | i CS. . . SUC ard,

FI DAP, POL YFL%QV_%}.S“Q il A o SRAerBR 5 on A vk shelppap @B oa
A further Onparplaion isdherprrreing efhepienss s Teesoiriens depBirivedelinshopte kit er i al s,
such as web naioess d@hdmgh ceZm atpadbanay telae td ongod ebre of theatt-redctzadtopf @fyces, such as

i nduced by th ?heeglolael.ulc_gl\ﬂiogl 'E}.E Sll?i a$ Jagcompigtg {té-éa@i%n, OA]EKE%L%%@H;& Qllb-sé?@s been

found in ANSYS Mechanical TM as avai orm . ., . .Canonsbur g,
PA, USA. Havi Alghemdes ingase ohtameyb-padsi.dhepedgy e cogpegted autpmatigally. sich bgf g ar v

condi tions wi imbdeley pwogtm tdivhis teibatods biuodatylvenditiddsitxedtinead ndiertsibomgisl. whi ch wi | |
essenti al iy I QiBlReHNENANGEM Y deect il sS- uilet 1 OBch ANMhibEkAHRFLd 0 30 the

definition of the materials, here of the enploye articulate materials, or
web mat eri al s RIPHdendy g"é‘b’?ﬁ other, &% theopay &éﬂ%‘%’/‘%ﬁ’“g%ﬁ Nefay %%‘(SP.“&F"“ ons are
t he oper ati oninterigeext simydoprent " conditions, in particular that the process

wi Il be operat@dachbs B} sulbydkiids ROSTRLt pRdathetd QNCHelde@BBas Wil bCdbe B Yesult hOVRVET
be stabilized, such as to 20C, 50% relative humdity. "Anbient" pressure

conditions nY"™FRcl ude, that certain parts of the equi pnent may be
subj ect ed20 0 b adiest simiiavoptepstbafrapster higthegparticu®® niaterid Itp thespavemrciaunie dedreds t o i nduce
air flow 18 comiiddies.arly fixed boundary conditions related to the key
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cluster sizes, basis weights and to an initial design of the recesses.
The results of such a simulation step will be an initial design (depth, shape...) of the recesses of
25  the transfer drum will be designed. The general size of the recesses is determined to be 2-25 mm
in diameter, and the depth will vary from about 0.5 mm to about 10 mm. A recess which
corresponds to a cluster which has less particulate material than required for a monolayer of
particles wiil be made smaller in diameter 5o as to enable accurate fiiling.
Upon consideration of particle to particle forces and pressures, the filling of the recesses may be
30 | investigated, resulting in a detailed design of the recesses, including the sloping of the side walls, |
edge curvatures, relative positioniﬁg of the particle delivering device {e.g. hopper) to the recesses,
use of and if used, the distance of scraping means (e.g. a dactor blade). Also, the application of
vacuum through an air permeabler bottom of the recesses will be evaluated. _
The subsequent simulation step is the movement of the particle filled recesses from the particle

35  receiving region to the particle expelling region, When considering the preferred embodiment of a




in bulk to a hopper system netered via a pre-netering and transfer drum
and transferred to a web material as carrier, before the sandw ch
structure is covered and affixed. 5 Wil st these boundary conditions wll
not be changed for a given sinulation, these may be - and typically wll
be - changed so as to assess e.g. robustness of the system In a further
step, the target paraneter will be set. In the present case these may be
the design paranmeter for the absorbent, sandwi ch structure, such as the
geonetry of patterns, the anount, baS|§ wei ghts and distribution of
materials and so on. An inportant target paraneter for the 10 sinulation is
the presetting of the process speed. These targets are typically defined
for the total spdiyoessg cyiiddiidabgdier demi thirincads pete ta Salimegyof e lcatrdugbldoreme or nor e
of the sub-progass wHhiRRA mlesysuchﬂa%mmeg:@lc&wm%waaumnhh.eme*tunsf@s one
conplete iteration, or t%ere may be iterations of sub-sets of the nodels.
In case of usi ?Psub nodel s, these may be connected automatically, such
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edge curvatur r el ositioning of the particle delivering device
(e.qg. hopper)(;?l'?(’gg tggtﬂega%tg%es use of and if used, the distance of

scrapi ng r?igan§d‘t"é’"%j simgatign loplbyayp aplisl to gihes process pgesispd neyafhdn S cagrectedy ac uum

t hrough an ai r rpgswive sibigiobadpt, anh wfichithemiyafess % Ninlple f&aamlea/ﬁbdebatstad The
subsequent si Me%ﬂh&ﬁon%??@rab?dhgsngto%%v%ﬂr&mer Jmnhgﬁorﬁ rok Ll tﬁe{ Fdsﬂn%d recesses

fromthe particle rec region t e expelling region.
Wien consi der Pl PRrfides,ihich will inteafere prit Arday arppd %16 ppgicless f SiHST FXPTPIRTEL | ng
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forces 25  Having thusly defined the iteration procedure, the simulation steps will start, and will be iterated

until the preset targets are reached, or any other stop criteria is met {e.g. number of automatic
iterations).
A simulation has been carried out for the production of an absorbent sandwich structure as
described herein above at a production speed of 8 m/sec. The simulation results allowed designing
30  the improved process in particular for:

The filling of the recesses by improving the shape of the recesses;

Adjustment of the vacuum for holding the particles in the recesses;

Calculation of appropriate “blow off air” for expelling the particles;

Evaluation of the complete air flow pattern impacting on the trajectories of the particles

35  after being expelled from the transfer device;




and the w thholding forces, such as air flow forces as caused by a vacuum
within the transfer drum A key simulation step relates to the particle
transfer fromthe transfer or printing roll onto the 5 carrier web
material. This has a nunber of interacting el enents, nanely expelling the
particles out of the recesses; novenent of the particles towards the
carrier; Interacting with the air flowas well as air flow disturbances as
i nduced by the particle cluster itselfiocalculations of particle and
particle cluster trajectories. ldeally,~the relative positioning of the
particles in a cluster does not change, i.e. a cluster should be
transferred "as is" fromthe transfer drumto the carrier material. 10 The
air flow stream siDptbrmgttoh ofhheicaricy n@ertalehg pplying factulaucpand fodd the itdergdtiest or i es needs

to further take i BLiQninREHOLMAIng SR PRERE MspBitilelyf phlMe Qs A UE caribBatdi@S Ul TS Of

this sinmulatiogp will be the accurate pasitioning of, the transfer device

el ative to t heeampserspe et ratslor B e PR B of
expel | i ng t he puitst dngpredyctigmidaly cesfipedtiie yessiidndiutitgdipsimula@ngstithier | denti ficati on
of secondary airdparinh DIwicRed StHctRS wil Sk WBIBRERS paRicate okt A AERRIME Sprays; 15
In order to dQ§&gQﬁhg34 gﬁépts of the carrier material, two inportant
aspects have t6°he s ur8t'ed:  First, the pattern of the indentations shal
reflect the pattern as desired for the final sandwi ch structure. Second,
the formation of the indentations needs to consider the defornmation
properties offrltdARmeniciqd dytheRstailef Pegprivtionobthylgyention gt ingppyant 84y BOPOEEE aj n
behavi or of t herciwglrefraiyge; hegtatioh of any @tungindylnedo be adnstanipe mekimhissvh tbdids pattern. 20
Addi tional 15 fUbak b lesheRQl B 1B REnARP! i €d to other process aspects, and
may then be connected to respective sinulation steps, with which they may
interfere. An _exanple faor such rocess ste i.s the application of a
spray adhesive Hgﬁﬁgnﬁﬂﬁm33¥Pf£§&%%ﬁ%WWQPmﬁ&Fﬁ?ﬁ§W8§8WB§WP5¥“the

deposi tion ofwoelfles opriqus o thbse skilleduinithe lart ut vdriouspther clfaggeeangympdificatiyss cgibe | ow ar ound
the particl es.mad withul BRFiInEXARY Biril FaY scopd 6f til@sbA@eh. St ruct ural desi gn aspects
for all of the elenents. 25 Having thusly defined the iteration procedure,
the sinulation steps will start, and will be iterated until the preset
targets arl® r &ah preaneteidpr whislya lupis defiseddpreie s p tedipicaparasetapwhighdn the corigsbrber  of

aut gmati c i ]Eetrtaetpmﬂtsavemi& isﬁmldba;nhéra]gfbomm&al.b&@da, alt aﬁﬂ’ogﬁ%t&@kﬁ)ﬂggﬁﬁm&eﬁe 1
producti on of ;an. . andwi. c uct ur. escr rein above at
a production Eﬁgﬁﬁaﬁﬁ&ﬁgﬁyﬁéﬁ?mﬁﬁﬁ?%ﬁ%ﬂf@éaFSﬁ”%%ELe??”%#?ﬁﬁéﬁﬁﬁﬁsigning 30
the inproved P Hrads cisre lgngth pf "Umaihas tpbe undepsigodas mpaping) st 0"y ecesses by

i nprovi ng the shape of the recesses; Adjustnent of the vacuum for hol ding
the particles in the recesses; Calculation of appropriate "blow off air"”
for expelling the particles; Evaluation of the conplete air flow pattern
impacting on the trajectories of the particles 35 after being expelled
fromthe transfer device;




20 Deformation of the carrier material by applying vacuum suction to form
the indentations; Determning the |anding of the particles respectively
particle cluster on the carrier material. These sinulations have been
translated into a full scale production unit designed by using the

results, and production trials confirned the possibility of using the
simulation results for 5 preparing a sandwi ched structure with a very well
defined particulate pattern at high production speed of at |east 4.2

m sec. Al docunments cited in the Detail ed Description of the Invention
are, in relevant part, incorporated herein by reference; the citation of
any docunent is not to be construed as an admi ssion that it is 10 prior
art with respect to the present invention. Wile particul ar enbodi ments of
t he present invention have been illustrated and described, it would be
obvious to those skilled in the art that various other changes and

nodi fi cat i@mmscan be made wi thout departing fromthe spirit and scope of
the invention. 15 Each parameter for which a value is defined hereinis a
t echni cal para t i S not
o be under ot ond T eerd) Hpblinbd fur PalEKb, Sk g BRRETharnUER 101

f unct i onalprogessdori sekecavely pa@itidnengrarambitemnsteslameda heviag sudisce, thatetiddd t o be
covered b m%Q%;sc§Fq of . the invention, e.g. a length of "10 mm' has to be
under st ood’ &% nP>%bout 10 rmi. 21 Caims 1. A nethod for deternining

the equi prent dpsi giodbiigr R€eSphiRRABERMEEE fRRmi a PERRESSddr whakiact i vel y
positionlag partlculate material onto a nDV|ng surface, the nethod

conpri si ngesRPenEpe! sruagons i eopeetpdy Wiasastioppowrps; C@aﬁltlé’éﬂslatl ons formng a
physi cal nndelb)mhqukpmgg§§0§ﬁg“ﬂ%mg Laltiogguations is connected by

i nteraction boundary conditions; b.) selecting a set of fixed boundary
conditions; c¢) pnuvwdmggSaIsqb&mmedén@ﬁmnmgdsnndel targets; d.)
selecting a se% of | 5&9bls und conditi A e.) perform ng cal cul us
operations on he physical % a °ﬁ§ 03‘%4? initial operating

condi ti ons ande.yar I}&Eﬂ)ﬁmlﬁgwaféal’uy d}ﬁﬂﬁibﬁd ofshe bhysidal 2gedidhsibRusidpetheal cul us
results |nt0 a nodel H%t put which is readable to a human anal yst directly

or by mealidiapreatmges PW&EHQOFE@ﬂeB“W'@Bﬁﬁ%??ﬂ& t he nodel output to
pr edet er m ned fpdelyhHaRhs d@NhicullRteMs R rﬁ(ﬂf‘ci gephabhion s ReleRel ween;

h.) rnodifying the set of variable boundary conditionhs using conputational
a human analyst directly or by means of a computing device;

g.) comparing the model output to predetermined model targets and
determining the deviation therebetween;
h.) modifying the set of variable boundary conditions using computational

equations for minimizing the deviation between the model output to predetermined model

targets; and
1) repeating steps d.) through h.) until a preset exit criterion is met.
2. The method of Claim 1, wherein the set of fixed boundary conditions comprise

the overall equipment set-up, overall process requirements, and a set of initial operating

conditions.

3. The method of Claim 1, whercin the exit criterion is defined by a preset number

of iterations.




equations for mnimzing the deviation between the nodel output to
predeterm ned nodel targets; and i.) repeating steps d.) through h.) until
a preset exit criterionis net. 2. The nmethod of Claim1, wherein the set
of fixed boundary conditions conprise the overall equipnent set-up,
overal | process requirenments, and a set of initial operating conditions.
3. The nmethod of Caiml, wherein the exit criterion is defined by a preset
nunber of iterations. 22 4. The nmethods of Claim1l, wherein the exit
criterion is defined by a preset exit deviation criterion between the
nodel output and the predeterm ned nodel targets. 5. The nethod of Caima1l,
wherein the calculations are perfornmed by enploying a conputer device. 6.
The nethod of Claim1, wherein the set of physical equations being
connected by interaction boundary coggitions i ncl udes sub-nodel s connect ed
by sub-nodel connectivity boundary cdfaditions. 7. The method of Cdaiml,
wherein the set of variable boundary conditions varies throughout one
simulation. { 4

4. The methods of Claim 1, wherein the exit criterion is defined by a preset exit

deviation criterion between the model output and the predetermined model targets.

5. The method of Claim 1, wherein the calculations are performed by employing a

computer device.

6. The method of Claim 1, wherein the set of physical equations being connected by
interaction boundary conditions includes sub-models connected by sub-model

connectivity boundary conditions.

7. The method of Claim 1, wherein the sct of variable boundary conditions varies

throughout one simulation.




