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Products made from a fibrous web are used for a variety of purposes. For

example, paper towels, facial tissues, toilet tissues, napkins, and the like are in
constant use in modern industrialized societies. The large demand for such
paper products has created a demand for improved versions of the products. If
the paper products such as paper towels, facial tissues, napkins, toilet tissues,
mop heads, and the like are to perform their intended tasks and to find wide

acceptance, they must possess certain physical characteristics.

Among the more important of these characteristics are strength, softness,
and absorbency. Strength is the ability of a paper web to retain its physical
integrity during use. Sofiness is the pleasing tactile sensation consumers
perceive when they use the paper for its intended purposes. Absorbency is the
characteristic of the paper that allows the paper to take up and retain fluids,
particularly water and aqueous solutions and suspensions. Important not only is
the absolute quantity of fluid a given amount of paper will hold, but also the rate

at which the paper will absorb the fluid.

Through-air drying papermaking belts comprising a reinforcing element and

a resinous framework, and/or fibrous webs made using these belts are known
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In the aforementioned belts of prior art the resinous framework is joined to

the fluid-permeable reinforcing element (such as, for example, a woven structure,

20 or a felt). The resinous framework may be continuous, semi-continuous,
comprise a plurality of discrete protuberances, or any combination thereof. The
resinous framework extends outwardly from the reinforcing element to form a
web-side of the belt (i. e., the surface upon which the web is disposed during a
papermaking process), a backside opposite to the web-side, and deflection

25 conduits extending therebetween. The deflection conduits provide spaces into
which papermaking fibers deflect under application of a pressure differential
during a papermaking process. Because of this quality, such papermaking belts

are also known in the art as “deflection members.” The terms “papermaking belt”

and “deflection member” may be used herein interchangeably.



5 elevation and typically having a relatively |ow density. The first region
Is typically formed fromthe fibers that have not been deflected into the
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15 softness and absorbency. Such belts have been used to produce commercially
successful products, such as, for example, Bounty® paper towels, Charmin®
toilet tissue, and Charmin Ultra® toilet tissue, all produced and sold by the

instant assignee.

Typically, certain aspects of absorbency of a fibrous structure are highly

20 dependent on its surface area. That is, for a given fibrous web (including a fiber
composition, basis weight, etc.), the greater the web’s surface area the higher

the web’s absorbency. In the structured webs, the low-density pillows, dispersed
throughout the web, increase the web’s surface area, thereby increasing the
web’s absorbency. However, increasing the web’s surface area by increasing

25 the area comprising the relatively low-density pillows would result in decreasing
the web’s area comprising the relatively high-density network area that imparts

the strength. That is, increasing a ratio of the area comprising pillows relative to

the area comprising the network would negatively affect the strength of the
paper, because the pillows have a relatively low intrinsic strength compared to

30 the network regions. Therefore, it would be highly desirable to minimize the



Now, it has been di scovered that the areas of the high-density region and
5 the lowdensity region can be effectively de-coupled in a fibrous
structureyvo@z2o@191 that the surface area of the fibrous spepekem®sipry be

i ncreased without sacrificing the strength of the fibrous structure.
Specifically, it has been discovered that the surface area of the
relatively lowdensity and absorbent pillows can be sufficiently
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More specifically, the present invention provides a fibrous structure that has at
15 least two regions: a first region having a first elevation and a second region
extending from the first region to define a second elevation, the second region
having an increased surface area that enhances absorption qualities of the

fibrous structure.

The present invention further provides a fibrous structure wherein the

20 second region comprises fibrous domes and fibrous cantilever portions laterally
extending from the domes. The fibrous cantilever portions increase the surface
area of the second region and form, in some embodiments, pockets comprising
substantially void spaces between the fibrous cantilever portions and the first
region. These pockets are capable of receiving additional amounts of liquid and

25 thus further increase absorbency of the fibrous structure.

The present invention also provides novel deflection members useful for
making such structured fibrous structures. More specifically, the present
invention provides deflection members comprising a patterned framework having
suspended portions that form voids into which the fibers can be deflected during



defl ection nmenbers. In one enbodi ment, such a deflection nmenber conprises a
5 nmulti-layer franmework fornmed by at | east two | ayers joined together in a
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defl ection conduits of the other layer and thus conprise a plurality of
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In still another embodiment, the deflection member can be made by curing

15 a coating of the curable material through a novel mask of the present invention,

comprising opaque regions and transparent regions, and a three-dimensional
topography.

The present invention further provides novel masks that can be used in a

process for selective curing of a curable material, such as, for example, a

20 photosensitive resinous material. Such masks can also be used in making

~ deflection members of the present invention. More specifically, the present

invention provides a mask having a pattern of transparent regions and opaque

regions, the opaque regions comprising differential opacity.

The present invention also provides a mask in which the opaque regions

25 comprise a gradient opacity that gradually changes in at least one direction. The
present invention further provides a mask having a combined pattern comprising

a pattern of the transparent/opaque regions and a three-dimensional pattern of
protrusions extending from at least one side of the mask. The present invention

also provides processes for making the masks of the present invention.



be made of any suitable material, including, without Ilimtation, a resinous
material 5 (such as, for exanple, a photosensitive resin), a plastic, a

met al , mehwa 02/06005 egnat ed pol yners, etc. The back side of gdyeudoianewor k
defines an X-Y plane. A thickness of the framework extends between the
web-side and the backside in a Z-direction perpendicular to the X-Y plane.
The framework conprises a plurality of bases extending fromthe X-Y 1o
plane in the Z-direction, and a plurality of suspended portions laterally
extending fromthe pluralit i uspended portions are
el evated in the Z- directi orgq&we?ﬁﬁ&%ﬁ“ghﬁg&wirm voi d spaces bet ween
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plurality o sus e portions Irection fromthe X-Y
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15 directions substantially parallel to the X-Y plane, to indicate that the suspended.

portions extend “laterally” from the bases (i. e. not parallel to the Z-direction).

In one embodiment, the framework comprises a multi-layer (laminated)
structure formed by at least two layers: a first layer and a second layer joined
together in a face-to-face relationship. Each of the layers has a top surface and

20 a bottom surface opposite to the top surface. Each of the layers can have a
conduit portion comprising at least one deflection conduit extending in the Z-
direction from the top surface toward the bottom surface. The conduit portion
can extend from the top surface to the bottom surface through the entire
thickness of the layer. The bottom surface of the first layer forms the backside of

25 the framework, and the top surface of the second layer forms the web-side of the
framework. [n a multi-layer embodiment of the deflection member (i. e., the
deflection member comprising a plurality of layers), the plurality of bases is

formed by the first layer.

According to the present invention, in an exemplary dual-layer deflection

30 member (i. e., the deflection member comprising two layers), the second layer

6



portions. During a process of making a fibrous structure of the present

I nvention, these void spaces can receive a plurality of fibers to form
fibrous cemddogy®i 5 portions of the fibrous structure beiptg/i®iged: The
defl ecti on nmenber of the present invention can further conprise a

rei nforcing el ement positioned between the web-side and at | east a portion
of the backside of the framework. The reinforcing el enent can be
f1uid-permeabl e, fluid-inperneable, or partially quid perneable (meani ng
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of the layers cgy @%ﬂ@éﬂl&?nﬁ’erﬁHéﬁbﬁﬁ‘ﬁé ?rééferﬁoimléﬁ‘t‘l&ﬂ%aﬁr@'ﬁ[ﬂ@@%m;ﬁlse a

substantially sem - continuous franmework, a plurality of discrete
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between the reinforcing element and the suspended portions of the second layer.

In a multi-layer deflection member of the present invention, each of the
layers can comprise a substantially continuous framework, a substantially semi-
continuous framework, a plurality of discrete protuberances, or any combination

20 thereof. In the exemplary dual-layer deflection member, examples of
combinations of the first and second layers include, without limitation, the
following: the deflection member, wherein the first layer comprises a substantially
continuous patterned network defining a first plurality of discrete deflection
conduits therewithin, and the second layer comprises a substantially continuous

25 patterned network defining a second plurality of discrete deflection conduits
therewithin;  the deflection member, wherein the first layer comprises a
substantially continuous patterned network defining a first plurality of discrete
deflection conduits therewithin, and the second layer comprises a semi-
continuous patterned network; the deflection member, wherein the first layer

30 comprises a substantially continuous patterned network defining a first plurality of



plurality of discrete protuberances; the deflection nmenber, wherein the
first layer conprises a sem -continuous patterned network, and the second

| ayer compig ®@@%119@ Ssubstantially continuous patterned netwgrkushekisibng a
second plurality of 5 discrete deflection conduits therewithin; the

defl ection nmenber, wherein the first |ayer conprises a first
sem -conti nuous patterned network, and the second | ayer conprises a second
sem -conti nuous patterned network; the deflection nenber, wherein the

first layefr_conprjses..a sem:continuoys. patterned netwrk, and the second
| ayer comfs<al Helenidn Sy it atndPOtEing e dBRanteatt  RuefidPrlBesndl o
member, WniRlity éf'fisérets brotali€fane8sP thé asfléctRinim@midet, WhefdiR Gh& Titst layer

pr ot uberances, °~ and the second | ayer conprises a substantially continuous

pat t er ned QesIpNSES a gemi-sPntinuouscRatirINEH eavotky anfl the secend layer icopinrises

compri ses % Sraantelly diin s BatbRRol TR B8RRELG 2 HECbhd Syttt o
conpri s£s discrefd defsttionUeorRiuMattheravgthid;S tietiviedtiont Mentiwfrl ablain the fisr
wherein the first layer conprises a first gl urality of discrete

pr ot uber ar@¥sy, campriagsea fsslospmi-egiinueyamat ¢ nebirid apd dhaiseconaddayer
di t f i - /
ot 1 a4 8Sond B ebing Ak haiielindt NS e Ner|BYGh ritioer
parti al | y-ihereth ey fibhyer eoraprisetDa semirdatinuaus Patterhed inegvorkplntahit y  of
defl ection conduits, wherein at |east sone of the deflection conduits are
"cl osed" @eCRNd layel @Dmﬂf@eﬁeﬁbmér% &fi gipcrefe ﬂ}rgE@@sEa'?QﬁsirréRPnéeﬂeﬁéon

1] . . . - .
Va1 ) oSl & TR SO LR S pLRMD L Plctb i ot

top surfacmdatite detomnd Ngyemcamgripsiree substantialiys cohtiyeous pattbriechaetwagrka
first conduit.  portion extendjng between thg top and ottchrg surfaces of the
first |ayeefining @ §@condepbmality a9k discxglen gledes 8, hergwithigm Sher ace
opposite t ETeT-R ' oLt t endi
bet ween thde%ﬂ{eggog(r?@e ot trbm err ggéelsﬁ%fq?ﬂeercggc rﬁ%eﬁaéeﬂrﬂ?ﬁ%l% @ %&%te
02/ 061191 prefbesirices) 4 theisecogdt lagef icostprisegea serdi-tdreirnmusnpatieyed
toget h1e5r Inrzatv?/o];k?cﬁ{et8éfieac(fi%nrr%la% Ie?,nv%/nlerpein the first layer comprises a first plurality

of discrete protuberances, and the second layer comprises a second plurality of

discrete protuberances.

The first layer and/or the second layer may be fluid-impermeable or
partially fluid-permeable. One example of the partially-fluid permeable layer
20 comprises a layer having a plurality of deflection conduits, wherein at least some

of the deflection conduits are “closed” with a fluid-impermeable material.

A process for making the multi-layer deflection member comprises the

following steps:

forming a first layer having a top surface and a bottom surface opposite to the
25 top surface and defining an X-Y plane, the first layer further having a first conduit
portion extending between the top and bottom surfaces of the first layer;

forming a second layer having a top surface, a bottom surface opposite to the top
surface, and a second conduit portion extending between the top and bottom

surfaces of the second layer; and



such that the top surface of the first |layer faces the bottom surface of
the second |ayer, wherein suspended portions of the second |ayer

correspondig\@dsprot he first conduit portion of the first |@peisidkyrsPaced
at a distance fromthe X-Y plane to 5 formvoid spaces between the X-Y

pl ane and the suspended portions of the second |ayer. Either one or both
of the first layer and the second | ayer nay be fornmed by a process
conprising the follow ng steps: providing a coating of a liquid

phot osensitjve resin supported by a formn |l o surface, the coating having
a first tHPPIKEES Titst Ryediany! @es%ﬁﬁ%@ ‘6‘?%&%@%&&'8& Geole-fage d018dPABNIR mask

havi ng a t reg| lans
her o - anebanet Tsn R e ofpe Y B0EY ks M hBREnT RGP OfHE fefond
phot osensilayere wheseim suspendedgmorticrs of treusecand Eyeatomespondihgttotthe fiogtaque
15 regions of, the mask .shield areas of the copating fromth j n

o at1 on GATAUE RrHON T JHe Jus LRYSF Bt SRACH &f Redtindere diRrdhe hY, Pinede of
the coati i ; [ u [ i i ng
by exposi na T had RSS! BoMRon Bt AT b AN 160 ispRNRR b dafbe

| eavi ng t reecohddhyrd areas of the coating 20 uncured, thereby fornmng a
partly-forned | ayer; renoving substantially all uncured liquid

phot osensi ti ve Eigsdrrorfer onbdtheofiihe ffirst-layerrarettheayaontidayeraveay detfarred &y
resi nous structure. Optional Ify a backing filmmy be provided and

posi t i oned® BECRES COPHYISING A ﬁBO‘é’mﬁéﬁshnd the coating of a liquid
photosensitive resin, to protect the 25 form ng surface from being
cont ani natFaviging Ige doatjng dofr esliauidAphelosansitiee yresin sugpertedaby ya tforning

process,. of ing t | L rein above, each or both of the
I ayers%2:ar?ug%%ﬁoﬂ}%ggabtipa%ﬁ%‘apﬂ%ﬁgrsg%gq%egg’ a predeterm ned thickness and
formng therein a plura apertures of predeterm ned shapes and

' | i f
accor di ng RVBV'IQ'QS}%-SQHT“e%{”Ie%”EQ@QW'P”Q WO 02/ 061191 PCT/ USOL/ 50472 If the

defl ecti on nmenber having the reinforcing elenent is desired, the
providing a mask having a pre-selected pattern of transparent regions and

opaque regions therein and positioning the mask between the coating of the
liquid photosensitive resin and the source of curing radiation so that the opaque
15 regions of the mask shield areas of the coating from the curing radiation while the
transparent regions of the mask cause other areas of the coating to be

unshielded;

curing the unshielded areas of the coating by exposing the coating to the curing
radiation through the mask while leaving the shielded areas of the coating
20 uncured, thereby forming a partly-formed layer;

removing substantially all uncured liquid photosensitive resin from the partly-
formed layer to leave a hardened resinous structure.

Optionally, a backing film may be provided and positioned between the
forming surface and the coating of a liquid photosensitive resin, to protect the

25 forming surface from being contaminated by the liquid resin.

Alternatively or additionally to the process of making the layers described
herein above, each or both of the layers can be formed by providing a ply of a
predetermined thickness and forming therein a plurality of apertures of
predetermined shapes and according to a pre-selected pattern.

9



process may further include steps of providing a suitable reinforcing
el ement supported by the form ng surface, the reinforcing el enent having a

| ower sidwo f2aeidg the form ng surface and an upper side grAMSELB479 t he

| ower side, and 5 depositing the coating of a liquid photosensitive resin
to the upper side of the reinforcing elenent. Optionally, a thickness of
the coating can be controlled by, for exanple, a roll, a bar, a knife, or
any ot her suitable nmeans known in the art. In one enbodinent, the first and

second | ayers roduced 1lo simyltaneogusly. on two respectiye .formnng
ur f aces and t AbASrB G AR AMPBEEr MG 5 5B, Sleriar fr deregh gh
Accordi ng dr8c&8E rﬁd?f"?&’t‘tﬁ@rnlinc@jdé ‘Q%@r 8f vidi'ané@dit@BIe FeiptSBingf element
mai ntai ning at | east one of the top surface of the first layer™ and the

bot t om surduppertefl byhéha doumingl siyréace, tha rpinferciidg glammerir kaviog rediavwarnsids
required to .enable the first and second |ayers to j.oin Logether .ypon

cont act - 1486 AB BB SHpeS g o8 yorsr Hie anif B, WA 82 Rgd
second 4 ayRipdshmy PR coMESf RY i ShAAbserHIRRY ¥esimab ahbalppdrsi@d®f the
enbodi ment, ‘the top surface of the first layer and/or the bottom surface
of the sedseinforcingeeleowniri se(s) a chemically-active ingredients causing or
facilitating joining together of the first and second |ayers. 20 Each of

t he suspended fOpliormily, hdbicknesed obtheecvathgscari beecontnotied siyn fpr exaenplepasi de

of the frampwork, d,a back rface osite theretop. The void spaces

f or med betrg{E&E’?ﬁ@agﬁ‘JEepé“@éU %E?W%W&b?% %’ﬁg‘nﬁ"m ‘Bltgﬁé -or bet weeP\ t he

suspended portions and the reinforcing elenment, are forned - nore

specifical ly - |BetaRgenembodiaenrt, sine adesd And nheecanshelgyers paie | Bieslugad

ei ther 25 t - i | I Ny es

and corf i SRS dIgPR flo (eARebRle |G S RaGaF ha 1Al Tibed sihetBOER

cont enpl atugdbni oonﬂaet,prreaeﬁtessi nipentAceordiag | toobnaherabodiongrit dfetHeopreserisi ng
e.p

one of the processes of t resent invention. The suspended portion nay
have t he HRYSOOMN Bagier: phnairdaining, at laast aneyoipiieailopesuriase abthe frsplayes. The

the: web- ot ohi i BB, SLilep B 3k Second RYEr 087 Balt Sotad toffeBhe
required to enable the first and second layers to join together upon contact
15 therebetween. Alternatively or additionally, the first and second layers can be
joined by using an adhesive material. In one embodiment, the top surface of the
first layer and/or the bottom surface of the second layer comprise(s) a
chemically-active ingredients causing or facilitating joining together of the first

and second layers.

20 Each of the suspended portions has a web-oriented surface comprising
the web-side of the framework, and a back surface opposite thereto. The void
spaces formed between the suspended portions and the X-Y plane, or between
the suspended portions and the reinforcing element, are formed — more
specifically — between the back surfaces of the suspended portions and either

25 the X-Y plane or the reinforcing element. A plurality of shapes and configurations
of the back surfaces of the suspended portions are contemplated in the present
invention, all of which could be formed using one of the processes of the present
invention.  The suspended portion may have the back surface that is
substantially parallel to the X-Y plane. The suspended portion may also have the

30 back surface that is not parallel to the web-oriented surface. The suspended
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portion may have curving, circular, "waving" back surfaces, or back
surfaces having different irregular shapes. Wien viewed in a particular

Ccr oss- sechigon/ogeopendi cul ar to the X-Y plane, the suspended/paiki@n nay
formeither a "cantilever™ portion or a "bridge" portion 5 in a
cross-section. As used herein, the "cantilever" suspended portion neans the
suspended portion that has at |east one free end in a cross-section
perpendicular to the X-Y plane, while the "bridgi ng" suspended portion is

t he suspende ortiqn that.interc ects. (or, "brid " | east

i acont - Btk ey e Sband BHARLT NS gk pfREReS B bpfRurlells
Anal ogous|pavingd aiffekémq}rgég@eghépés_patterns of the layers, described above,
t he web-side and the backside of the framework may conprise a substantially

conti nuous patt L@kt Ig- | k& the® K- ern
formed by a pl\ﬁl‘b{%n\?3\%%?3@?&%@%gl&g?ﬁc{ggb%&gﬁggngér?]d;’i@gfa?ftgreng(e‘@t;)igfﬁm%en

t he patt erthe suspendeghipostiarnmalyrfarmwaithier as‘cantileue partion be aghtidgehordion
regards_t he web-side.or 15 backside surfaces of,the fr work is th in
e con exlt A OSRERGHe DS R SETarE, IBF e iy BL Sihe OB g e be
framewor k 4uspeREEH poPitsi St Kok @ 1844t dndSred BRAA A5 8Troés-86ctdpeipéndicular

sem -continuity, or discontinuity of the franmework; while in the context

of the webodhdX-¥rlandewbite ity Ueidging’ Isgspenrdeshpeoriondaltye suspenrdeshportioor f ace

(of the -side or th ac side%,,i under consideration.for the purposes
20 of ' contAIgo30BRRS: Bt PRHEY) ' Sarc sk Ameery Dapt iaH pletSotirien
surface. TgpbhdioBMPLd tiRSXaY piiplee, Whether nulti-layer or single-layer, may
have a fluid-perneable conduit portion extending fromthe web-side to the

backsi g of  t NendibgomIpNith b AMRrEMAARIRS ofthé takirs BBsTbdd Bnugb- si de

and the backside o mewor K conprises a substantially continuous
patt er n oftha @éb-sider ahdtthedbackisiter ef the framevgrkdinay ezcsapriseh ar subistaniigily
wherein the Q.I uralit

of discret.e openings.conprises a plurality. of
di scret e GAMBOPHSRatisHyA SUBSEEHEINGFEM-FERGIALS palETsr of FopRii ToRmere
web- si de gy %@%@ﬁegk&' c@l§cﬂé?é’8Ftﬁu5ér%$\%€s.byrh% ditieehcd PORIcEReRb S MRRS a8l to
formfluid-i nperneabl e portions of the framework, if desired. 11 WO
02/ 061191 regardssthe/ Badieavork as a whole and the patterns as regards the web-side or
15 backside surfaces of the framework is that in the context of the framework as a
whole, the entire thickness of the framework is under consideration for the
purposes of continuity, semi-continuity, or discontinuity of the framework; while
in the context of the web-side and the backside of the framework, only a relevant
surface (of the web-side or the backside) is under consideration for the purposes

20 of continuity, semi-continuity, or discontinuity of that relevant surface.

The framework as a whole, whether multi-layer or single-layer, may have a
fluid-permeable conduit portion extending from the web-side to the backside of
the framework. In one embodiment, at least one of the web-side and the
backside of the framework comprises a substantially continuous pattern of a

25 plurality of discrete openings dispersed therethrough, wherein the plurality of
discrete openings comprises a plurality of discrete deflection conduits. Some of
the plurality of openings in the web-side or the backside may be closed by a fluid-
impermeable material to form fluid-impermeable portions of the framework, if

desired.

11



Anot her enbodi ment of a process for meking a deflection nmenber, or a single
| ayer thereof, conprises the follow ng steps: providing a coating of a

| i qui d phetgoealsisii ve resin supported by a formng surfagergdeeseaati ng
having a top surface, a bottom surface opposite thereto and 5 facing the

formng surface, and a pre-selected first thickness defined between the
top and bottom surfaces; providing a source of curing radiation; providing
a mask havi ng transparent regi ons and opaque regions, the opaque regions

conprising at |gast first ague.regi ons and second e reqgions, the 1o
first opaque réﬁ'f%hgr ﬁH@?Or‘F?{%ﬁHFPF ?tgrt%ﬁﬁf? r "?%H"q ﬂegégeg%'ﬂ& '8%5@3&‘& P'téai ons
having a sy@gemslIRASIdY, datfpriddstheliBRolingSiteppaci ty; positioning the mask
bet ween t he coat’ing and the source of curing radiation; curing the liquid

phot osensi{ jv:@a; i h t : ey o Hans
shield fi ré’?\\/lglrrr a? %P éﬁﬁgutgogt Fﬁﬂﬂ?élﬁ%ot @élﬁzér]irﬁgmr ggPé%?%ﬁa%%prfégﬁlnge 15
curing of duniack| tred ceatirags habing leetoposurfaug, thivaitarh sunfacei opgtosithitbéés sindf t he
coating, ,(he secopnd opaque regions partial .hi el d.second ,areas of the
oat | neb t aANEae ML SHREC SBRd.a BrEvBlactah P kB8R UaBad dretpieen
coating tqnpat gﬁ@w?nqnggrfaégé:,ond thickness less than the first thickness
of the coating, and the transparent regions |leave third areas of the

coating uRJer\i!imngfgtsher lé%rﬁ*@ertaﬁfé{tﬂoﬂg radiation to 20 cure the third areas
e Tir |

t hrough t ckness 0 € coating, thereby formng a
partly-forned deflecti nenber; and remving substantially all u d
Ui o phdlBUeie o esRadving FomsBRerhdroiys w3 Sbatler Baldhso e REtiel
| eave a habgringdrRgisiRg ait fdsi Girstr shatftietlegldtisBnd seb&ed gﬁag@ew@ibm, the
nonopl anar, “patterned framework having a web-side forned 25 fromthe top

sur f acto offirsthepagse fagionshaviag Bkt opRCIVo RAE dhe £660MMHEPBAYE G28I0BYINAYEE of
il ur a1ty SrogneEoad S el ite Rt ot r cas of 'The coating and a o
Coat | ng, VIRSHENIG e CBBBIRILERAN Porind Srei P TER el naza9Bi8ny 061101
PCT/ USO1/ 50472 _ . _ _ _
curing the liquid photosensitive resin through the mask, wherein the first opaque
regions shield first areas of the coating from the curing radiation to preclude
15 curing of the first areas of the coating through the first thickness of the coating,
the second -opaque regions partially shield second areas of the coating to allow
the curing radiation to cure the second area of the coating to a predetermined
second thickness less than the first thickness of the coating, and the transparent
regions leave third areas of the coating unshielded to allow the curing radiation to
20 cure the third areas through the first thickness of the coating, thereby forming a

partly-formed deflection member; and

removing substantially all uncured liquid photosensitive resin from the partly-
formed deflection member to leave a hardened resinous structure which forms a
macroscopically monoplanar, patterned framework having a web-side formed
25 from the top surface of the coating, and a backside formed from the bottom

surface of the coating and defining an X-Y plane.

The resulting framework comprises a plurality of bases formed from the
third areas of the coating and a plurality of suspended portions formed from the

second areas of the coating, wherein the suspended portions laterally extend

12



fromthe plurality of bases and are spaced fromthe X-Y plane to formvoid
spaces between the X-Y plane and the suspended portions. A fibrous

struct ur ewlf pliddrolPr €S€Nt i nvention conprises at |east two ﬂ&%éﬁ'i'/%ﬂﬂza first
plurality of mcro-regions (or sinply a first region) defining a tirst

plane and 5 having a first elevation, and a second plurality of

m cro-regions (or sinply a second region) outwardly extending fromthe
first plane to define a second elevation, wherein at |east some of the
second plurallty of nmjicro-regions conprise ?Eflbrous donme and a fi brqus

cant i | ever"iBrifeoRIUEX K i PaSesrBrafIe, SPRERA TIaR End-YatPlana dedrem void
el evati on. ﬂ%% ?)ro bk %@X-ﬁ"ﬂ)@ar{é Qﬁ(?)lth?e %ﬁerﬁ@g ﬁ(ﬁﬁ cantil ever portion

ext endi ng m conprise'a e understood, however,

that sone pill v J1L.st
and second pl ur‘zg,ﬁbm th#ct & ﬁq?é)gr g@@ﬂlhg%ﬁ[)orpé’ Bﬂ? E?%%P{Wéﬁé\@%us,
subst ant i & fisst pRurkliyasttmitueusgions (dosimplly Bfirst relgitrg|definingph fidstgsiame end
protuberances, or conprise a conbination thereof. If the first plurality 15

of ni cro- rayingha émipeleya,&ora 30BsA SecPal | JluEdht pﬁdﬁ@f,o-a@@wﬁ&dpbs%raalyca| Iy

|
o ura Bl Buni S SRR "E’éetféﬁh K, B TRIBS, {oE e, o ecbREP ¢
| east sonBelevﬁtndrhewhekémwat desapr issntg dfhehd i iﬁamm:i ghdumreliigx tof nahiigrg-regiomst he

network area and the flbrous cantilever portion laterally extending from
the done. CRINEIHReadiorewsdpme nd adinevs eastileye PORE %@%P@Hﬁ‘é@dw fFIhh t he

first. Pl anfio! GombOLITPOSIERH o RHEH S AG (e hakh o UL 8BAREAnEShgecn

the first prane an rous cant| ever portion ese ts are
bel i eved tcmrmteyer periaidexieadimlg thernfmrﬁ@bmmrsela/i‘m@aw P gliisi®o lokmundgrsttcbrm use
of the fibrous structure apd thus hance its absorptive properties. The
fibrous cdRWeBrethalspmedows ”ﬂ%n?tl V eé@”&FerVGEPBFt{thl so increase its
overal | surface_area, thereby further contributing to  increasing the
absor ptive propgeagh eef dhet Hisst jasndosecondudiyrpbiies nofa micse¥egiensi 6an be

per pen?;f"go@rst%rﬁ a}ilg c{ﬁt“u%@%{%siarﬁ)tf&fll&ose%l _AhiRrELE i) eﬂﬁ;&%%gcé pﬂﬂﬁ(ltyl ever

per| me one " of OWs conprisrng us "can
portion t mfaliscrekspraigloéiantes, Grasempfise aiabnbihaiton thzarébﬂ b the fisspéurality3 WO

02/ 061191 PCT/ US01/ 50472 . . . .

15 of micro-regions comprises a substantially continuous and macroscopically
monoplanar network area, the second plurality of micro-regions can comprise a
plurality of discrete pillows dispersed throughout the network area, at least some
of the pillows comprising the fibrous dome extending from the network area and

the fibrous cantilever portion laterally extending from the dome.

20 Some of the fibrous cantilever portions are elevated from the first plane to
form pockets comprising substantially void spaces between the first plane and
the fibrous cantilever portion. These pockets are believed to provide additional
room for receiving liquids during the use of the fibrous structure and thus
enhance its absorptive properties. The fibrous cantilever portions of the fibrous

25 structure also increase its overall surface area, thereby further contributing to
increasing the absorptive properties of the fibrous structure. In a cross-section
perpendicular to the X-Y plane, a ratio of an overall cross-sectional perimeter of
at least one of the pillows comprising the fibrous cantilever portion to a cross- \

sectional base of said pillow is 4/1 or greater.
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Some of the pillows, whether they conprise a continuous pattern, a sem
continuous pattern, or a pattern of discrete protuberances, may not have a
wel | - defw@oegldiidr ous cantil ever portion in a cross-sectiporwsspenty cul ar
to the X-Y plane. But even without the fibrous cantilever portions, the
fibrous structure of the 5 present invention provides the benefit of an

I ncreased surface area of the second plurality of mcro-regions.
Therefore, in another aspect, the fibrous structure of the present

i nvention conpid_ses first plurality of mcro-reqgions definin first
bl ane. and havt ST Pl ks PEbuS, P Binerfns SBhikRe S EbRtiRudly witetl s5hG ons
out war dl y cenfiriislisngattér@imot Repattdrptoffdisdietd protabsanceCORE il Siedbi Dell-
wherein in at 10 | east one cross-section perpendicular to the first plane

t he secondefined dibreys srantifgver qxartign dnsa ceps-peetipr perpensicHar itaghg X-Y

ol evat 1 onPefoPuR RVESiH oy ae fRSR30uRREL bBfiBns RREHTREE S ERR dL e 111!
Cr 0SS- $eCpreuedit imastiohprélitiesthgbepsfitrof arhibiceiddeer Ritdcal arca®t ains setoride

fibrous structure may have differential basis 15 weights and/or

di f f er ent PHIralif afi micse-regiens ol harefees, dAtangther aepedo o §btausnsirugtureop
enbodi nmen I t Ls p}: ' o) FCL Q- ' « r er
than a dtéhnes ﬁ{gﬁoﬁ lbﬁ%rﬂfsogcgﬁrgﬂg%%% a *Inf[éé%ll#rtam céfoﬁéggiqgg@glsfdn&% e@%{
enbodi menplare sl havimgi ghfirstf eldvatisiecamd! 9l secahdt plurdlity of enicegregions s
greater than a basis wei gfht of the firstﬁgl uralit%/ of mcro-regions. In
still anoPHBYardydereing remihefisstgrlane fo dmasereneelevatigns wherain ipht i ve

to thea t o fHdher [ oRH . 0,
gr eat gro t ﬁantt 16.?%", 6£éysl,seésd§leﬁ h@%@%ﬁﬁ@’f le]%r ﬁﬁg rbsl?rﬁéuglé%ﬁsle&g?& aé'%%“%’rsgﬁent

i nvent i on niarm-fegicnsacomptisesradiilidve hdeingid grosstseictivralt merirhetehiapd a diessi ty of
the first plurality of mcro-regjon densi t second

.anqthelo y of th

ol ur al i {y SBFUGHA (kRS GreRRirod Al oo Pt soleuRian, YBFI&IA Fefik QralpensPeSsuch

an 25 | gl BLAABPId the ol AbARKRS bALS UCHM! & Gibalde present [ nvent on
east two e the |

conprises at am nae. A ast one o am nae conprises the

fibrous struct Iy : | 7 ' . i pat ,
fibrous struct %g (gﬁéﬁ@gggee%%gﬁhﬁv@@pgns‘?@gﬁngéirﬁs?gi hg%gﬁggé’s}gh ngtﬁéﬁ
| ami na sanqveiglits @pador differemtippiaestiésy geidiar diffé@ntibefibér cdmpegtiiows. Clongrid ses a

fibrous sheet having at |east two regions and 14 . .
embodiment, a density of the first plurality of micro-regions is greater than a
density of the second plurality of micro-regions. In another embodiment, a basis
weight of the second plurality of micro-regions is greater than a basis weight of
the first plurality of micro-regions. In still another embodiment, a ratio of the
20 amount of long fibers relative to the amount of short fibers can be varied such
that that ratio is 1.0, greater than 1.0, or less than 1.0. The fibrous structure of
the present invention can have an intermediaie density relative to the high
density of the first plurality of micro-regions and the low density of the second
plurality of micro-regions. The fibrous cantilever portions may have such an

25 intermediate density.

A laminated structure of the present invention comprises at least two
laminae. A least one of the laminae comprises the fibrous structure described
above. In one embodiment, the laminated fibrous structure of the present
invention comprises at least a first lamina and a second lamina joined together.

30 The first lamina comprises a fibrous sheet having at least two regions and
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WO 02/ 061191 PCT/ USO01/50472 conprising a first plurality of mcro-regions
defining a first plane and having a first elevation, and a second

pl ural it w@b2/0616410-regi ons conprising a plurality of fibrpgsusoi/so472
dones, outwardly extending fromthe first plane to define a second el evation

and a plurality of fibrous cantilever portions laterally extending from
the donmes at the 5 second el evation. The other lamna or lamnae in the
| am nated structure nmay or may not have fibrous cantilever portions. O

the art, PAEPLSNAG N eRsalvidneatresons drpdngR B SRRy BRang A | 1
convent i Oélék/aﬁér‘ﬂcéﬁfﬁ?secaihélﬂlﬁﬁiiwfiﬂ ridfo-ReyibRé BERpTIERTY ablhﬂhlit ks fibtdueLUS

cantilever portions of one am na face the other lamna. |o Alternatively,

t he | ani ndemeaauiyardly exianding froanthe trgé planer o definecarseseny @leysdionyandy si de

{1 br ous st A aHs caRyeyer PURiohealsflpxBRbTgiRIm 14 ddifes ANELTe

the fiBrogscarrnélevaen. MpetdthBsapiiag i ldmpad inghtilaminaibarauture hesyor
pockets conprising substantially void spaces between the first plane and 15

t he fi br omgyoithaveiiirogs cantileyer padiens; 1Ok erursqothepthabtanina grdamiae

t oget her h, .t t | ' ra RO Li o] I): .ace the
i brous. ciit: PevaRte B A bRIReE AT AT nECRl, ey ha MinoB AT BA
fibrous caﬁbmgm&rdr?mgt andgonientiomal pasvesses.amhedadiinposad benjolireel puctket s
formed between the Tibrous _cantilever portions and the first plane of the

FF her | anth@d. theudibraus ofantileveast PPRPTSaPf naee | @minaptacesiba eHesr Bimipe- a
I mt gﬁ glmrfgﬂalti\/él){/, \jﬂée{ Lanﬁinhgrﬂd?/ﬂ%ﬂge'f ﬁ%ﬂopﬁeéaﬂti%%r?&?ﬁ&%r caf! beﬁBinb??&}t hgne

| at er I on, out earl amna or separation

| am nae. Suide appasibio thayhawingthe tedistaantiteiel ipoeticnssof t ness and
absorbency of the lam nated fibrous structure of the present invention.

Alternatively, | iRe lArAMaRGe fiBASLDStruGURE BofippiRirigNal Ideitivor [BRMESEd, | &/dch
fibrous cantil ever Eort ions face 25 opposite directions. A process for

maki ng a fanbneescast have dhe fisrows sapilevenpoitions ripaged isempihiesiést plane to
descri bed ooecStaretTbfind FEFETLER OB SPRES blwerfuie drdhighfiaR ' o
pl ur aliist y i fibrobe rcantiievieh @ortihsdeThargtif e toBatinae are joined together such
that the fibrous cantilever portions of one lamina face the fibrous cantilever
portions of the other lamina, at least some of the fibrous cantilever portions of
one lamina can be disposed in the pockets formed between the fibrous cantilever
portions and the first plane of the other lamina. Such a joining of two laminae is
20 believed to provide a limited movability of the laminae relative to one another in
at least one lateral direction, without tearing of either lamina or separation of the
laminae. Such a movability is believed to facilitate softness and absorbency of
the laminated fibrous structure of the present invention. Alternatively, the
laminae can be joined such that their respective fibrous cantilever portions face

25 opposite directions.

A process for making a fibrous structure of the present invention

comprises the following steps:
providing the deflection member of the present invention, described above;

providing a plurality of fibers and depositing the plurality of fibers on the

30 deflection member;

15



15 WO 02/ 061191 PCT/ US01/50472 deflecting a portion of the plurality of
fibers into the deflection conduits of the deflection nenber such as to
cause SsoReo@indilpe| defl ected fibers or portions thereof tpcbeseispased

wi thin the void spaces forned between the X-Y plane and the suspended
portions of the deflection nenber, thereby formng a partly- 5 fornmed
fibrous structure; and separating the partly-forned fibrous structure from
the deflection nenber, thereby formng the fibrous structure of the

pr esent g ntion, Th rogcess can.further pressi,ng the
et 1 ect | oeTafdinen ReloPRg e pPay & itk R It Goloctleil apeo B PLURE
agai nst ad@ﬂ@cﬁﬁjnnaqerﬁgens 4HERER t6 ealls@son@of aanmitsctéd Sibetaer pdrtiéns’ankee
drying drum thereby densifying portions of the partly-forned fibrous

st r uct ur ethergef totleg disgpoged (vathin e woigapeicen farmed bepregmtha X-oplanepand may

Frurd pretBAvebRfoduTRaNa SCu SRReRy PasfohoerdRy dauhitl aclihy: 1o °

t he pl gr afdrineddfibrbubetreictdre; Hndone enbodi nent, a web di sposed on the
defl ecti on nenber can be overlaid with a flexi bl e sheet of material such

that the %Ear‘aﬁng' FROSSSHIPESNRD fidiBué | sidL fmﬁeih@fdmﬁbhaheﬁﬁwbrt he

defl ecti on nenbe The flexible sheet of material has an air perneability
| ess t hanthdraby édrmihg thie fibeattsi siructwnetafithe phesdrténvasitionsheet of materi al
can al so be air-inperneable. An application of a fluid pressure 20
differential t@hthpredesst cah furtheri edmpaseses stepl eftpressinf the ldedlsttien
portion of the sheet of material towards the wkl ng belt and

def | ect i omesRbek hpwag: the pPadlvriogRedsfikrags V%WCitLI"f?o st & pressing
paper ngki ﬁer@é t sugﬁ‘easmf& aé)iaWpIBf la{ bPﬁéée C(?%?&ﬁi@é&%ﬁﬁﬂgf&% 2herébyper s

known in exa ce osiC bers or any
conbi nat i densihémg pbrtionseof tﬁé palrily-fdrimeyl fidfros BEustucan al so be suppl i ed in

the formof a noistened fibrous web in which portions of the web could be
ef fectively deffhecsted ohtleflédtinglaf betibhoof thz;)pduaﬁty @fnﬂbérfsemagl cbraprses

formed between the suspended portions and the X- | ane of the deflection
menber . 18pplying @ mechanical pressure to the portion of the leers or a fluid pressure
differential, such as, for example, a vacuum pressure, to the plurality of fibers. In
15 one embodiment, a web disposed on the deflection member can be overlaid with
a flexible sheet of material such that the web is disposed between the flexible
sheet of material and the deflection member. The flexible sheet of material has
an air permeability less than that of the deflection member. The flexible sheet of
material can also be air-impermeable. An application of a fluid pressure
20 differential to the sheet of material causes deflection of at [east a portion of the
sheet of material towards the papermaking belt and deflection of at least a

portion of the web into the conduits of the papermaking belt.

The plurality of fibers can be selected from any fibers known in the art, for

example, cellulosic fibers, synthetic fibers, or any combination thereof. The

25 plurality of fibers can also be supplied in the form of a moistened fibrous web in
which portions of the web could be effectively deflected into the deflection
conduits and the void spaces formed between the suspended portions and the X-

Y plane of the deflection member.
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WO 02/ 061191 PCT/ USO01/ 50472 The present invention also provides a mask for
use in a process for curing a curable material, such as, for exanple, a

phot osenswig iwmeci®$i nous material, suitable for making thedeafidoestsson
menber of the present invention. In one enbodinent, the nmask of the
present invention conprises a structure having a 5 top side and a bottom
side opposite to the top side, and a pattern of transparent regions and
opaque regi ons, wherein the opaque regions conprise at |least first opaque

i havi first i 1. d d ' havi ' d
opaci Ly di 11 e te PIET HYeniPa ALRENAPe ST ghOaa b AP PEgr oiek ol0: he
opaque reg @ifaid8mafiil] S8cit 420 Tor lekahfElOR FstosERaRid esiRaLs ehateribne
opaque regions can conprise a substantially continuous pattern, a

subst ant i auitablee for- swking dbesdeflactiennmembeit ek ithe fisesestt iyentiop| uknaoney of

di screte ar . Or .a onbi ion th S EUr re | S . aque
Fegi ons. amioadrEntohe GRRR & heghene Eepubl LB G st alind B
repeat i 19 19glsicks Bnd BBoftbmsdide RpRLSIts egtimntop éitle, are anshtenamiaranepart, or
both 15 of the first and second oRaque regi ons can conprise a substantially

cont i nuougegieastancth opadee begiansi wheteis dne OpaAtie Hegensraneise ahlegst fiestn
formed by

L2075 bl L o0k 5o 00 SO R R

opaque regeebAd opagity REtsrent Bamane fiestopwipr i se nmore than two differential
opacities. 20 For exanple, the mask according to the present invention can

conprise third TiRPaGRpRRGIORYICHE BRE thet BpacLORaGIhY ddi ebmpfisat & ridie
first opacity and the second opacity. In one enbodi nent, the opaque
regi on$0 caapdomeand (erentingt paiieioi tihet opaquegregitng ¢an compgee & substantigdyt one

di tion._ Th ' f ' . ' 5 ' '

fearon. ¢ irondBuBiS raRef® Gk ERtiaRP Sait-balifiun 8 pABR! AGteM il p9onT
opacity cappfiftamgeof discrts aread)dreampEsnBinaichein@eéaofy eFdrthermorae thafirst
increnents, in one or several directions. In another enbodi ment, the mask

conpri ses epadhesegininssard theasecansheraaushipgienscermeompyse eqaiprandom gatt er n
Pr ot usi orlEPBaVEh BTG ShP e RAGLSA=ERals. SR RS 8batiul r8BidRs, or botn
15  of the first and second opaque regions can comprise a substantially continuous
pattern, a substantially semi-continuous pattern, a pattern formed by a plurality of
discrete areas, or any combination thereof. The second opaque regions can be

adjacent to or separated from the first opaque regions.

The opaque regions can comprise more than two differential opacities.
20 For example, the mask according to the present invention can comprise third
opaque regions having a third opacity intermediate the first opacity and the

second opacity.

In one embodiment, the opaque regions comprise a gradient opacity that

gradually changes in at least one direction. The region of gradient opacity may

25 comprise the first opaque region, the second opaque region, or be separate from
those. The gradient opacity can change, in equal increments or alternatively in

unequal increments, in one or several directions.

In another embodiment, the mask comprises a three-dimensional
topography, such as, for example, a pattern of protrusions extending from at

30 least one side of the mask. Protrusions extending from the bottom side of the

17



17 WD 02/ 061191 PCT/ US01/50472 nmask can be structured and configured to be
inprinted into the coating of a curable material to form correspondi ng
depressi oW® 0261199i ds, in the coating. Protrusions extendigmgudoigmsthe top
side of the mask can be structured and configured to provide voids into
which the liquid curable material can flowto 5 approxi mate the contours of
the mask's topography. Either one or both of the patterns of protrusions
can conprise a substantially continuous pattern, a substantially

o ot uber arfSk o bt il eRCEng AniBh e e BBy blo Jhe Weafngid a
patterns QuraleohiaiSiidiNg féith Cofrespahding! ddbreBSioRal bendid, ihr fias Beay.

regi ons and opaque 1o regions to forma conbi ned non-random and repeating
pattern. |Ryobusiongcaxicapingdinpemithetiop sigdaqok thexgnasic ceonbei sirudiuedaand

surfaces of t.he rusi.ons. .Ln.one. er ' . Of . tt f
tr anepar e AE b ABVRES RS 0% WRTRD thRbic kD IRakrel Frpfftkdo" ©
pat t er ns ofagpiexiRiané ke i cymBourSUsitheameaBR's 1©pBgRPHY! | ERNGr 6ASTRRIICIE dftthgct ure
formed by at least a first element 15 and a second el enent j uxtaposed

t her ewi t h Raitesns @fe profrysiens reamtGAnRNES,a sustantially heontinuguse paiemt, for s
th tt : : ' h

Forne -t he SEetiRATSRASRNIB0E,S Bt 4 Pafiéy iorRieR fr8 SRERRNPEUREREG., &

composi t e prefiberancdss of T domiviagation thdrevin Eithenbhaed bottoof trangaiteras bf
repeating pattern of the oi)aque_ regions and the protrusions. 20 The mask
havi ng di fAreldsionsl capserelaie wih the raftain; of Hapsrrrest regiens @nch@rague
cur abl hal 4 f n | I I [ I t

vent (o 1ogigne o, Rl 8" Shimkred Aoh dindih B rRedE Barein.. 1 Gi¢ SEh
opaci ti es a@mbedismdnioimecgeajuseregidrsecapriseedistal surfaogs bhtheapriotrasiong. a
coating of the curable material, to selectively shield the coating from
the curing radigtém endSodiment of sthe PREsK ane qEitRNe diavarigaertt 45d oppgabt y
shield first_areas of the coating from the curing radiation to cause the
first regiregionsds irgependant @andosanarabigiremdhedatians of we prettssions.; Bach

hi el a secb M SAE BRRME BSRS RO FBRETRY 2y TPa8 AArEnEbb™AL o
tﬂe codd i nghd ey ciegond pirhéd jihhacdsmb ShbrsdtH hanat fagcaotface tdiatinsdgs of
e

wherein the first element forms the pattern of transparent and opaque regions,
and the second element forms the pattern of protrusions. The first and second
elements in such a composite mask can be superimposed to form a combined

non-random and repeating pattern of the opaque regions and the protrusions.

20 The mask having differential opacities can be used in a process for curing
a curable material for constructing the deflection member of the present
invention. For example, when the mask comprising the first and second
opacities is positioned between the source of curing radiation and a coating of
the curable material, to selectively shield the coating from the curing radiation,

25 the first opaque regions having a first opacity shield first areas of the coating from
the curing radiation to cause the first regions to remain uncured through the
entire thickness of the coating, the second opaque regions having the second
opacity partially shield second areas of the coating o allow the curing radiation to
cure the coating through a partial thickness less than the entire thickness of the

30 coating, and the transparent regions leave third areas of the coating unshielded
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30 coating, and the transparent regions |eave third areas of the coating
unshi el ded 18 WD 02/061191 PCT/ US01/50472 to allow the curing radiation to

cure the gy @bseofateri al through its entire thickness. Idgcti@1/888E havi ng
gradient opacity is used for curing a coating, a region having the

gradi ent opacity shields a corresponding area of the coating fromthe 5
curing radiation such as to cause said corresponding area to cure through a
gradual |y changing thickness correlating with the gradually changi ng

o aci ent _dpatiay TEnadl e RS HECHIRnI The i alThfudhe rbndhire o

decrenent shicknese direction, a depth of curing of the correspondi ng area
of the coating will also 1o change gradually in equal decrenents or

increments. O ; ' AV ' Ualreqi
éFﬁ#ﬁ{ﬁﬁ‘a&K Iﬁ'ﬁ\gﬁ%?ﬁ%cﬁ@ht QBQ@% SYusBY it ey 4 orfifglalregion

i ncrements. Th esent 1 nhvention can be de by a process
conpri si ndhavingetret gresliert gpamity dihirjda at ¢orregposadinonaraa ofviteerdatingorom the
substantially uniform thickness, such.as, for exanple transparent film
Form n a GisaRTEIcR, sk HI 85 HayBs g pori@Pelt B afeado B BRI ot | 1 ot
predet er mdiad R} &ﬁéﬁ@in@&ﬁickﬁé@@%@k@wtm@e\,\/m&ﬁéI bdaglﬁpbﬁaﬁ@ng%ﬁaoﬂ?c(ﬁnd |
predetermned pattern. The process can be structured 'such that the first
pr edet er mithedmaskise gradudlytepadquel Iregiotor riedraxemple,hift Hie sgredienit opacity

o o MERGBELRabEs (P B BAN. RELeal il R ERBRLARNRTI fb
material chfpdienpar deptess sufitd icin@eusdvespbieliri) aPe®fof therddaligawiiakiser n of

opaque regi ons can conprise applying ink to selected regions of the thin
t r ansp#® erthangeegragiuallyrie espiab deetprnerfs oorisingsamenispr (fccowdset Hie giadietes of

th nb : ' k havi ' f diff tial
opaci t | 65 A th S AR IRl incrdBBalES O esd Comprising printing &
t t filmto f tt . of ' havi t.al

nitial opaci ty NMESIIBRRBPRGTYRBIGT Fah esBRGRAY ERIPEESS PIPHRNDer ¢ )

time, as ngREdsfpst of f BfoVidngad L @i mﬁsﬁ?ﬁﬁw@ﬂanar d?pgay@cahﬁai;fraﬁnfohﬂvi ng

anot her opacity (or other opacities), erent fromthe initial opacity

(or thickness, such as, for example, a transparent film; forming a pattern of opaque
15 regions on the material according to a first predetermined pattern; and
embossing the material according to a second predetermined pattern. The

process can be structured such that the first predetermined pattern substantially

correlates with the second predetermined pattern to form a combined non-

random repeating pattern. For example, the steps of forming the opaque regions

20 and embossing the material can be performed simultaneously. The step of
forming a pattern of opaque regions can comprise applying ink to selected

regions of the thin transparent material. The selected regions can comprise

distal surfaces of the embossed areas of the material.

The mask having regions of differential opacities can be formed in a multi-

25 step process comprising printing a transparent film to form a pattern of opaque
regions having a certain initial opacity, and then printing the film a second (third,
fourth, etc.) time, as needed, to form a pattern (or patterns) of opaque regions
having another opacity (or other opacities), different from the initial opacity (or
different from one another). The differential opacities can also be formed in one-

30 step printing, for example, by a Gravure roll comprising a pattern héving a
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different fromone another). The differential opacities can also be forned
in one 30 step printing, for exanple, by a Gavure roll conprising a
pattern Regiopgidor 19 WO 02/ 061191 PCT/ US01/ 50472 differepttakodepizhs for
receiving ink. During printing, the ink transferred fromthe Gavure roll
to the transparent filmwll have regions of differential intensities,
reflecting the differential depths of the roll's pattern. O her nethods of
form ng opaque regions can be used in the present invention, including,

wi thout li,jitatiqn chenm cal ., el ectr.onmagneti.c aser,. heat c. In

anot ner  abfecehte] UsepE 88 bRk iy PRERGEr Rty R Rlstealictoref FBm s en

I nvent | onGrawhr@dral f&ﬁl‘i‘@‘t@dﬁ%ﬁﬁérﬂrﬁh Kmﬁha@é%blo%dofiﬁﬁfé@enﬁémﬁfér%ﬂ%s, the
foll ow ng steps: Er oviding a coating of a liquid curable naterial supported

by a f or nreflpcting ftaeifferantiah depthet ointhenhellisngatiemot Othersnetlzags ohttrming he
formng surface. a rface,. osite . to the bottomsurface,. and. a first
thi cknassonadisLedigh? fall i< fest PR RTe S fitnten, A gThs i BB ur co
of curisngchéthicl, slacedmaghefi€ dagerheaniet@ured to emt a curing radiation
to cure the coating supported by the f or mi ng surface; 15 providing a mask

having a first |Panofidt 8épddtaBSpRIcREL fb?%gllﬂﬁgatﬂ@ Béﬁ’éﬂi%ﬂ FRBAIEIS of figs €1 1,

and a second pattern of protruslons outwardly~extendi ng om one side of

t he mask; prassnt inventign; eingaa khtesg-dineendidreal coask wgsaribed laboseucempdses ur i ng
radi ati on su;ﬁpﬂ@ t hat, t he second pattern of protrusions is at |east ‘
partial | y&AMBVIEESREo the 20 coating, thereby forming three-di mensi onal

voi ds therein; curing the curahle material, wherein the opaque regions of
the firstPERYqieg R geatinggfe e icarable gnatarial seprered byradermingsv&fagsat i ng

from the LAGH L adi-at i the. : re  Cure ugh

at 1eal e EBRIAE AT 8 B e B A R e
def | ect i ooppesiteeto thenobtiin senface ngnd alfFskihickakby defihed betwesh that op aid f rom
the partly-fornmed deflection nenber to |eave a hardened resinous structure
whi ch f or RRUPMSWERScti on  menber conprising a macroscopical Iy nonopl anar,

patterned framework having . o ] _ )
providing a source of curing radiation structured and configured to emit a curing

radiation to cure the coating supported by the forming surface;

15 providing a mask having a first pattern of transparent regions and opaque
regions therein, and a second pattern of protrusions oufwardly extending from

one side of the mask;

positioning the mask between the coating and the source of curing radiation such
that the second pattern of protrusions is at least partially submerged into the

20 coating, thereby forming three-dimensional voids therein;

curing the curable material, wherein the opaque regions of the first pattern at
least partially shield selected areas of the coating from the curing radiation such
that the selected areas are cured through at least a portion of the first thickness,

thereby forming a partly-formed deflection member; and

25 removing substantially all uncured material from the partly-formed deflection
member to leave a hardened resinous structure which forms the deflection
member comprising a macroscopically monoplanar, patterned framework having
a web-side formed from the top surface of the coating, and a backside formed

from the bottom surface of the coating.
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a web-side fornmed fromthe top surface of the coating, and a backsi de
formed fromthe bottom surface of the coating. 20 WD 02/061191

PCT/ USO1/ %@pde61¥$ expl ai ned above, the first pattern, thecaewmidopattern,
or both the first and second patterns can be non-random and repeati ng.
Dependi ng on a specific enbodi nent of the mask, the nmask can be positioned
such that the second pattern of protrusions is subnmerged into the selected
areas that are at least 5 partially shielded by the opaque regi ons of the

bosi i bned. sucrhs papae abate. BROBM PSS maing SPtond PRliei, o T HiE fiG ea
into the adRpseddif pattenBUanshe AOALEndEN driterepRating. DrPpeddigadn hixpetificst

pattern of the mask. In one enbodi nent, the mask conprises a conposite
struct ur e gbagiman; ofl theaimasiastheampsk riadn §eapotiiipird istigheihairdhe sa¢endposed

therew t h, e ' el e f I e

pr ot rusi orPsa&{%?ﬂ éﬁ@ﬁ&gl%g%%isdgﬁ@me,r&%@é%e%osséﬁ%&glag%%? lﬁ&t %Le Pit Ilen’enIStor
both the il hisliedeby wed ophquéi tegiedn of cthepriirsie papiegueofr egi anask.! f
both the enmbossing elenment and the filmconprise Qpaque regions, it may
benef i ci alASNBHVRY dor nigitionally.o i) ieaske gaBnbeopositienad suiehotatnthad| taent
and the o reqi.ons AP ' he
first pat Psge%léﬂgf[?%’%egﬂsogj;rrghp 85)‘;;]15 'gégéﬁ‘eé@%g%hﬁhgﬁégéWhﬁgﬁen%&e%%@ﬁ can
be transpasethe épadureregionsof thadirst pattern ofthemaaki vel y, the enbossing

el ement can be inperneable to the curing radiation. |In one enbodi nent, the

enbossi ng el emgRtortasmMbRIdifchl) ehe hskiimpisisha 2Bmifdsaaleastule fehReg@ny can
conprise, for exanple, and without limtation, a woven elenent having open

areas theraitlaasiugHiimoand areembassiag ¢lement dsdapesethiarayith, ther eedossing

or ovi di ng <ot forf i e s8R heliBh, PEPHRRsHhs "Bkt RS e
surface, ghbbddeing @éieat,hidei filen, Sorbibdthotesseimbassingasien@nt adf tienfilng can
surface, a top surface opposite to the bottom surface, and a first

t hi ckness aERpligaiopadyeépgipns. tbpotarie aypbesing gleraerisand the film comprise
opaque regions, it may be beneficial to provide that the opaque regions of the

be

15 embossing element and the opague regions of the film are mutually coordinated

to form the first pattern of transparent and opaque regions.

The embossing element can be transparent to the curing radiation.
Alternatively, the embossing element can be impermeable to the curing radiation.

In one embodiment, the embossing element has voids therethrough. Such an

20 embossing element can comprise, for example, and without limitation, a woven

element having open areas therethrough, or a mesh wire.

A process for making a deflection member, using the composite mask can

comprise the following steps:

providing a coating of a liquid curable material supported by a forming surface,
25 the coating having a bottom surface facing the forming surface, a top surface
opposite to the bottom surface, and a first thickness defined between the top and

bottom surfaces;
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21 WO 02/061191 PCT/ US01/50472 providing a source of curing radiation
structured and configured to emt a curing radiation to cure the coating

of the |igaeuoabl e material supported by the form ng swifewessofsovi di ng
an enbossi ng el enent and j uxtaposi ng the enbossing elenent with 5 the top
surface of the coating such that the enbossing elenent is at |east :
partially subnerged into the coating, thereby formng a pattern of voids in
the coating; provi di ng a filmand juxtaposing the filmw th the enbossing
el enent, wher. and t he

i, I, f.i
ot s Dot & Surdd o Eung ratiEST SuiPired Ent g BpARA Drinvei

the opaqugahRGbAND el BRARYOS! tRE IigARE OIS ARhidiRl Gilppdaet Ay Qhéon
whil e the transparent regions cause other areas of the coating to

unshi el dedormingiswgfacke unshi el ded areas of the coating by exposing the
coating to the curing radiation through the enbossing el enent and the
film whilproliding ag érmbossingl elenheni Zinalr piadapaisirich the eatbossingeleneeht whier eby

Uncur o mifier PR, SUaRR (9lc5aPoRR SHRBATRLNECETBRSSHEnBETTY Podydeast
har dened feiARYSuSBHIEARoAREREAHR0 RorBRGTBAARR] H3liom BARLENAhe

patterned fra a web-side forned fromthe top surface 20 of the
coati ng, awdtiagpacksi de forned fromthe bottom surface of the coating. In
its industrial application, each of the processes of making the deflection

nmenber, dgsevidireda filh eind, Jum@ osipgrthe Sitm avithoihiel erabossing eteraent, biereinahpl e,
t he contlnuous process of | q the defl ection nenber, using the three-

di mensi on@Mp@SSNg € ms%’!ﬁi %'ﬂlwm@a%%ﬁgmpﬂgeﬁr@w%ﬂ ignggatatig of
ali qu’l(?hgﬂgi%%e ﬁ@to?fafc@ceﬁé\g?% LEfefdih td YpEqhg %yir%cghledﬁ?%?e%é)%ﬁ‘ A OUS| y

nmovi ng orm ng sur ‘the coating'In a ne rec
coati ng hagatipgdrdmotihecudng tadiatidmavhikp thedrdnsparery regiohaaausa dtlogr areasf ace
opposite tqg the botto surf d’;\nd a first thickness defined between the

top and bdt BWQ@IW%&%%e unshielde

curing the unshielded areas of the coating by exposing the coating to the curing
radiation through the embossing element and the film, while leaving the shielded
15 areas of the coating uncured, thereby forming a parily-formed ‘deflection

member; and

removing substantially all uncured material from the partly-formed deflection
member to leave a hardened resinous structure comprising a macroscopically
monoplanar, patterned framework having a web-side formed from the top surface

20 of the coating, and a backside formed from the bottom surface of the coating.

In its industrial application, each of the processes of making the deflection
member, described herein, can comprise a continuous process. For example,
the continuous process of making the deflection member, using the three-

dimensional mask, comprises the following steps:

25 providing a coating of a liquid curable material supported by a forming surface,
and continuously moving the forming surface with the coating in a machine
direction, the coating having a bottom surface facing the forming surface, a top
surface opposite to the bottom surface, and a first thickness defined between the

top and bottom surfaces;

22



22 WO 02/ 061191 PCT/ US01/50472 providing a source of curing radiation
structured and configured to emt a curing radiation to continuously cure

the coatiwe @ugpeited by the form ng surface noving in thememiisone?
direction; continuously providing a transparent film 5 continuously

printing the filmto forma first pattern of opaque regions therein;
continuously enbossing the filmto forma second pattern of protrusions
therein; continuously noving the film havi ng the first pattern of opaque
regi ons and t.

g second Bﬁttern of. rot % tglgq JtIOI’l said f

bet ween t HECYGAS %&%ﬁ%ﬁ gurngg, ?@8 o S HF PR @Hr%&%e{w “t“ﬁ'@g
second patrhairaﬂoﬁftoprc@hﬁmww dufe athel @aéﬁngl%upﬂbheal by thEbBERSl suifa@et he
coating, thereby formn hr'ee- di nensi onal™ voids therein; contlinuously

curing thanevinghn éet inﬂ diregiiongi n t he opaque regi ons of the first
pattern at least partially shield selected areas of the curable materi al
fromthe continogusipgreviding sstrahspdrent tilve sel ect ed areas are cured through
at least a portion 15 of the first thickness of the coating, thereby

formng a mmhwuélyrpmﬂngerﬁé € k@ formn® ikt rpatiamel of opai e eaigibis tHesrein; ng
substantially all uncured nmaterial fromthe partly-forned defl ecti on

menber to do%ﬁ@o@slg@rn%&%%g' e MRS f‘é%lé?ééﬁcﬁ\ocﬁﬁ'i%m%f'?ﬂoﬁusﬁ% ksenpi cal |y
nonopl anar, patterned framework having a web-side forned 20 fromthe top

the. coat | o5 EKPRRY B8R e B EpA R T RO Oy ERon S HRRTRE, P
of an enbaicordtpatfera afefrotrasions togmisitiorobaict filen pebsestt therceatingand the
fﬁf”ﬁregs't ot of Ruing sedafion sace Thel I spdnchpa@aiar Do AtREITe s et
secondsy a%sifalfEh Shn?r@&é InfeCiHd Roaliig," it fioreby 18fing iRbaliihbhiiont dhipel et e

def | ect o] sed thereth 061191 PCT/ US01/ 50472
therein;

continuously curing the curable material, wherein the opaque regions of the first
pattern at least partially shield selected areas of the curable material from the
curing radiation such that the selected areas are cured through at least a portion
15 of the first thickness of the coating, thereby forming a partly-formed deflection

member; and

continuously removing substantially all uncured material from the partly-formed
deflection member to leave a hardened resinous structure comprising a
macroscopically monoplanar, patterned framework having a web-side formed
20 from the top surface of the coating, and a backside formed from the bottom

surface of the coating.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1 is a schematic plan view of an embodiment of a deflection member of

the present invention, comprising a framework formed by a first layer

25 and a second layer joined together in a face-to-face relationship, each
of the first and second layers comprising a continuous network and a

plurality of discrete deflection conduits dispersed therethrough.
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FIG 2 is a schematic instantaneous cross-sectional view of the deflection
menber shown in FIG 1, taken along lines 2-2 of FIG 1, and also show ng
a fibrousyeeboqfeit he present invention disposed on the deétesdipnenber.
5 FIG 3 is a schematic plan view of another enbodi nent of the deflection
menber of the present invention, conprising a framework fornmed by a first
| ayer and a second | ayer joined together in a face-to-face relationship,

wherein the first |layer conprises a continuous network and a second | ayer

cross- secETGml Jh ot SR B EhEnghs Pt il ol e, BRERIT A ong
lines 4-4 of Fl Gm@mbdrGhdwn $h FISchernake® Ao liee\2-2f ofaRIGmpodhdredéo of
t he defl ection nenber of the present i nvention, conprising a f r amewor k

formed by a firstshowiag aafleronsswebnef |thgeprassnh dnvenii ispasedaon the
face-to-face rel ad(éf%@ghp}g%r% ey\,herel n the first |layer conprises a

conti nuous netwo cond layer conprises a plurality of discrete

prot uberances., FI.G 6 i s a schenatic i sta aneous Gros -s I O Vi ew of
Phe dedl acilor renbercraniall PR S1°aRbA HtoRefinfil SEs oRfeptod

FIG 7 is a SCherfﬂbhﬁ)e?|&ﬂhé'p?ééé?ft |Mérﬂ|6'ﬂ0€bﬁ®'ﬁ%lr@faW&%éiﬁéﬂ(%ﬁh@@ brw‘oer

20 of the present invention, nsm& framework formed by a first layer
and a second | aydirs} dayewd Etr‘@geﬁ reacond dayedcipined figgethes| it iadesedo-fagker ei n

compr | ses a Cont | AR wPEoETES oSt BB ZEMRaC8 ol df N

cross-sectional vava@ecbha Ié%fﬁr'c@?ﬁpr%@s 2ZSemBodsinuieetveriE! G 7, taken
along lines 8-8 of FIG 7. FI'G i's a schematic plan view of an embodi ment

of t hgfodeH@Ca' Orlsr@@ﬁfemeﬂ o H&@anﬁ’t‘éﬁééﬁ; % drB¥$8bERShal G\F?éW bYW RibEAGEWOr K

formed by a first |ayer a second er Joined together in a
face-to-face rel anembamthwnznﬁfﬁ GZIai@meQQn@ﬁ]TewseﬁllelK?ZB wherei n each of
the first and second | ayers conprises a sem -

FIG.5 is a schematic plan view of an embodiment of the deflection member

of the present invention, comprising a framework formed by a first layer
and a second layer joined together in a face-to-face relationship,
15 wherein the first layer comprises a continuous network and a second

layer comprises a plurality of discrete protuberances.

FIG. 6 is a schematic instantaneous cross-sectional view of the deflection
member shown in FIG. 5, taken along lines 6-6 of FIG. 5.

FIG.7 is a schematic plan view of an embodiment of the deflection member

20 of the present invention, comprising a framework formed by a first layer
and a second layer joined together in a face-to-face relationship,

wherein the first layer comprises a semi-continuous network and a

second layer comprises a continuous network.

FIG. 8 is a schematic instantaneous cross-sectional view of the deflection

25 member shown in FIG. 7, taken along lines 8-8 of FIG. 7.

FIG.9 is a schematic plan view of an embodiment of the deflection member
of the present invention, comprising a framework formed by a first layer
and a second layer joined together in a face-to-face relationship,
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conti nuous network. FIG 10 is a schenmtic instantaneous cross-sectional
view of the deflection nenber showmn in FIG 9, taken along lines 10-10 of

FIG 9. Swd@el@f is a schematic cross-sectional view of gdreudekheeti on
menber shown in FIG 9, taken along lines 10A-10A of FIG 9. FIG 11 is a
schematic plan view of an enbodi nent of the deflection nenber of the
present invention, conprising a framework fornmed by a first layer and a
second | ayer joined together in a face-to-face relationship, 10 wherein the

first | ' . ] - ' t K d d | .
corpr i see & pl ur aPTESeDr SRR cPbrBopH BT abY arastl st 1 SiBMEes B Cleri

i nst ant aneous cr oggnsduCmsvorik.ew of the deflection nenber shown in FIG
11, taken along lines 12-12 of FIG 11. FIG 12A is a schematic

i nstant an 0§S- | iMd e PreYensy. i MRe’ in
FIG 11, ?ﬁ%zr?% c%?\gas ??Iﬁ%@ﬁ%ﬁ\ﬂ%@\ﬁ‘tﬁeo&?g I%%%.seegll%ﬁal\ééi%sgg s%h%%amté;ﬁgnpl an
vi ew of an enbodi member shdven deFlGRQ,itakenreldngrlinesf10-h@ opFéEeht i nventi on,
conprising a franework formed by a first layer and a second |ayer joined

t oget heg iFIGR 10AC & & achanrtitalredd-sasitvral viewhef tHendéffertibhrmembay showannr i ses
a plurality of discrete ﬁrotuberances 20 and _a second | ayer conprises a
conti nuous net wor KIGF?.daken alenalines Et10A ¢iflGa®t aneous cross- secti onal
view of the deflection nenber shown in FIG 13, taken along |ines 14-14 of
FIG 13. HlG. 115 issaschen@iiat planpliew ofianeatbogimenbetitheedeflemtionh@ember

by a 1irst layer ob8ehresRE¥EHlon KrERbgRg adaRBt e IR B flece
rel ationship, whegfinat 86cdrid Saydrajsiied aapéinge sinaaptddeatolfake Ofelgticiehs, e

protuberances and a second |ayer conprises a semi-continuous network. 25
WO 02/ 081191 PCT/ WbB1eipoUmE? first| layerl gompriges ch exedmireontinypuatrgiwetls and a

- ti | vi fl.ecti . i , tak I
i nes 16516 of i eELqRd 19yREoBpreEs aBRIPSl S RIPPIMU oSS enpod nent
of the deflila(?tfzonisn%nggrrlematic instantaneous cross-sectional view of the deflection

member shown in FIG. 11, taken along lines 12-12 of FIG. 11.

FIG. 12A is a schematic instantaneous cross-sectional view of the deflection
15 member shown in FIG. 11, taken along lines 12A-12A of FIG. 11.

FIG. 13 is a schematic plan view of an embodiment of the deflection member
of the present invention, comprising a framework formed by a first layer
and a second layer joined together in a face-to-face relationship,
wherein the first layer comprises a plurality of discrete protuberances

20 and a second layer comprises a continuous network.

FIG. 14 is a schematic instantaneous cross-sectional view of the deflection

member shown in FIG. 13, taken along lines 14-14 of FIG. 13.

FIG. 15 is a schematic plan view of an embodiment of the deflection member

of the present invention, comprising a framework formed by a first layer

25 and a second layer joined together in a face-to-face relationship,
wherein the first layer comprises a plurality of discrete protuberances

and a second layer comprises a semi-continuous network.
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of the present invention, conprising a framework fornmed by a first layer 5
and a second | ayer joined together in a face-to-face relationship, wherein
each of tWwe® dmsiand second | ayers conprises a plurality rfT/USHISEC7R2t €
protuberances. FIG 18 is a schematic instantaneous cross-sectional view of
t he deflection nenber shown in FIG 17, taken along lines 18-18 of FIG

17. 1o FIG 19 is a schematic side-el evational view of an enbodi nent of a
process for making the deflection nmenber according to the present

i nvention.pid Gg 2& gﬁgﬂgﬁ?ﬁgﬁ%@pp&l%u&i %r?gfse%tif)ﬁégwéw offind NGerfidipri Ment

of the proceéss o ection nenpber according to the present
i nvention, show ngembasshdvayimBiG.r5)Saleerealongrithespdy i@ of Effions., the 15
mask bei ng di sposed on the top of a coating of the curable material. FIG

21 is a sqHEMEy Cishaheniic IRA!view &N £ eifbddafibAdbiMeY defledtion McoHRsS
for making the defl ection nenber, schematically show n% sel ective curing
r

of the coating of of K& piasgpl BIvaatien.i caMpnisiog gHrarnewetsiersiesty 2 firstigygr 20,
and taken al i 21 f : L.Gs. . 22A- b d
parti al gpl Zno\r)?ewéﬂgfae%%%%}cgé%@srel)of@etaaﬁ{rﬁg&@saf é?ézr}gkﬁaﬁg ﬁ%ﬁ%c?iﬂon

menber accordi ng helrdia pacsehtthe ifitsteahd aacoadclhysizovomgrises ex pluplity yof
enbodi nent of the mask having transparent and opaque regions. FIG 23 is a
schemati c i nst ant Si86ERIE RIPRDSIANGES: onal vi ew of an embodi ment of 25 the
process of making the deflection nenber shown in FIG 22A and taken al ong
| i nes 23- Gofl8FI & a23pheratierinsiantanepusherasapesiipaal viegw of jhe ndefigctian

:é??tsisf' Jeot| §P§i” SRSt B S ifbﬂ‘%%ﬁ%%%%@ﬁ“@%“@é# RS Ben i ong t he
i 24-2 El G 22B, 26 \WD.02/061191 P Us01/ 5047 FI.G. 25
Ceherdd o FIf 19 is 8 SobeRAle SidselavaTianal e, oL AR STaPoagaTtial aaMgRRsS 1o Gs.

22 and 24, and takgk Wdéﬁ&tibhﬂﬁe%e?ﬁc%rdﬁlg%ﬂ t%%%regérﬁiné’eﬁﬁidrﬁ a

schemati c i nstant aneous cross-sectlonal view Si ar to that shown
FIG. 20 is a schematic plan view of a fragment of the embodiment of the

process of making the deflection member according to the present
invention, showing a mask having transparent and opaque regions, the

15 mask being disposed on the top of a coating of the curable material.

FIG. 21 is a schematic cross-sectional view of the embodiment of the process
for making the deflection member, schematically showing selective
curing of the coating of the curable material through the mask shown in
FIG. 20, and taken along lines 21-21 of FIG. 20.

20 FIGs. 22A-22C are schematic and partial plan views of embodiments of the
process for making the deflection member according to the present
invention, each showing an exemplary embodiment of the mask having

transparent and opaque regions.

FIG. 23 is a schematic instantaneous cross-sectional view of an embodiment of
25 the process of making the deflection member shown in FIG. 22A and
taken along lines 23-23 of FIG. 22A, schematically showing selective

curing of a coating of a curable material.

FIG. 24 is a schematic instantaneous cross-sectional view similar to that shown
in FIG. 23, and taken along the line 24-24 of FIG. 22B.
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in FIG 24, show ng an enbodi nent of a three-di nmensional pattern of 5 the
mask. FIG 26 is a schematic plan view of a fibrous structure of the

present iwWwWeENIePP1 conprising a substantially continuous mAduso1/50472
macroscopi cal | y nmonopl anar network area and a plurality of discrete

pillows dispersed therethrough. FIG 27 is a schematic instantaneous
cross-sectional view of the fibrous web 10 shown in FIG 26 and taken
along lines 27-27. FIG 28 is a schematic plan view of the fibrous

of et vor IE1Gr 23 alfch Shemalie Imsaeinogts Srasssidrdntiat domuriat GhBanshonn " "
cross-sect onal v s bAT &P 1 aidfi $hOWAe bB-9 & FRE B t aken

along lines 29-29. FIG 30 1is a ematic |nstant aneous cross-sectional

view of a Fﬂ@obbﬂmsoé s{:ﬁgma i sgévﬁﬁﬁéwﬂ:w %Ictlbhﬁl \Hé@sﬁ‘?ﬂ?ﬁlaf Rk 5RBwn

showi ng in re deta ous can ever portion. FIG
31 is another schinBiGi.c24 nghca/vihgrmvembudmensetmthrm dvm@mlorhalt;mﬂe‘rnmfous
20 structure, simlar to that showmn in FIG 30. FIGs. 32-41 are

phot oni%rogr aphs H1%0M@8k, in cross-section, exanples of the fibrous
structure of the present invention. FIG 42 is a schematic side-el evational
view of tHdCpRbcetssa schametioglan viewr ol fibkus girutereseicibedpriegenionyaetion,

embodi nent of the

cross-sectional F@éﬁgg&g 3&#@%@@%@?@&3@9@@&? B§ u)éﬁ]q[nrolﬁ)(ll nuarre of
the present invenhémork@eeRandiangluraity bhdistase pillbwiedispogeditheret@roude.

02/ 061191 PCT/ US01/50472 FIG 44 is a schematic cross-sectional view of

anot her erfjedipents Qfscthlé?nelt%”?n@f?érﬁgném@ BHISSHdHBhA Fie®f of b ApRRRNMveb
invention conprising two |amnae joined together. FIGs. 45 and 46 are

phot om@&r ogr aphs showh iy FG a2 ed taken along-lestaBRAl 5 confl gur ations of
the fibrous structure of the prior art.
FIG.28 is a schematic plan view of the fibrous structure of the present

invention, comprising a semi-continuous patterns of network area and

pillows.

FIG. 29 is a schematic instantaneous cross-sectional view of the fibrous web

15 shown in FIG. 28 and taken along lines 29-29.

FIG. 30 is a schematic instantaneous cross-sectional view of a portion of the
fibrous structure of the present invention, showing in more detail a

pillow having a fibrous cantilever portion.

FIG. 31 is another schematic instantaneous cross-sectional view of the fibrous

20 structure, similar to that shown in FIG. 30.

FIGs. 32-41 are photomicrographs showing, in cross-section, examples of the

fibrous structure of the present invention.

FIG. 42 is a schematic side-elevational view of the process of making a fibrous

structure according to one embodiment of the present invention.

25 FIG. 43 is a schematic cross-sectional view of an embodiment of a laminated
fibrous structure of the present invention, comprising two laminae

joined together.
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FIG 47 is a schematic cross-sectional view of the pillow of the prior art
fibrous structure shown in FIG 46. FIGs. 48 and 49 schematically show, in
i nst ant ang@YsAINSS- sectional view, another enbodi nent opcifusoraelid -1 ayer
defl ection nenber of the 10 present invention, conprising a first |ayer
and a second layer, the first layer having a deformability greater than the
deformability of the first layer. In FIG 48 the deflection nenber is
shown free of a conpressive force, and in FIG 49 the deflection nmenber is

shown un pl.ication of . the conpressjve force. 15 FI 0 |
schenat | o Theflt oIiB A TSIRETENH SioSTookioBab i et SapehEphoREaT FofMeraki ng
the deflection mMghfnatdCHtsdu8dstr@etliite oP MR8 ShlesbRY RVdrEdNn cér‘ﬂﬁ\’i‘siﬂg_ flvo
process of form ng a mask having protrusions. FIG 51 is a schematic

si de- el evat i onal lgimdveajoired tagedkmrent of the process for naking the

defl ecti on nenber of the present invention, using a 20 three-dinensional

enbossi ngFEkemdbtandrl48 &v@ pisotarsarbgregthsc skowiBigebrarapleznal cvossasadtional
enbodi nent of the process far ing the deflection nenber of the present

i nvent Pon, wher ei rtf'ﬁé'ratl?é@@éﬁ%%ﬁf%‘ﬂ%“&@%%%@ﬁ?é’”é)trlaurEtur e. FIG 52Ais a
partial plan view of an enbossing el enent taken in the direction of 25 the
arrow A oflGi 4 g9 a sglematic prsg-sachienal Yiew eidhamiliave ofithe phet artdipseusnal

vi ew of an enbodi 0, . def i on nenber of the present invention,
havi ng fl ui d- inp%‘érbelgehoy\ye}ﬁne%ﬁ'%'condui ts. 28 WD 02/ 061191

PCT/ US01/ 72 FIG, 54 is a schematic instantaneous cross-sectiognal view
of ‘one. enbidnéft At FhTERALETRroale B SN ROR BN SaRETE P ber
are di sposed betyRRef NmBSAhRGI BN tABMRRIH-Ryck Nge@RANIméMBEPLofOMand a
flexible sheet of material. 5 DETAILED DESCRI'PTI ON OF THE | NVENTI ON
Def | ectt0i on Menberpresent invention, comprising a first layer and a second layer, the first
layer having a deformability greater than the deformability of the first
layer. In FIG. 48 the deflection member is shown free of a
compressive force, and in FIG. 49 the deflection member is shown

under application of the compressive force.

15  FIG. 50 is a schematic side-elevational view of an embodiment of the process
for making the deflection member according to the present invention,

showing a process of forming a mask having protrusions.

FIG. 51 is a schematic side-elevational view of an embodiment of the process
for making the deflection member of the present invention, using a

20 three-dimensional embossing element.

FIG. 52 is a schematic side-elevational view of an embodiment of the process
for making the deflection member of the present invéntion, wherein the

mask comprises a composite structure.

FIG. 52A is a partial plan view of an embossing element taken in the direction of
25 the arrow A of FIG. 52.

FIG. 53 is a schematic instantaneous side-elevational view of an embodiment
of the deflection member of the present invention, having fluid-

impermeable deflection conduits.
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As shown in FIGs. 1-18, a deflection nenber 10 of the present invention
conpri ses a macroscopi cally nonopl anar, patterned framework 20. The
patternedvdpaoawmr K 20 may be made from a variety of natepediyser/done udi ng
but 1o not limted to: resinous material, netal, netal-inpregnated resin,
pl astic, or any conbination thereof. However, as used herein, the term
"framewor k" does not include a structure that Js forned by nutual ly

per pendi cul ar interwoven filanments, such as, for exarrpl e, afornmng wire

or asim ly farnmed structure, Suc a structure lurality
of mut ual Fot pandt eamafc (stantaDeoHs frots seidahvied Sl pis Hufacimgnt

el ement in the dejfl @@t pRIEcSBBCthel Predbnt hﬂ/@%ﬁl@ﬁe%erélﬂVﬁdErboé’re @8p ¥4dd be
di scussed bel ow, but does not constitute the "framework" of the deflectlon
menber 10. |f thdoetwaeavtbeldemcb@nmh@nbef ptie preseshiraentioniandnadexibie t he
resinous material A ﬁ .nfateri al having insufficient inherent strength,
or has a patternShf(? Oha gﬂﬂ'be di storted when pulled in a machine
direction (defined below), a reinforcing element 50 is typically used to

enforce the franmework I | O rei nforcing
el ement® 50 may be necﬁiﬁﬁﬁ%ﬁlpﬁéﬁﬁfﬂﬁﬁyﬁmeo conprises a
sem -conti nuous pattern or a pattern conprising a plurality of discrete
pr ot uber aBeflectign Mpmbeate di scussed in greater 25 detail bel ow. The

reinforcing elenment 50 is positioned between the web-side 21 and at | east
a portion of tAseshawhdn ddGa2 10f8,tehdefleciinmumelnizd. 10/of thee phesent dnvendiooi ng

element 50 is eneraII ar al.l to the backsi

et on oforESEETRr RSl rRetegAicxsefned, Sar ks 2ke; 48822 of
the franmepsfikmd®d framehRll 20 @ali idnridel fed 4 Varst @ffmhté?i%dé Wnélb@xn@%ﬁs' de
22 of 29 WO 02/061191 PCT/ US01/50472 the framework 20, di scuSsed in
mor e dét anbt limited.tol resinens madeidhlrnetal, metalelmpa“eun@hedl neglrelréaﬁm 05@nryay

conprise the ba Ksi of, the franmewo . atterned fr,

can be§ oP RGN Ber&ns Hptulia. cierien Nefpn. thciohd) HFEPErAL SBTAE: S0
has an uppRiudd d¢ Studlfk atha®WRr fSirfed 58¥0ﬁﬁ@§altye geip eRdittir UWNoﬁﬁeﬁe ol.
The web-side 21 of the framework 20 and the uppeér S|de 51 of the

rei nf or ci filgMegrigedUcibast &yeexaraplel aelorming WzbrﬁdOIt acsimiaits feranezb swcturr
Such a structure, comprising a plurality of mutually perpendicular filaments, may

15 be used as a reinforcing element in the deflection member 10 of the present
invention, as will be discussed below, but does not constitute the “framework” of
the deflection member 10.

If the framework 20 of the deflection member 10 is made of the resinous

material or other material having insufficient inherent strength, or has a pattern

20 that can be distorted when pulled in a machine direction (defined below), a
reinforcing element 50 is typically used to enforce the framework 20 of the
deflection member 10. The reinforcing element 50 may be necessary when the
patterned framework 20 comprises a semi-continuous pattern or a pattern
comprising a plurality of discrete protuberances, as will be discussed in greater

25 detail below. The reinforcing element 50 is positioned between the web-side 21
and at least a portion of the backside 22 of the framework 20. While the
reinforcing element 50 is generally parallel to the backside 22 of the framework,

a portion of the reinforcing element 50 may extend beyond the backside 22 of

the framework 20, thereby creating surface irregularities in the backside 22 of
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framework 20 and the | ower side 52 of the reinforcing elenent 50 face the
opposite direction. As defined herein, the backside 22 of the franework

forms an wgot/i®pe. Since the reinforcing elenment 50 is mgtudoyBigal |y
adj acent to the io backside 22 of the framework 20 (FIGs. 2, 4, 6, 8, 10,
12, 14, 16, and 18), it could also be said that in sonme enbodi nents the
reinforcing elenent 50, as a whole, defines the X-Y pl ane. One skilled in
the art will appreciate that the synbols "X " ," and "Z" designate a

" Gt i ndG TERRRBHC A0 At iBeatldRufo %93@”@%8?@5‘@95”"'%ﬁgméﬁtﬁiﬁrk
20 (or Dby th@?elhﬁirbhgréleﬁ@nebe é&c&ﬂbn@@ﬂﬁ‘e bhéksi@ebbesthe frafiteek 20 is

di sposed on a flat surface, and defines an_ orthogonal to the X-Y
pl ane. As used H& ﬁaﬂerﬂadefr@@emorlﬂau Gastbe deineddaithadeidorcingelgmanitin

per pendi cuhpy rc?ﬁr%f)goqn@%&e\?pgh@ﬁ @'&?1' ‘r‘ss'nd’e 5 *é‘?wdtﬁ? HR:%rZsug% sﬁezcgfdo%ﬁe geans

a di nensi on, sur par al

Z-direcd i dhe uppesbiald 81 berr@webtdldie'zmcafeﬁe fiamwem 20 hatl the Ppemeide shat
"extends" in the Z-direction does not need itself to be oriented strictly

paral | el 1@ hRerefogtingalemient ik Tace Ane edifeaias, iand: Hie ,@aek$l@%t2:?oﬁf e this

cont ext h h t his
ot par al T ywofk 263548 ik Bluch 1ad5 ST v IGRFahE Aeftidr 40 Joddhel 2
di recti on gpposlié elirettion. hAsmeanbletmémzmedb@&smn 2pefthe ﬁranmwmmr@rms anbe

parallel to the X-Y _pl ane; such an element can be oriented in th
di rect i on %abPlang. n n‘%?d?bﬁ reinfargingnRlemennt R 1S H?PSt cyically ad@genk t‘? H'Beart

W 2060 BRREER) 24 Srte! eyt BOo(ba0clee, . 10,34 068 | o 1
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deflection member 10 is disposed on a flat surface, and “Z" defines an
orthogonal to the X-Y plane. As used herein, the term “Z-direction” designates
any direction perpendicular to the X-Y plane. Analogously, the term “Z-
dimension” means a dimension, distance, or parameter measured parallel to the

20 Z-direction. It should be carefully noted, however, that an element that “extends”

in the Z-direction does not need itself to be oriented strictly paralle! to the Z-
direction; the term “extends in the Z-direction” in this context merely indicates
that the element extends in a direction which is not parailel to the X-Y plane.
Analogously, an element that “extends in a direction parallel to the X-Y plane”

25 does not need, as a whole, to be parallel to the X-Y plane; such an element can

be oriented in the direction that is not parallel to the Z-direction.

One skilled in the art will also appreciate that the reinforcing element 50,
as well as the deflection member 10 as a whole, does not need to (and indeed
cannot in some embodiments) have a planar configuration throughout its length,

30 especially when used in a typical industrial process for making a fibrous structure
500 of the present invention, as the deflection member 10 in the form of an
30 "



5 several elenents of the generally flexible deflection nenber 10. A person
skilled in the art will appreciate that when the deflection nenber 10
curves owobhedimeise depl anes, the X-Y plane foll ows the ponUsgusoatz on of

t he defl ection nenber 10. As used herein, the terns containing
"macroscopi cal" or "macroscopically" refer to an overall geonetry of a
structure under consideration when it is placed 1o in a two-dinensional
configuration. In contrast, "mcroscopical” or "mcroscopically" refer to

rel ativel I t gl d | o ' t
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def | ecti odireciidnal at@w tBe(RIE. M2) nedsosaupifentonceptafane dafecton membee

defl ection nber,. 10, en it is placed.n,a two-di nensional cqnfiguration,
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planarity | |y i I I |

rembor ' s ST RERaN? s RBfbIR dof o BUMBoGD O NScEPind, R BOIMal o 1 he

def | ecti osevarabelemidnts axf thehgererallyiflexibie deflectiont mesdeadi e nl ipersdn glsiledkr n of

defl ect i dyi d . ded i |1 bhe described bel ow. 20
The framoli® SoWibABPIeSAe Inel Wher fies dBRoaiRrEebipert) qifRR Ry Ve

suspe ndedd@ﬁlb}‘u}g@,nﬁle‘b@# BACHbHEES tHe/ cori SPthXddiesoh néMser 10.

Z-direction. the deflection nenber I0 conprises the reinforcing el enent

50, the plurahgtyepf he@ﬁ,eﬁﬁf‘@%ﬁﬂé do?ItéIﬁﬁ’Igte‘gné%sé IEéI@roﬁ"i“Hﬂac%ﬁHHMal 9 and

extends therefrom outward e suspen portions 49 |laterally extend
fromthe pdfar ¥ ahyowerabasemedy &Oa sirhetupd wndker cynsifiemtmmewten ipisrplacet 49
typically, extend in, at I,eas{ one, direction parallel to _the X-Y. plane.

Si nce Ohele As Bvoidimgasicpal ncepfigwatiofver GANtr&shi oRICRECRPIG” ¢ 8" t he
X-Y pl ane #rbtp% fS t e ' d
on apdesi I;rgg;% esli gnd"gf {ﬁ%r eﬂg ﬁ%ﬁ%@?%ﬁg{ Td('?ﬁfébg% Jﬁ%’ggggﬁ@%sgﬂdgase
parti cul acomsitamdioof withkihmegane tal é@$ lozetdliogeoreetner FO0 examplayan htaal coB@xbf
making a fjpro tructure, or both, as,described bel pw. 31 WO 02/061191
per Usow sbilmdenaeiar tismbed | f snted shsrGrroRRaDEDATE) BIRARBA! Hine
spaces bejugeationhpeRdseds B3 WHer imssﬂaﬁé’dl |8l tw8Rfimerkiopal EomdirAfon, hH3e

defl ection conduits can extend In the Z-direction fromtheé web-side 21
t owar d5t has Easkwilele- only minor and tolerable deviations from the absolute planarity,

which deviations do not adversely affect the deflection member’'s performance.
At the same time, the patterned framework 20 of the deflection member 10 can
have a microscopical three-dimensional pattern of deflection conduits and

suspended portions, as will be described below.

20 The framework 20 comprises a plurality of bases 30 and a plurality of
suspended portions 49. The plurality of bases 30 extends in the Z-direction. If
the deflection member 10 comprises the reinforcing element 50, the plurality of
bases 30 is joined to the reinforcing element 50 and extends therefrom
outwardly. The suspended portions 49 laterally extend from the plurality of bases

25 30. The plurality of suspended portions 49 typically extend in at least one
direction parallel to the X-Y plane. Since there is a virtually infinite number of
directions parallel to the X-Y plane, orientations of the suspended portions 49
may be chosen based on a desired design of the end product, that can be
dictated by a particular method of making the deflection member 10 or a method

30 of making a fibrous structure, or both, as described below.
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22 of the framework 20 and provide spaces into which a plurality of fibers
can be 5 deflected during a papernaki ng process of the present invention,

to form seo@aki®d fibrous "pillows" 540 of the fibrous stpcugtdsigoHe0
(FIGs. 27-41). In the fluid- perneable deflection nmenber 10, the conduits

extend fromthe web side 21 to the backside 22 through the entire
t hi ckness of the franmework 20. The fibrous pillows 540 can have a density
that is |lower than the density of the rest of the lo fibrous structure 500,

thus facilitati sor. eny and spftness of th cture 500, as
a whol e. The pl-lth%‘ovéi 8’ bRSER :26 H251s Shaftht h?ﬁ% Eengre SreRATER t hat
of the regerpbeh el 'b%@é'%@tfbﬁﬁt 'éb%aﬁ@@ “dB'ﬂ@cﬂitM | ONRIURE® atfBe défriEtibhbut e
to increasing an overall surface area of the fibrous structure 500,

t her eby f monldarts @ammdargd iy theh 8-ditestion dray thae webesida sXistoward doe backside used
her ei n, h ui renent. .t ha he suspend rtion ext.en m t he
pl urali ty F@ggga@sworrlk gp rleg[ag Vkﬂ?e qeécjﬁ{j ‘ﬁﬁ c%'t PE’ %@Xrﬁf hﬁﬁ% %‘Lgﬁ of
the SL§DWI@@tdépblhhﬁ?5a ‘i:ﬁpe‘ﬁ'ﬁ@ﬁm\gl pitRdss Ioftihe FreRent $RErtien, refoendddsul ar
to the X- | ane er al extends in a direction that is not)tgarallel to

the Z-di r@@iledfﬁlbm “nlllmzvs” ofethgfibseumsirastute pAP 4FiGS. 2704 thdn e figicane.

As used h e t e
el evat ed HEePRE S UBEol bR I8, e Ao RHAP IR B 385,22 85,
gap, in thﬁe%aékéna@tz.@mhmgm@ drite tRicRNESEIOf the fiangeswork920. orrr@tnbr@ast a
part thereof, and the X-Y plane. That is, the suspended portions 49 are

'sus pendedﬂ"qytéﬁ:éégecaméﬁV%raedén@%i@d is iQwet Fanthe dgnsibeobihe Frst of the

f d t ded
or ) ol B SR, 00 O ingt SR Apd SPRBRs 8 Mg agen et
portion 4%trﬂue&ﬂren5®0f aemtvhmlgapThérmn@b@tma ben dvvier a bagigtweight that is
suspended portion 49, I's, the suspended portion 49 can, at sane gO|nt
gf llts | igater th@néhat ﬁEth%F%t&féhﬁd'tgPBﬁ@HPC%e e e pillows e4fppls

epl ani n
dopt a0t 19 Ay SRS ich GG 44 SRR S0 SEAVEE 1O (Brofd SuRURETARS, |

J oined to thén@blyefurther ehcourebimethe di3orbecyand seftrecsgatherdoft ween t he
suspended portions 49 and the X-Y plane can 32 WO 02/061191 PCT/ US01/ 50472

czi I L :‘ renre ﬁsswlt Ioﬁts e :ms L86d hefSIAPBE tHe/ focpitarfsht et tHb BRBBEANSH poRINdig@xtend
from the plurality of bases 30 in at least one direction, it is meant that each of the
suspended portions 49, when viewed in the cross-section perpendicular to the X-

Y plane, laterally extends in a direction that is not parallel to the Z-direction and

that can be substantially parallel to the X-Y plane. As used herein, by the

20 requirement that the suspended portions 49 be elevated from the X-Y plane, it is
meant that there i§ a free space, or gap, in the Z-direction between the
suspended portions 49, or at least a part thereof, and the X-Y plane. That is, the
suspended portions 49 are “suspended” because they are elevated from the X-Y
plane or the reinforcing element 50, and a gap, or void, exists between the

25 suspended portion and the X-Y plane. It should be noted, however, that the
suspended portion 49 need not form the gap throughout the entire length of the
suspended portion 49. That is, the suspended portion 49 can, at some point of

its length, touch the reinforcing element 50, due to, for example, deplaning or
deformation of the deflection member 10 or the suspended portion 49, as long as

30 the suspended portion 49 itself is not directly joined to the reinforcing element 50.
Also, these gaps between the suspended portions 49 and the X-Y plane can
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e., they do not need to be the sane for all or sone of the suspended
portions 49. For exanple, a distance between one suspended portion 49 and
t he rei nfoicingiioe! ement 50 nay be different from a di st angg/iatseen

anot her suspended portion 5 49 and the reinforcing elenent 50 (FIG 25).

Al so, the distances between the X- Y plane and the different suspended
portions may gradually change or be irregular (FIGs. 23-24). The suspended
portions 49 may be either integral with or securely joined to the bases

30. As used.herein, .the."integral’ suspended partions, are se 1o .
suspended JUPENGRE mohBHaboRadhBisbaR R B mebSlee Pt P Rrsool ¢ ne
bases 30, d.ntHeyaisaor 8gePio baehe BRI FBRAN opohitcotheBpelicdlHittst4®
defl ection nmenber 10 of the present invention, as will be described bel ow

in det ai IFrx@mple?A-disiance edwepnianedsuspensleddeatipn 4 and the einfeseiagt hat

the bases 855t SEATATHE el IREr R o he el AT R A o
descri bed 4zehawihé reinfdrgingasiement 80 (FIG e2bR dABNthedliistditedaidiweth aRe e ber
10 conprising a multi- layer structure, and nore specificall Kgan exenpl ary

two- | ayer Yidilpeetarsh thenditereniosusprndedopeciions sraymkadidplynehange qrrbes.

1-19). In; | spnt,  one of the joined |ayers conprising the
defl ecti oﬁﬁég%g&%g??ér "the plurality 20 of bases 30, while the other

| ayer forns the.suspende Qrtions, 49. For .convenienc t he | ayer. .
conprising ¢ he. PIRsaRreyes Poaol “shiey 5F sifRelTgual 8in orcres FRiEjoinge

ref erence tpURBr Base030WIRE VLRMBENCIN] theCRBEraYeslissuhde’y PEANELArarthoget he
X-Y plane, the deflection menber 10 of the present invention can conprise

two types ssspended amriasp it dntphave baendormedpipgethasnwithdiormatéomof dhet o

t he bases: "bridgi ng" e rtiQns N ileyer" s

portions. bﬂ‘?’%SIng% "‘? &P?gé&ﬁgg g]:af? il %ﬁiﬁ‘%‘ﬁﬁgaﬁ %?ﬁblﬁnﬁyofﬁgsuéﬁﬁﬂg&iitne
convent i orgdflextion neniRMARS of ahBepredeaC lrivehtiye, as Willabe tdeechbéd FHohw in
suspendedﬁgiortlon i s the suspended portion 49 which spans, or "bridges," a

di stance iatakdénlGa. 22aA5A)woThasigined haysngnded partiens diiketosRghehbaye
| east tmg%@g%adg@eﬂré%w ﬂgﬁﬂﬁoﬁgg&%ﬁ%ﬁd fhen saé'c%relsof?joiwgd%/ tﬂg Joja%%s

PCT/ US01/
15 30. An example of the joined suspended portions 49 is also described below, in

the context of an embodiment of the deflection member 10 comprising a multi-
layer structure, and more specifically an exemplary two-layer deflection member
10, and a process of making the same (FIGs. 1-19). In such an embodiment,
one of the joined layers comprising the deflection member 10 forms the plurality
20 of bases 30, while the other layer forms the suspended portions 49. For
convenience, the layer comprising the plurality of bases 30 is also designated

herein by the reference numeral 30.

When viewed in a cross-section perpendicular to the X-Y plane, the

deflection member 10 of the present invention can comprise two types of the

25 suspended portions 49 -- based on their relation to the bases: “bridging”
suspended portions and “cantilever” suspended portions. The both “bridging”
and “cantilever” terms are used herein conventionally and intended to be
descriptive in that the bridging suspended portion is the suspended portion 49
which spans, or “bridges,” a distance between at least iwo bases, thereby

30 interconnecting the at least two bases. The bridging suspended portions are
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shown, for exanple, in FIGs. 9, 10A, 15, 24, 25, and 25A. Most typically,
but not necessarily, these two interconnected bases are adjacent bases.
Enbodi mentw® o2ak€9¢ont enpl at ed, however, wherein the intergngmiaeisbases
are not nutually adjacent, but are separated by another base or other
bases. (See, for exanple, 5 FIG 15, the first fromthe right "sindsoidal"
second- | ayer elenent.) Another enbodi nent wherein the bridging suspended
portion interconnects two non- adjacent bases is the framework 20 in which

the b dif § i al _hei ght { | east t the b
i g TSI SENTLIG STRITPIR, ThEGH Aol Pach: 2002 HBREER N PRI not
shown) . Sufébersghﬁqyl #Rlsh SlPitelRBRRECtEADARs e RREAbRNAL SNt ERBREIAG A

rel atively high bases that are interconnected by the bridging suspended
portions. @aecwiemplaiods hewsyen d\drcergmr theointersonnected dmsesearepaott uiially

2l acent - sigoorkoU R Send R P aBowiel BesidoniP BebetofSe, TorkBRMbIS

canti | eyerFlsuspgngred fiRar fro@nthe 1@har“§me£b@|wal” $sgorrkiapBl @lermdnt) GAnolkerand
23. It should be appreciated that in sonme instances, the same suspended

portion 4®Hagdigiaskawhakein Fhedbrisgng asuspesaded partione iniewoanselst twh, naihd

seeti onal el aRAE s 1 R ERTT WRTL I here oS RSertd g
20 _second siethat @@ iagtuvife lohyes bées ammd fel&ttvetly smaﬂ@edetgeﬁ@@ hék reach
suff|C|ent detail) d@%p pear to form"cantil ever” portions, while other

suspended p8r Susnendes Hgpéans (Bot HaowRupFINe delatively| shoyt haRess &8 bPre,
h |
| n the,erosimall fhat ga«a& Q‘Eleall:{slgg @{F\l baéé%gﬁaﬁ ggm?a%oﬂﬁ d&tgﬁp nfar

seni - cont iMuous 6 ehent ayer e suspende ¥t1'6n 49
appear s asriigimg suspergledpoortions,, because it spans, or 25 bridges, at |east

two adj acent bases (forned by a first |layer 30, as will be discussed
bel ow). Each ofTH&Q:awmnca%p@ﬂadepéméﬂ tsash@ epende@np@tonuLd agrich9a
and a back surface 49b (FIGs. 10 and 10A used herein, the term

"web- or i erleietiallysextende frafe ongrelt e hases bﬂbd@e@mot reaciugp@sirapnbbesPon 49
whi ch for @,Wﬁenﬁ@g%@{iﬁﬁarﬁ@lgi crto'%g-gercﬂgﬁWhlé c,za(?ﬁile\%?%utsggné{\@é) pbﬁions

di sposed
15 are shown, for example, in FIGs. 12 and 23.

It should be appreciated that in some instances, the same suspended
portion 49 may appear as “bridging” as viewed in one cross-section, and
‘cantilever’ as viewed in another cross-section. For example, in a cross-
sectional view of FIG. 10, some of the suspended portions 49 (formed by.a

20 second semi-continuous layer 40, as will be discussed below in sufficient detail)
appear to form “cantilever’ portions, while other suspended portions 49 appear to
be unsupported at all. At the same time, in the cross-sectional view of FIG. 10A,
taken along one of the linear semi-continuous elements of the second layer 40,
the suspended portion 49 appears as a “bridging” portion, because it spans, or

25 bridges, at least two adjacent bases (formed by a first layer 30, as will be

discussed below).

Each of the suspended portions 49 has a web-oriented sutface 49a and a
back surface 49b (FIGs. 10 and 10A). As used herein, the term “web-oriented
surface” designates that surface of the suspended portion 49 which forms the

30 web-side 21 of the framework 20. When the web is disposed on the deflection

34



WO 02/ 061191 PCT/ US01/50472 nmenber 10, the web-oriented surface 49a is
adj acent to the web. In the enbodinent in which the deflection nenber 10

conpri seswigw/oeionf orci ng el enent 50, the web-oriented sudme®14®a2f aces
away fromthe reinforcing elenment 50. Typically, but not necessarily, the
web-oriented surface 49a is 5 parallel to the X-Y plane. The back surface
49b designates a surface of the. suspended portion 49, which is opposite to
the web-oriented surface 49a. In the enbodinment in which the deflection

nber 10 ' h i nf.or.ci | .50, . b 49h f
The rei nf SHOTRGE oty WS Burtfied Y J° 4diis R taf dhts i dRey &0°°
2, 4, 6, SmPISHIMER inlvhidi thd6 defi8ctichd-rR8mbép A1 0 4omprisedt dhehesinforeing

cross-section, various enbodinents of the suspended portion 49. Wth
r ef er ence elempnicS0, 2thez svehrodented eputiirce Mgvefages ayvay fiamdle reigirengo a

par ent heti ¢cal ffd X)) e er el rh ) | y spended
portion r(-?g)%maﬁgéb' ofTXp?%aL@pg)A?f'ﬁ@ @ﬁ%%s&%ﬁgﬁtﬂ“gwgpo‘gﬁﬁ@?@ﬁ?gr é?%rlgnce
15 nungy alparafad wedX-¥ihand Wi T Wack eafatet 9918 designitbetd satasalfof itk
generically designate the web-oriented surface and the back surface

respect i velugpeaded pertiosudPewhish is Gpppsite 1o the wekrerianied stirfase ddas Uprthees:
specific b: S. f l.cakns % "U L) i f @b
"(3)," et %%ﬁ%ﬁgt 0 @ﬁ&gx@ﬁpbgﬁgaﬂrﬁg{ag%ﬁtjl%fbk}rﬁghgiséptg%d&n%&o%bpon 49
and its celemepdrsl, n¢heradnokr isarfhed 29b siactacthel Yairdodtinzaciement &Hksaddb, as
will be explained in sufficient detail below. The back surface 49b may be
subst ant | SPegifisalaliisyPRey 8i¢R5% Y pl ane and/or parallel to the
web-oriented surface 49a, as best shown in FIGs. 2 10, 12, 14,

. 4, 6, 8, _
16, 1810 and 25.FIGBGR, 428, 8nd0240Ahd%s &bl MBrRF26n26Ai 68, ané 49%=haw, in

f 49b of f .th t] I th
55" wobe or (Eneene G . Laub0S SHRRERPE D BY Ly bpeRhean BogRl Yo, Whn' 17
23, for q¥fitehés tbhFIGYSPERdiiwricie?dndd (Mimer (‘AL @ithotd (repatdistot he
back surface 49b(2), 49b(3), and 49b(4), respectively, which are "angl ed"

relative tarenibeical spffbgids nee@diasein ihegangricalyirderignatohanseisendaded to
55y "o ) Yeggles 7R Spebl A Bodie L, Afloh g ShETRgERR  on
surfaces 4Rdrals a4aga™89hd 3%9b” (without regard to a parenthetical suffix) generically
designate the web-oriented surface and the back surface, respectively, of the
suspended portion 49, regardless of these surfaces’ specific embodiments.
Each of the parenthetical suffixes “(1),” “(2),” “(3),” etc. designates an exemplary
embodiment of the suspended portion 49 and its corresponding web-oriented

20 surface 49a and back surfaces 49b, as will be explained in sufficient detail below.

The back surface 49b may be substantially parallel to the X-Y plane

and/or parallel to the web-oriented surface 49a, as best shown in FIGs. 2, 4, 6, 8,

10, 12, 14, 16, 18, and 25. FIGs. 23 and 24 show embodiments in which the
back surfaces 49b of some of the suspended portions 49 are not parallel to the

25 web-oriented surfaces 49a and are not parallel to the X-Y plane. In FIG. 23, for
example, the suspended portion 49(2), 49(3), and 49(4) has the back surface
49b(2), 49b(3), and 49b(4), respectively, which are “angled” relative to the X-Y
plane. Moreover, the back surface 49b does not need to be linear or flat. For
example, in FIGs. 28 and 24, the suspended portions 49(1) and 49(5),

30 respectively, have essentially linear or flat back surfaces 49b(1), and 49b(5),
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35 WD 02/ 061191 PCT/ USO1/ 50472 respectively, while the suspended portions
49(3) and 49(4) (FIG 23), and 49(6) and 49(7) (FIG 24) have curved
(concave wip @agy®x) back surfaces 49b(3) and 49b(4) (Fl GpcERso180d249b(6)
and 49b(7) (FIG 24), respectively. It should be understood that the

f oregoi ng enbodi nents of the suspended 5 portion 49 and its back surface
49b are nere exanples used for the purposes of illustrating the present

i nvention, but not for .the purposes of limting the invention. There

ld be vi LI . d of i bl i DAt |
Cari ati ondeshiga A M hsterbiedl ShriBhe LR, and MClRIR p3cansh 49(9)s
web- ori endipfla8d F?szé}ihéﬁé%ﬁni’e%ﬁ(c@h@aé@%f c'oﬁ?ék)dbé‘@( §uﬁ£¢ésa49b(95”a‘ﬂ@d

and irregular lo shapes ch are contenplat.ed by the present
i nvent i on.49%Héy (RIG. 28y Ant 49*@(66@$ld94%1ﬂ7hﬁleﬂébe§SD%¢tW@M he novel process
of making the deflection nenber 10 of the present invention, as described

bel ow. | n severiabheuierip angteresidmﬁthmmgfmegmmgiemlﬁd)mmerds bBthet $iesfanaledwor k
20 of the deflection rises a multi-|ayer osite str cture
for mad 519&jondd w18 Packiuitacs Rl a5 et Satklsnivas & e Lo 45 ¢ he
first | ay‘%ﬁus”tpati goﬁégeﬁtqh{/é‘l%rf %'u@hbpfb?lih%hﬂ%s%‘é‘ Silimifdg tEink/8AkbA.ement
that the framework conpri se | east ers it Is neant that the

f ramewor k Dierac coutd nige t mrtuaﬁy pnesmmmmedvmmrmlnm miy poeatbte seombinationzn t wo
| ayers -- for exa

i/ 1 oa 1 veriRUohet oA corrtationsuet 46, HispapuRichspne b N B wlly °°

second | aygiehisd anﬂ%aér@@rf’adéémeyéﬁaqebambl@d.h@fctremar Sélfrf/é&ea@ﬁfei:juﬂé? to
the top surtface. As shown, for exanple, in FIGs 10, the first

| ayer 30 rstwpest apf cs‘uulmabarelccuﬁelm@laiedtbgvrﬁremneaeet weab@@sutheytaJl eadld t op

surface 3 al. econd | ay 0 _ha

bott om suﬁ?eaége 292%6#&5‘? lsbaS%Et%%ng olb ﬁeyécerog%sg é\fohazy?éyqﬁgdé%ﬂ%i@mr Kk
20, 25 t hembatber4of sfafe PreSdnitiferitions bsdegefibé@berii.act s the bottom surface
42 of the second |ayer 40. A top surface 41 of the second | ayer 40

Tt APtk SR IS o Tide! Ja R parspidgen 22

ski |l | ed i roftthe deflectiohlmemppr edlGnrepmSmatrmdn{lwermdmfmcpSlteastmcmm ftoomiedar e

descri ﬁ)t | Vbey gméés fLrs?laeyXetr ano?% second layer 40 joined to the first layer 30 in a
face-to-face relationship therewith. By the requirement that the framework 20
comprise “at least” two layers it is meant that the framework 20 according to the
present invention may comprise more than two layers -- for example, three, four,
five, etc. layers (not shown), as one skilled in the art should readily understand.

20 Each of the first and second layers 30, 40, has a top surface and a bottom
surface opposite to the top surface. As shown, for example, in FIGs. 4, 6, 8, 10,
the first layer 30 has a top surface 31 and a bottom surface 32 opposite to the
top surface 31. Analogously, the second layer 40 has a top surface 41 and a
bottom surface 42 opposite to the top surface 41. In the formed framework 20,

25 the top surface 31 of the first layer 30 contacts the bottom surface 42 of the
second layer 40. A top surface 41 of the second layer 40 comprises the web-
side 21 of the framework 20, and the bottom surface 32 of the first layer 30
comprises the backside 22 of the framework 20. One skilled in the art will
appreciate that the terms “top” and “bottom” are descriptive only to the exient the

30 deflection member 10 is shown herein in several cross-sectional views. Of
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30 deflection nenber 10 is shown herein in several cross-sectional views.
O 36 WD 02/061191 PCT/ US01/50472 course, during a manufacturing process,
t he defl eplg @we@ipber 10 can be positioned such that the pdaogdoesis7surface
i s above the "top" surface. Each of the first and second |layers 30, 40 can
have a conduit portion conprising at |east one deflection conduit. Thus,
the first layer 30 has a first 5 conduit portion conprising at |east one
first deflection conduit 35, and the second | ayer 40 has a second conduit

portion conprising.at |east one second deflecti,on .conduit, 45., As_us

her el ¢ REUES oty & Saann e Binerse, Rest g bRarihad g Batohe o,
enpty spagpsitiohektichi that tHeapettor? suracs fis ABbRe e QP surkRce extends in
the Z-direction fromthe top surface 31 toward the bottom surface 32 of the

first 10 | ayer ' n NEHOURE cgi ; ahity
of fibers in thée&higﬁ;[@ée f@%{ ?ﬁae%roggslgy%% %gkggg%ﬁgapgbgoc\ggdg{t%ﬁlﬁée 500
of the presergrisingratitasinondAnieflegiors cpnduihe Trarsnthe dirsinthyeef30ebas @nfirst

duit" 45 [ t hol e, , Int d | 40,
Whi ch Hfol SOBPUB PTYOrs paeriS DRl eRstana et SefHarinqasult Finanane SEOBUR f ace
41 toward @ﬁ APhheR @é&érﬁ;c@oﬁ&itléombntda%w@at e bné G RBAd! defeklivgt ur ed

red to recel y f t he

and config ve a plurality of bers 1n the course of

process ofcomduitrip.t As Gsdnt beseins thestarme “fis0deflection condiiér@5 dasignatesna | n
nbodi t th dui t. i tends .f the t f t th

Dot t om sl B SRECRn 18 irstleiaill Bhich Rgld a5arP fiestehsi ng”

the 20 | ayede FQiikRtibhYtdin 8s P& aceT8 tcﬁvl/é]@lrtﬁe(!jﬂ‘-iﬂ@)% 8drfade Bﬁ%fgﬁ’é fiegtion

menber during the manufacturing process can be deflected into the
def | ectd ofaysrndiang is3structBrachaesd adndigured teneceivd aapiurality qirfdsssiie the

differential . for. gxanple, by.a _vacu r ot herw,s X I a
mechani paICOHF%GSSCﬁrﬁ!e ﬁ@cﬁsoeﬂf s"\af‘%glgg L{ﬁ%\/@or%én&&éwgéctg@g)r iﬁt@@ﬁ%éeﬂ
def | ecti onngsHidnl t ArfafsdBushRrifEStermi tdeeBhid "deflechSn "tmRe” "4508edihRaldsbs ous
structure, as will be explained in sufficient detail below The first

| ayer 30 dwde.t beapeedply spgee, othe sepenchdayer otfbt Waichi holg eraeepiyy-sppaee
arrangene h. that-s : i r in
The zoai r s ez ERER osR i Ron ilaGE S5 B R o BRHPRLAFRER %2, O
portiofns of the second layer 40 and is structured and configured to receive a plurality of
fibers in the course of the process of making the fibrous structure 500 of the

present invention.

In some embodiments, the conduit portion exiends from the top surface to

the bottom surface through the entire thickness of the layer, thereby causing the

20 layer to be fluid-permeable. The fibers disposed on the deflection member
during the manufacturing process can be deflected into the deflection conduits

35, 45 under the influence of a fluid pressure differential, for example, by a
vacuum, or otherwise, for example, by a mechanical pressure. The fibers that
have been deflected into the deflection conduits form fibrous “pillows,” or

25 “domes,” of the fibrous structure, as will be explained in sufficient detail below.

The first layer 30 and the second layer 40 are joined together in a face-to-
face arrangement such that some portions of the second layer 40 correspond in
the Z-direction to the deflection conduits 35 of the first layer 30. These portions
of the second layer 40, by virtue ‘of being situated in the Z-direction over the

30 deflection conduits 35 of the first layer 30, are elevated in the Z-direction from the
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of the second |ayer 40, by virtue 'of being situated in the Z-direction
over the 30 deflection conduits 35 of the first layer 30, are elevated in
t he Z-di nggbhr/0fiidromthe 37 WO 02/ 061191 PCT/ USO1/ 50472 pea/isel/sne, WwWhi ch
is co-planar with the bottom surface 32 of the first layer 30, and thus
can formthe suspended portions 49 di scussed above. As used herein, the
term"correspond” and pernutations thereof nmean the nutual physical

rel ati onship between two or anpng several elements, wherein their

respectiv eonetr.ical ecti.ons to.the X-.Y pl.an orm n a ea

t her eon. F\Yls m%f cﬁpgelnatrp{\g ti‘?rﬁ%{o ' ﬁarfgpgﬁgneftge f|r Q}ﬁ%r Iy
fluid- pefiReddreforrihd SubpérRRHTRANOSS Elgld"iéélrs‘ébﬂ%tﬁiv@”eﬂé usld rﬁé}r‘elﬁoﬂﬁ ise a
woven screen, or an apertured elenment, a felt, or any conbination thereof.

Various igpes correspend] uaad peermuistionseithersoti mean ethent metualr @hyeisat i bed

5. 954, 007 e Bekedy DR afRre” S elsPe ey el o e e nce.
The repnf 9é@m@mca¢bmj§@ﬁonﬁ0torm¢ XC¥Hahs foren helommah et eheebad to as a
"press fe as is used in conventional papermeking. The framework 20 may

be applied topt Q@m‘é%ﬁfb?fd?rh@ﬂts Qhé”@ﬂfoﬁﬁhg aferndHo B0 by sGBé‘i‘éﬂﬂh@ ifl-gned
U S. Patents 5,549,790, issued Aug. 27,7 1996 to Phan; 5,556,509, issued

Sept. 17, pagosahle. Trhuk flaid- mrmﬂable r@nﬁﬂangz{temesltEednan@onmnseg@wm/en

Abul ski et cah or S Q8RR rec, PRHE ety B an SR Sl B8 E 2 Rs oo

Anpul ski ghesl of tife §idHh- ééﬁnealﬁéul@ihf%niéler%ﬁ’i 5b0aréV‘éi'é§E:hl§é’dj iftlseVeral
5,693, 187 "i ssued Dec. 2, 1997 to Anpul et al 709, 775 20 i ssued Jan.

20, 1908 eemmasihassignes US fai%tsu@r EX3TOLE, @@75;@0 20d85,064,08%uheki et

b oo MR R, o Vet S P FEIRH e dronES o TS bR o0

al ., the dicpfdrBY Rfayotomblisd adfelt, aROFIOTEd &6 dees epreskyiclteherien@ed in
Alternatively, the reéinforcing_el ement 50 may be fluid-inperneable. The 25

f I ui d-i npeemeidiosat papeonaling dhentameworkah neayrpeiapplied de thaseipicscing

ised tor TR ¥ iRy sHFIOTR 2Bl PRI 2 4550 ! R Bl Csen

I nventisonAug. 27, 1996 to Phan; 5,556,509, issued Sept. 17, 1996 to Trokhan et al.;
5,580,423, issued Dec. 3, 1996 to Ampulski et al.; 5,609,725, issued Mar. 11,
1997 to Phan; 5,629,052 issued May 13, 1997 to Trokhan et al.; 5,637,194,
issued June 10, 1997 to Ampulski et al.; 5,674,663, issued Oct. 7, 1997 to
McFarland et al.; 5,693,187 issued Dec. 2, 1997 to Ampulski et al.; 5,709,775

20 issued Jan. 20, 1998 to Trokhan et al., 5,795,440 issued Aug. 18, 1998 to

Ampulski et al., 5,814,190 issued Sept. 29, 1998 to Phan; 5,817,377 issued
October 6, 1998 to Trokhan et al.; and 5,846,379 issued Dec. 8, 1998 to
Ampulski et al., the disclosures of which are incorporated herein by reference.

Alternatively, the reinforcing element 50 may be fluid-impermeable. The

25 fluid-impermeable reinforcing element 50 can comprise, for example, a
polymeric resinous material, identical to, or different from, the material used for
making a framework 20 of the deflection member 10 of the present invention; a
plastic material, a metal; any other suitable natural or synthetic material; or any
combination thereof. One skilled in the art will appreciate that the fluid-
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plastic material; a netal; any other suitable natural or synthetic
material; or any conbination thereof. One skilled in the art wll

appr eci atygo bfredrdihe fluid- 38 WO 02/ 061191 PCT/ US01/ 5047 2pct/ipensvgabl e
reinforcing elenment 50 will cause the deflection nenber 10, as a whole, to
be also fluid-inpernmeable. It is to be understood that the reinforcing

el emrent 50 may be partially fluid- perneable and partially
fluid-inpernmeable. That is, sone portion of the 5 reinforcing elenent 50

may be fluid-perneabl e, while anot rfion,of rei nf of,cing. el eqent 50
may bo 1 MR abe e, SRRt wi ALSn rbREgl Mo G Fomber
10, wher ejyRoldN¢o beidi$@FiGidtiendraigamle.50 i s positioned adjacent to the
backsi de 22 of the framework, the fluid-inperneable portion of the

reinforcing el ement 50 can nmake the correspondi ng defl ection condujts 35 of
the 1o first It bgamnderstaad-that the reinfawieg alemenritdQmayobrioattiallgdlugd-  he

first | it i_dl | 0l i f
el o or o) gRr BleENEGBRRPNS bk RfhdindaBig CETREEDS) g6 paeh ehfe: 1 oo
| ayer 30 fdinfotcingfalemdriies® anapitste flaid-permédisie beotHilenasottier 3dribdn tdiethii r st

| ayer 30). If desired, the reinforcing el enent 50 conprising a Jacquard
weave canreinioreag @lemenpkg0 may @@tfll‘ﬁ@ﬂm@e%%@ehd%?ﬁ@@rﬂ@ed Hbﬁlﬁ'&‘t”ﬁﬁ ve can

be found | . 20, P ; i t ;
3 679, 2agtP18%1n Riner P winggRRnBRrraRAAS giebit g @ ddtitonedt adlacent.
\C/I‘_éndlt, et tcﬁlth? mm sﬁjé’m 4ﬂ7thiesﬁaambvgdrﬁZ&h@Oﬂdid—irmadheable abrtiort loé the

I scl osures of which are_incorporate erein reference for the |imted
pur pose ofe'@fﬁmﬁfl%{nﬁm A8 iC_aaﬂﬁe@%m %W?WQ?WQ H@ﬁ%&%%nﬂé&“a 3£%fvtget hat
can bg,usgd, 'lé‘)éérhgor“ﬂliﬂf:!f”ic'é?QtI%s%”EBFIe%QJn Ebndigitd ek ﬁi"?ﬁje% _fiPm;a}/éﬁ%‘fétG' ess
process described In the above-nentioned patents may benefit om usi ng
t he def | ecoiresporehbe thd Gluaf-inper nprakde poriiory eh the neinforcingceletent S0numEy t he

P L RECE R RSB B i el L % R 25,1

descri bedyjd, GRSARMY 32357 198 BFst Yy dradognt 5, 972, 813, issued to Polat et al.
on Cct. 26, 1999, the disclosure of which is incorporated herein by

reference. In the enbodi nent of the deflection nenber shown in FIG 53, the
If desired, the reinforcing element 50 comprising a Jacquard weave can

15 be utilized. lllustrative belts having the Jacquard weave can be found in U.S.
Pat. Nos. 5,429,686 issued 7/4/95 to Chiu, et al.; 5,672,248 issued 9/30/97 to
Wendt, et al.; 5,746,887 issued 5/5/98 to Wendt, et al.; and 6,017,417 issued
1/25/00 to Wendt, et al., the disclosures of which are incorporated herein by
reference for the limited purpose of showing a principal construction of the

20 Jacquard weave that can be used in the reinforcing element 50. It is believed
that Yankeeless process described in thé above-mentioned patents may benefit

from using the deflection member 10 of the present invention.

In accordance with the present invention, one, several, or all of the

deflection conduits 35 of the first layer 30 may be “blind,” or “closed,” as shown in

25 FIG. 53 and described in commonly assigned US Patent 5,972,813, issued to
Polat et al. on Oct. 26, 1999, the disclosure of which is incorporated herein by
reference. In the embodiment of the deflection member shown in FIG. 53, the
deflection conduits 35 of the first layer 30 are “closed” by a material 33, such that

the conduits 35 are impermeable to fluids, including air and water. As the patent
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defl ection conduits 35 of the first layer 30 are "closed" by a material 33,
such that the conduits 35 are inperneable to fluids, including air and

wat er. Aswig@/gafognt 39 WO 02/ 061191 PCT/ US01/ 50472 cit gi1/vemedigbel y
above descri bes, pol yurethane foans, rubber, and silicone can be used to
render the deflection conduits 35 fluid-inperneable. Each of the first

| ayer 30 and the second | ayer 40 nay conprise a continuous franmework, a
sem -conti nuous framework, a plurality of discrete 5 protuberances, or any

nbi nation th . AS d.h in, t t " t anti al |
Fr amevor ke otpRransetigtel S ogcdich pphTespl s38E AP g SPEOAE K82
connect arphs Gyl RPISHIRr ik BEflddtidn dbridumtt Jsapad-ilperneablel nterrupted |ine
running entirely on or within that |ayer throughout the line's |ength.

That is, the cednipupef fi EK 30 ahast SuBSh@Nhyé! 40CAMy BHhiprisei 8 al |
lo directions parallel to the X-Y plane and is terninated only at edges of
the def| eontionons rfbemen@rk, The seoircontinusus faneewelk, 28 plaralisstofsdisareien

FIG 1in Lch each of the first layer, 30 and the second l.ayer 4
conpr i < PROLDRIATRGS O  PRlre RBMPINaYPAs tharegha sAn USRECREEHNy 1 PIMPst
layer 30 egnpsihAfSIAc6MNICULHAMIWARREYSEKS t@nRd Idyeror theaftdmbidrk 28)iigh
only the second layer 40 conprises a 15 continuous framework. The term
"subst ant iveitly"lagen anenjcanccommecti amy dwot painétion orewiiking thed fager dyasan

absol ut e cont.i nui f the framework 20 is.preferred n | nt.ende ile
e oni g EiireRtipler, fhn Vo BRIRNY sBoal it il et DuchORCRE e | b
absol ute geRgthnUThat isRdhdSontuRLBtemewotond has 4 BabstantgVicahtinme,” 4o anot
appreci ably affect the performance of the deflection nmenber 20 10 as

desi gntdl afigctionerpasallell to ghea¥ef planprans igy ternsinpiachenialat yedaas ohibes

et oot ornetatcn paetabebaps i kBRI SRAREHE 80,18 LBeh SOV HE hor i
The term "R leaighi 6f the freNayeoBbiahdome ddcameviaydr 40 ebaipsists aacoritirriousf t he
framewor k 20, which has "continuity” in all, but at |east one, directions

paral | el tfeamewotkieFidsy Hrad s, inawhich @nWwﬁh@H?fﬁbev‘f SR EOPHIINGE LOMHEROUANY

entirel y JRlpRGR RIS .oy 55 Ryl MR SRR el Ao ootfpies s

the sem - Mtih0oQs Sran@BHOT Kheagrm “substantially” (in conjunction with continuous)
means that while an absolute continuity of the framework 20 is preferred (and
intended while designing and making the deflection member 10), minor
deviations from the absolute continuity may be tolerable as long as those
deviations do not appreciably affect the performance of the deflection member

20 10 as designed and intended. In a layer comprising a substantially continuous

framework, the conduit portion typically comprises a plurality of discrete
deflection conduits dispersed throughout and encompassed by the framework.

The term “substantially semi-continuous framework” refers to a layer of the

framework 20, which has “continuity” in all, but at least one, directions parallel to

25 the X-Y plane, and in which layer one cannot connect any two points on or within
that layer by an uninterrupted line running entirely on or within that layer
throughout the line’s length. Of course, the semi-continuous framework may
have continuity only in one direction parallel to the X-Y plane. The semi-
continuous framework 20 is best shown in FIG: 9 in which each of the first layer

30 30 and the second layer 40 comprises a semi-continuous framework; FIGs. 7
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have continuity only in one direction parallel to the X-Y plane. The sem -
conti nuous framework 20 is best shown in FIG 9 in which each of the first

| ayer 30 ¥@ @ndiiole second | ayer 40 conprises a sem - cont ipauoushikoarewor K;
FIG. 7 40 WD 02/061191 PCT/US01/50472 and 11 in which only the first

| ayer 30 conprises a sem -continuous franework; and FIGs. 3 and 15 in
whi ch only the second | ayer 40 conprises a sem - continuous franmework. By
anal ogy with the continuous pattern described above, while an absolute
continuity in

dovi ot onl TS el Bt 3R AL 65PbERS s erlkCinifBls iidhonc

devi ati ongyr@o FI@S! 3aahae¢5 apl whithf @gly the Jfeebhar mepmoobotﬁmns@gf hesdrmpn
menber 10. In the |ayer g{spl sing a sem -continuous framework, the

condui t p@ontmuomg/ffamwgrkc am@I@gy védibnthecanmtinbous paéiemn d@w&edcm ts,

| cast one W Eod FRGCAR AN hS: "B SRy M or e reBloda s Bieforrad hirs

sem - cont igaNftndafdraGuch™ §@rﬁﬁwlt§/ &y bbayleratne teisnong ¥s ithosmbigviatiens do
direction parallel to the X-Y plane. The term"plurality of discrete

pr ot uber af©é @pPpregiably etff@Céth%lp@ffomamcweof hegaflastirn Taembrpr Psi 'ﬂéh@h'%\@rr ete,

and separ g o) I n
21 di r oot DR R R ous AR MEEInARFhoRlch SHRORTLLRRRES o
plurality séfrmm@itmbeuard&lecu@n laeatjuséque i theFddHection oamdm‘tsdhateemm hafet he
first layer 30 and the second | ayer, 40 co ' '

rises a plyralit f
pr ot uber af@adNUYY oy all byt s deass qne dispelions @rafﬂ'etqﬁhﬁsf \?Ql?é% &f&SHﬁq’ses a
pI uraI y rat
Payer b o R RURRRBEHE tienBpor biduf rhve boniHlGln Ty chBqIARRREY
i s formed gayakel26 thee Xe¥lpldne.of di screte protuberances, the conduit portion
of such a layer can be viewed as one continuous deflection conduit

enconpassi ng t hthdlitsh Spfuraityobt kiiorsiee protiberapedshesterd toea tlager onhehef the
terns "conduit portion” and "at |east one deflection conduit” generically

descri bes feEamewprds28f ¢amBpaRing e iswate, ccﬂﬂﬂhl separafectr HOM dONPecNIRer,
Conoats o RS 555 SO RRONS I iR p ISR HRRAE piape
surfaces aﬁ\@ﬁaﬁﬁwberdd,‘tfmpﬂémg@Iliramm/cp*rbtub‘elméwlmbest shown in FIG. 17
in which each of the first layer 30 and the second layer 40 comprises a plurality

of protuberances; FIGs. 13 and 15 in which only the first layer 30 comprises a

plurality of protuberances; and FIGs. 5 and 11 in which only the second layer 40

comprises a plurality of protuberances. If the individual layer is formed by a

20 plurality of discrete protuberances, the conduit portion of such a layer can be
viewed as one continuous deflection conduit encompassing the discrete
protuberances. As used herein, either one of the terms “conduit portion” and “at

least one deflection conduit” generically describes all kinds of the deflection

conduits: discrete deflection conduits, continuous deflection conduits, and semi-

25 continuous deflection conduits, unless otherwise indicated.

In the context of a surface, as opposed to the entire framework, the term
“substantially continuous” surface refers to a surface of the framework 20
(whether it is a surface of the web-side 21 or of the backside 22) wherein one
can connect any two points lying upon that surface by an uninterrupted line

30 running entirely upon that surface throughout the line’s length; and the term
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"substantially continuous" surface refers to a surface of the framewrk 20
(whether it is a surface of the web-side 21 or of the backside 22) wherein

one can g@wagiioany two points |ying upon that surface by@nmsoisnger r upt ed
line 30 running entirely upon that surface throughout the line's |ength;
and the term 41 WD 02/061191 PCT/ USO1/ 50472 *"substantially

sem -conti nuous"” surface refers to a surface of the framework 20, which
has "substantia’l continuity" i n aI |, but at |east one, directions parallel

to the |.ane,,, and on ur f.ace annot .connegt anvy t | nt

| yi ng uporcuHARTAIN FermEoa uiplsn SHiTBRS wBfRtn 8 Phaoraim Phoe RN ihn ©
that surfa@fch habPsapaBatAl éd?ﬁlnhItVelnSall %ﬂﬂbhlea's't ohg, HRedforigNs@BRéIaBCNE At
the present invention contenplates | ecti on menber wherein at | east

one of theX- Naglene, 30¢l arowbintpsirézee an9 caambmmeqirarm twaoh potsdhiving onen

Drural 1ty O Alaes, evplt RUPRRAEY (B MRRRE UrfR0, EPER Wiy Syfipoay

conpri s thd@!ghbﬂﬁiheolmdmﬁngﬁﬂﬂom) of the sem -continuous pattern and the
plurality of screte protuberances, or a conbination (not shown) of the

conti nuous pat tl?ﬁﬁl i ?%é *lgrdérb‘lfo%' ttea%toih@'ﬁr‘éééﬁie iRVERtdPe 'Rt RpRisP angd.

for exanple, screte deflection conduits of the contlnuous
pattern. dedlectiom ynefnttelnewlhem\mﬂkaﬁl()oaedoft tree dayfdre 30,040 ceordpiises @agd not

b I 15 h d h
oresent | FCRINGIRN dlcheo Popiuidls, eRRéet FRoslEPoiAfaR Pelfbeand 6 ( ne
defl ecti onpofRpR ot ah Palﬁg{ DPefddree pRUMbERABOPForag R, tHS finsted

herein, the term"specitic resulting en area"” (R) neans a ratio of a
cunmul atd vdayﬁr@(bmmmppm@aé@n(mtmf tishaen) et theaembaaniinuoustpaitejnven

i s o ¢ 2 e BURREoF AT Bloibrahald, ot aMERid LA Gholifbrhb

i ndi vi dualcop@indeis eﬁtérﬁraﬁ@i 1Pe ﬁurélﬁyll éfeatscpétgj g(rdtase@m@@sad@po@éd sfgh a
conduit as measured in a plane paralle ﬁlane The SpeCIfIC

open ar ea @ample, ayiptirsthed digcrelef dgdeciion d?tOf‘élS“t& ohdhe eaeriiniouso patiRehypl e,
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15 repeating within any given layer.

According to the present invention, each of the layers of the multi-layer

structure of the deflection member 10 can have a specific resulting open area R.

As used herein, the term “specific resulting open area” (R) means a ratio of a
cumulative projected open area (ZR) of all deflection conduits of a given unit of

20 the layer's surface area (A) to that given surface area (A) of this unit, i. e.,
R=ZR/A, wherein the projected open area of each individual conduit is formed by

a smallest projected open area of such a conduit as measured in a plane parallel

to the X-Y plane. The specific open area can be expressed as a fraction or as a
percentage. For example, if a hypothetical layer has two thousand individual

25 deflection conduits dispersed throughout a unit surface area (A) of thirty
thousand square millimeters, and each deflection conduit has the projected open
area of five square millimeters, the cumulative projected open area (ZR) of all

two thousand deflection conduits is ten thousand square millimeters, (5 sq. mm x
2.000 = 10,000 sg. mm), and the specific resulting open area of such a

30 hypothetical layer is R = 1/3, or 33.33% (ten thousand square millimeters divided
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t housand square mllineters, and each deflection conduit has the projected
open area of five square mllinmeters, the cunul ative projected open area
(ER) of alo o2tlgemr9f housand defl ection conduits is ten thousandusyases e
mllinmeters, (5 sqg. nmx 2.000 = 10,000 sq. mm, and the specific

resul ting open area of such a 30 hypothetical layer is R= 1/3, or 33.33%
(ten thousand square mllineters divided 42 WO 02/061191 PCT/ US01/50472
by thirty thousand square millineters). In a dual-layer deflection nmenber

10, exe |f| erein, the fir, L ayer 30 can have rst s | fi

resul ti ng ﬁw@auswﬁ SgHare HEEE@E?%’S | 1By rduglaygst &%ﬂﬁ?t'gns@gm fgeci fic
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paral | el tR,tdre tkeYsquomddayeltl eas bave mesabohdeapeicdic resullingtapemsarendli2.
non-uni form t hroughout their length, or thickness of the layer -- i. e.
fromthe top SUFH@-C@JrﬁﬂllaQK/e4ﬂJI’GJOCt@Ue dpent masoff@mﬂw 3AdividuB?, conduit is

t ly, of the | 30 , t |
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(see, for ~‘exa escCri i'n commonl |gne S paténts
5, 900, 122 c&nltﬂucldﬁe@é&fm lalybe -di.sel, dgaum dbedbpv%urtﬂceaBé oméd)rtpohhat leattdrar ei n
by referenc
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Thl vi dualsieaeaa O 45, ree@e%%??t bthe BpEaD; it reSpeeBrene Fop pRemPsce
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respectiv each 1 ndi vi dual the Specific resulting open
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In each individual layer 30, 40, the specific resulting open area of the
individual layer can be at least 1/5 (or 20%), more specifically, at least 2/5 (or
40%), and still more specifically, at least 3/5 (or 60%). According to the present
invention, the first specific resulting open area R1 may be greater than,

20 substantially equal to, or less than the second resulting open area R2.

In some embodiments of the present invention, the first layer 30 may have

a first deformability D1 different from a second deformability D2 of the second
layer 40. As used herein, the “deformability” means an ability of the layer to
change its shape while sufficiently retaining its volume under application of an

25 external force, or pressure, typically when the deflection member 10 is pressed
against a pressing surface, such as, for example, a Yankee drying drum. FIGs.

48 and 49 illustrate an embodiment of the deflection member 10, in which the
first layer 30 has a first deformability D1 greater than a second deformability D2

of the second layer 40. In FIG. 48, the deflection member 10 is shown free of

30 pressure. In FIG. 49, the deflection member 10 is shown under application of a
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25 external force, or pressure, typically when the deflection nenber 10 is
pressed against a pressing surface, such as, for exanple, a Yankee drying
drum Fl Gyvooa81and 49 illustrate an enbodi ment of the defHaewSoosoarenber
10, in which the first layer 30 has a first defornmability D1 greater than
a second deformability D2 of the second |ayer 40. In FIG 48, the

defl ection nenber 10 is shown free of 30 pressure. In FIG 49, the

defl ecti on nmenber 10 is shown under application of a 43 WO 02/061191
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recover its original, unrestrained thickness alnost imediately after the

def orm ng forcey Qaéor?(% léfe@%ﬁf’a} Tto%@e&itthIé‘J(érlé’rBE{? &F@h@%%&&fﬁf a
cont 1 nuous process o I Ng t he | brous structure 500  of the present
i nvent i®n,mataiah dMareowver onestidhbdayersunayphiave resiliehey, o alagtioflyi different of

the defor r?rc?rﬂ tkg{ 8F the other layer or layers. As used herein, the terms “resiliency” or

“elasticity” mean capability of the deformed (strained or compressed) layer to
substantially recover, on its own accord, its size and shape after a deforming
force is removed. More specifically, a resiliently-deformable layer is capable to
20 substantially recover its original, unrestrained thickness almost immediately after
the deforming force has been removed. Most specifically, in the instance of a
continuous process of making the fibrous structure 500 of the present invention,
such a recovery should occur prior to the next application of the deforming force
during repeating cycles of the continuous process. The examples of the resilient
'25 material include, without limitation: silicon rubbers, urethane rubbers, styrene-
butadiene rubbers, natural rubbers, synthetic rubbers, and any cembination

thereof.

It is also contemplated that at least one of the layers 30, 40 may comprise
a compressible material. As used herein, “compressibility” means an ability of a

30 maiterial to reduce its volume under application of an external force. For
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during repeating cycles of the continuous process. The exanples of the
resilient 25 material include, without Iimtation: silicon rubbers,

ur et hane wabizawesl91st yrene- but adi ene rubbers, natural rublrrmgySossnbet i c
rubbers, and any conbination thereof. It is also contenplated that at

| east one of the layers 30, 40 nmay conprise a conpressible material. As
used herein, "conpressibility" neans an ability of a 30 material to reduce
its vol ume under application of an external force. For 44 WD 02/061191
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form ng sugippsdieshie9ssihens 49. Each of the |ayers 30, 40 can have |ts own
pattern of the deflection conduit portion. This enbodi nent of the process
of making the deflection nenber 10 of the present invention wll be

described piyss For Making Deflection Member

15 A process for making the deflection member 10, according to one
embodiment of the present invention, generally comprises forming at least two
layers 30, 40, each having its own individual structure, and then joining the two
layers 30, 40 together in a mutual face-to-face relationship such that pprtions of
one layer correspond in Z-direction to the deflection conduits of the other layer,

20 thereby forming suspended portions 49. Each of the layers 30, 40 can have its
own pattern of the deflection conduit portion. This embodiment of the process of
making the deflection member 10 of the present invention will be described more

specifically with reference to FIGs. 19-21.

In FIG. 19, the first layer 30 of the framework 20 is formed using a first

25 forming surface 100, and the second layer 40 is formed using a second forming
surface 200. As used herein, the term “forming surface” means a surface of a
forming unit structured and configured to support a coating of a suitable curable
material, such as, for example, a liquid photosensitive resin. The curable

material can be deposited directly to the forming surface, or it can be deposited
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specifically wwth reference to FIGs. 19-21. In FIG 19, the first layer 30
of the framework 20 is forned using a first 25 form ng surface 100, and

t he secongld @yegi1940 is fornmed using a second form ng surfraRgeyHPBe478s used
herein, the term"form ng surface"” neans a surface of a formng unit
structured and configured to support a coating of a suitable curable
material, such as, for exanple, a liquid photosensitive resin. The curable
mat erial can be deposited directly to the form ng surface, or it can be

deposited, 45 02/061191.PCT/ USQL/ 50472 tao a backi fil. rovided to
cover e 19at RN QUM ML PGP 0 2t e e ARG et b ot B el gha
curabl e mahgidoklby fhi fidlad ihasienmaterlovA the drhbodikfentashdvr ft FEGr abl &
materi al 300, conprising, for exanple, a liquid photosensitive resin, is

deposi t ed firgt eurablel materia)r3Ath gosurrisieg fe0examps, cl ligyyidaphatesensiiekiasi.f i | m

surtave . To0eRESRRL i 306 18 SBBREL Qg 107 cHFERY bR ARy bRERG AR 1AGL™ "
100, 209 arRl afscord dyrabie Alatéidl 4ET @ndepositini thd bscoimpsshg Guafalcer st
drum 101 and a second drum 201, res ectlvel_ﬁ;ﬁl n the enbodi nent of the

cont i nuouQr eRvased yhavaecpAdhackingotim B804 Lhes farping syrfages 16PaL80tasRar ds
h oth | h fl.rst L | : = W
i recti on oo ] Brsofind icohd ot e "Orfipfiang e bl B8Rl UG ang. o

form ng swekandsdrifiY 2020 Pesprctivelypr irs theaentyodimenti béthe contioume s presbss
el enent, i. one or b orm nggsurfaces 100, 200 maly ge fl ath or

pl anar, orShﬁ’S@(.ﬂ,aincﬁlﬁ':tar'l%l!i'i??F gﬂﬁrggdé)ﬂfq% 1 irelade toyvards &aeh othe Qreednet he
A R o A e
i ncor por attkat Aileasinomy of deforming sifiaces he0,r20maycangprésecawon-Gula or
For - examIBr N IPEINT dy @y 058, Ot ANBP GBI R S Gop B8y K6 T
e cur o0 T PR S i s PR Br T omewor k20, Thi o
e e sooe LS PRI mile! e B, SATPTEb 6 el Sefeg Bt 72
i rreguhmr iddsesibed enbtieetbminadnly rassigred US Patent 5,275,700, the disclosure of
which is incorporated herein by reference. When the reinforcing element 50 is
pressed into the deformable forming surface during the process of making, for
example, the first layer 30, the deformable forming surface forms protrusions that
exclude the curable material from certain areas which, when cured, will lie along
20 the backside 22 of the framework 20. This causes the deflection member 10 to
form a so-called “textured” backside 22 having passageways providing texture
irregularities therein. Those texture irregularities are beneficial in some
embodiments of the deflection member 10, because they prevent formation of a
vacuum seal between the backside of the deflection member 10 and a surface of
25 the papermaking equipment (such as, for example, a surface of a vacuum box or
a surface of a pick-up shoe), thereby creating a “leakage” therebetween and thus
mitigating undesirable consequences of an application of a vacuum pressure in a
through-air-drying process of making a fibrous structure 500 of the present
invention. Other methods of creating such a leakage are disclosed in commonly
30 assigned US Patents 5,718,806; 5,741,402; 5,744,007; 5,776,311; and
5,885,421, the disclosures of which are incorporated herein by reference.
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enbodi nents of the deflection nmenber 10, because they prevent formation of
a vacuum seal between the backside of the deflection nenber 10 and a
surface oWw@®B/khe1paper maki ng equi pnent (such as, for examdmysoaseaaeface of
a vacuum box or a surface of a pick-up shoe), thereby creating a "l eakage"
t herebetween and thus mtigating undesirable consequences of an
application of a vacuum pressure in a through-air-drying process of making
a fibrous structure 500 of the present invention. Qther nethods of

gr$it8i ggGSughM H&a%%ﬂgg%ﬁargo%l%l)o%%bdr\@ﬁt‘%a nyyﬁg%@!%?zgaﬁ%ﬁgﬁ sc sures

of which atremsmlsstbport@ctmﬂqdm’elan ldysscmm emceormfﬁoN@ aéélgﬁéd%JS patents
PCT/ US01/ 50472 The e can | so be created usi n}? SO-C
i

"di f f er ent3-884179§ht5; 55@1 PSP 6@@6 e Y8, 20df3d %@dth%d'éﬁlﬁﬁ’d?ﬁsyof
assi gned %@%ﬁ@ﬁﬁ o@@tédol'&qems‘rlaygﬁé'fe@ce oT ﬁ@%eﬁt@e dor?] ERct mé?er Y e

5, 334, 289 |sc ures are 1 ncorpora erein by re
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Anot her way of cTeating” bac S|de surface 1rregula es compri ses the use

10 of a t dhtraughdthbaeimfarpigiefentent. or a textured barrier film as described
in comonly assigned US patents 5, 364,504; 5,260,171; and 5, 098,522, the

di scl osures of Ahdthbr ey dincreating @heklsﬂjer@lrfacbwregmanﬂegeommsedahémsbl on
menber i s made by casting a photosensitive resin over and through t he

rei nf oft @i rﬁj & é@?ﬂerd/\HPU@m!QhéufféPﬁﬂ‘ Hcanipdurede harigrafilns as slesgribestifr ed
surf ace, %%s@%ﬂnggiu\iyﬁpgﬁgﬁsﬂ%oho 4 hgé\%ﬁﬁ aBnACEingatd g the

wavel ength t ranspare nd opaque Tegions.
shown in I-'dnﬁ:loé@r,est bé Whicht asndnsaporaiett aladrieity Wy Ireferdiics. 2$Beadefleqimvi ded

to protect th i rst and second form surfaces 100, 200, ectiv

and to fadT‘Pm%rﬁre'Sr &Ry by icasipgpar PP‘&Q%”E@H%I KRSy Q‘?ﬁe?@%@ﬁoﬂ@hff‘@m t he

form g ﬁgeﬁﬂéifc‘?r?geéléﬁc?&nt R tHERRREIENG lembft a8 chBHaUSRISF SGfTass, FI G
15 and then exposing the coating to light of an activating wavelength through a

mask which has transparent and opaque regions.

As shown in FIG. 19, the first and second backing films 130, 230 are
provided to protect the first and second forming surfaces 100, 200, respectively,
and to facilitate removal of the partially completed layers 30, 40 from the forming

20 surfaces 100, 200, respectively. In a continuous process of FIG. 19, the backing
films 130, 230 are traveling in a direction indicated by directional arrows D3, D4,
respectively. As an example, in the embodiment of FIG. 19, the first backing film
130 is shown as a single-use film, which is supplied by a supply roll 131a, wound
into a take-up roll 131b, and is typically discarded after the use; and the second

25 backing film 230 is shown as comprising an endless belt traveling about return

rolls 231 and being cleaned at a cleaning station 232 and reused.

For the reader's convenience, the process of constructing the individual
layers 30, 40 will be discussed herein in the context of making the first layer 30.

It should be understood that in the embodiment of FIG. 19, the process of
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films 130, 230 are traveling in a direction indicated by directional arrows
D3, D4, respectively. As an exanple, in the enbodinent of FIG 19, the

first bacWiogwbitom 130 is shown as a single-use film whigdisisepp!ied by
a supply roll 131 a, wound into a take-up roll 131b, and is typically
di scarded after the use; and the second 25 backing film 230 is shown as
conprising an endl ess belt traveling about return rolls 231 and bei ng
cl eaned at a cleaning station 232 and reused. For the reader's convenience,
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first reinforcing elenent 50 is supporte y the first formng surface 100
such t hat lower bioeb2.siTdhe BBt seinfareingi elementiS0f isrstippgrieddmeiite BBt farisg t he

fist formng, sur e 10 an be.jn_contact. therewith or w the first
10 backi ng L 1020 SpE duirNedBReRgice pa 47 e 1S fetelndy Sombe 2k et
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in a direct contact wth the first backi ng film130. In the continuous

proces® i [hagkingalilen 180 iFsweh backing dilmfis usedy as expladiatyaledarehypiselly, put

vent | on IRAICCEREEMYY st ReBiorthg e iBR oS PYEFRLE' BB botRefl FART .

f orm of anhéﬁﬁéteﬁécmﬁ{;tfi,lmafﬁsccl.emrthb%ntih@@ugwaés%, illustretmBrElG. &5 shgned
US Patent 4,514, 345, the disclosure of which is incorporated herein by

r ef er ence firgty rgintoreing, elaveent 68t is Supplied i fremeperupRlYs®li $085 aVklis n@glsbn a

first machi ' ' T i Ne ) r " ;
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paper meKi gpphbe e thdifern of anraidess beltaasideseibed)) for example, in commonly
assigned US Patent 4,514,345, the disclosure of which is incorporated herein by
reference. In FIG. 19, the first reinforcing element 50 is traveling in a first

machine direction MD1.

The use herein of the term "machine direction" is consistent with the

20 traditional use of the term in papermaking, where this term refers to a direction
which is parallel to the flow of the paper web through the papermaking
equipment. In the context of the continuous process of making the deflection
member 10, the "machine direction" is a direction parallel to the flow of the
coating of the curable material (or the reinforcing element where applicable)

25 during the process of the present invention. It should be understood that the
machine direction is a relative term defined in relation to the movement of the
coating at a particular point of the process. Therefore, the machine direction
may (and typically does) change several times during a given process of the
present invention. The terms “first machine direction” MD1 and “second machine

30 direction” MD2 refer to the first and second layers 30, 40 being made,
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which is parallel to the flow of the paper web through the papernmaki ng
equi pnent. In the context of the continuous process of naking the

def | ecti omo opvegriv|r 10, the "machine direction” is a direcpCDuspiaioala el to
the flow of the coating of the curable material (or the reinforcing

el ement where applicable) 25 during the process of the present invention.
It should be understood that the machine directionis a relative term
defined in relation to the novenment of the coating at a particular point
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15 element comprising a plurality of interwoven yarns (shown in FIGs. 1 9 and 11-
18), the curable material should be applied such that a sufficient amount of the
curable material can be worked through the first reinforcing element 50 to

achieve a secure joining therebetween.

Suitable curable materials that can be used for making either one or both

20 of the first and second layers 30, 40 can be readily selected from the many those
commercially available. For example, the curable material may comprise liquid
photosensitive resins, such as polymers that can be cured or cross-linked under

the influence of a suitable radiation, typically an ultraviolet (UV) light. References
containing more information about liquid photosensitive resins include Green et

25 al., “Photocross-linkable Resin Systems,” J. Macro-Sci. Revs. Macro Chem., C21
(2), 187-273 (1981-82); Bayer, “A Review of Ultraviolet Curing Technology,”
Tappi Paper Synthetics Conf. Proc., Sept. 25-27, 1978, pp. 167-172; and
Schmidle, “Ultraviolet Curable Flexible Coatings,” J. of Coated Fabrics, 8, 10-20
(July, 1978). All the preceding three references are incorporated herein by

30 reference. Example of the suitable liquid photosensitive resins are included in
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20 of the first and second | ayers 30, 40 can be readily selected fromthe
many those commercially available. For exanple, the curable material may
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“U travi ojRbrietagdd, ®f /emirkften,@at i ngs,.” J. of Coated Fabrics, 8, 10-20
(July, 1978). Al the preceding three references are incorporated herein by

3 : _ " . Lo L .
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ot o sepecHEAOA A dpRrab fuckTmsscriE fest vgtdid B6F dflemcs The SSLt A
dictat ed {HohddBifiRg ddtieriBRheftbel 10, I Sihet Btfoditehis] thelthickfiédsgnce

the resulting thickness of the deflection ne . _I'n other enbodi nents,
t he t hi ckinessoating wikbecamerthewhickness ofrtha resulting: Hetisctionf membaredut-tif ng

deflectio er. 10 - if e defl ection menber .conpri.ses, a singl
ayer. Trine ReGertiopgertiei Gt eSs ST EDEF on S ooy ing EKGHTRAT 1y
dictated e afieB¥RPThBMbEre10Tist ?ﬁrnbﬂwgfdt@l@bi B) fMeTespedidd b8s sl e,
when the deflection nmenber 10 is to be” used in a process for nmaking a
fibrous sdefleationemediizer 1 BedForeexample; avhen the dedectian mambenieris Jtogn%

typically f bout 0.3 s to .about.. 10 0 nilli et

appl i cat | B B2 doarass Bhnakad: ¢ i sicetp iR B 1 can
be as hi ghefisctith Methber MBS RppitaliyCifoRT aBYENOBhRKab alfddt 10.0 Willhetare 15
included in the scope of the present invention. Any suitable neans for

control | i thick.t Wetheni applinsdions, oheourssst camyenuisy thighepslaiioetion rmembers
orocess SBlACHaTHECas sidd US40 b Ot of bR bl SBin d
speci fiscalncudert ingase scbperailthe pidsemt am@nitibe. Any suitable means for controlling
the thickness of the first layer 30 can be used in the process. For example,
illustrated in FIG. 19 is the use of a roll 111a. A clearance between the roll 111a
and the forming surface 100, or more specifically between the roll 111a and the
backing film 130, can be controlled manually or mechanically, by any

20 conventional means (not shown).

Mask |

The next step comprises providing a mask 110 and positioning the mask

110 between the coating of the first curable material 300 and a source of curing
radiation 120. In the instance of a photosensitive resin, the source of curing

25 radiation 120 may comprise, for example, a mercury arc lamp. The mask 110,
schematically shown in FIGs. 19-25A, comprises a relatively thin and flexible
structure, typically in the nature of film, having a top side 110a and a bottom side
110b opposite to the top side 110a. In some embodiments, the mask 110 may

be juxtaposed in contacting relation with the coating. As schematically shown in
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backing film 130, can be controlled nmanually or nmechanically, by any 20
conventional neans (not shown). Mask The next step conprises providing a
mask 110 wodzmesiot i oni ng the mask 110 between the coati ngaafusohso47er st
curable material 300 and a source of curing radiation 120. In the instance
of a photosensitive resin, the source of curing 25 radiation 120 may
conprise, for exanple, a nmercury arc |anp. The mask 110, schematically
shown in FIGs. 19-25A, conprises a relatively thin and flexible structure,

typically gy t t f1of A : ' hde e 1 si de
11 o oppolisli@l'er‘bqa’.c;d:‘ta hﬁéés %31& %%T%t@ﬁﬁaas%ﬁg r%l ﬁ iﬁe%giarb?)ﬁgurgmqrggmﬁfo may
be j uxt aposket] As usedtzrtimdhe &drat fapaciti’t énd Fepaopes” imean Rscksaf Hemspacsridyy
shown in 50 WD 02/061191 PCT/ US01/ 50472 Fi(qx 20@,@1 He .masésl%o conpri,ses

t ranspar el aR3UERNGY B araIBAIGaE FlelPdmask 1, S¥ENAESRSC1HEA  er m

"opacity" ™ Y I ; '

cortai n ariadty,BPREHR SfRad sRER & 1 DRORRRIADGY orParkERFhHERIR, e

bei ng shadegls ofichring radiaben.i nper vi ous or partially inpervious to the 5
rays of curing radiation. The primary purpose of the nmask 110 is to shield
certain areas dfhé hgimagapumosei of the nidststi@isds shHiell egréaisarebdesf the t he
opaque regions 114, from exposure to curi@nfg ra&‘i ation. The, trafs afrent
regi ons 1100&Ng; heendfRSe 137088 18Rl a8 1$BIeldedh i Klegepagye Jggiong) VESIH‘P'BI ded)

areas of tde, Lol F]é‘g iflg PRaigi8e ST ‘ir%n@ﬁ&e%?{é@ﬁﬁé‘ﬁ@izt&‘%tnéﬁ 891188y on
whi ch resul'ts 1n arHengng, . e., curing, O ese unshi el ded portions.
The shi el detten(wshicltiet lve pactdlyrahi¢ldpdcaldag dfdhencaafing 1o bel @gioedd iataner n
corresponding to the desired pattern of ihe_ defl ecti on conduits fsfj‘t of the
| ayer B@i H&CSWRSMEFBGQ r‘?ﬁ@t'ﬁ’ﬁs‘whwgvf%@' ty InpREeRINge s iConQ¥ing Piufe$ee can

al so be U%kﬂ@d%ﬂﬁﬁ&ﬂ%né‘. Peh& &HielbBd t A8 as 06K {H@coéﬁng?j?%ii&%@g@orﬁ?!ao}ﬁ/re-w

The mask present 1 nvention may have nmultip rentia
opaci t i es,sdlected, pattern nestespoddimgytchtheedesiceb patiemn ot thiedsfladivn dendudisf f er

andr or - grn Anihe ek BESTD OnethAREr ol hE HRSK: BRYNG of oV EREVBRRIPEg
nMeans an oRafdtlis can also be used to imprint a pattern in the coating, as described below.

15 The mask 110 of the present invention may have multiple differential
opacities, i. e., the mask 110 may have the opaque regions 114 that differ in
opacity. Those differential opacities may comprise discrete opacities and/or
gradient opacities. As used herein, the term “gradient opacity” means an opacity
having a gradually changing intensity. Gradual opacity does not have a defined

20 “pborder line” therein that would separate one opacity from the other. That is, the
gradient opacity is a non-monotone opacity, wherein the change in opacity in at

least one direction is gradually incremental, as opposed to discrete.

One method of constructing the mask 10 having regions of differential

opacities comprises printing a transparent film to form a pattern of opaque

25 regions having a certain initial opacity, and then printing the film a second time to
form a pattern of opaque regions having another opacity different from the initial
opacity. For example, first the film can be printed with ink to form regions of the
initial opacity, and then printed again to apply the ink to at least several of the
regions already having the initial opacity, thereby increasing the opacity of said

30 several regions. In another method, the differential opacities can be formed in
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having a gradually changing intensity. G adual opacity does not have a
defined 20 "border line" therein that woul d separate one opacity fromthe
ot her. Thelo de1iope gradient opacity is a non-nonotone ogagiitsol/seer ei n
the change in opacity in at |east one direction is gradually increnmental,
as opposed to discrete. One nethod of constructing the mask 10 havi ng
regions of differential opacities conprises printing a transparent filmto
forma pattern of opaque 25 regi ons having a certain initial opacity, and

oot amsRas el . SR H b Pl Yot Selo R RS R
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oan’ bt onrReEiTi i SRS B B bERe BBES BAyobT® cthor FsiRtd< bt Rifing,

usi ng a progpa hlu@(JIeEidds ,caftIsd ussd irf e BreaBnt iBventiéh.aButk mehbds ifvvde)dud
differential attern therein for receivi ng ink. During printing, the

i nk deposﬁr@@oﬁgmﬂtﬁé tor ehrypigab wlegtiamagnatic, lnses headi eles of di fferentlal

intensities, reflecting the differential depths of the roll's pattern.
O her net hods dh éxemplagy Bropedjments gif dhe wask showrs dal Fl@s: k@ﬁpﬂégeﬁhe

had | ude, b
el et r onagRatT o 10 ke rehdsatiug; i£8ione 31anRaypochuan el e Recnnd
shown in %p@@ue&%@&%cﬁhbmm& dekdniagp édl {\)alszpaaﬂﬁed ewiréinsas igkatibavi ng

a first opacity and second opaque re |on havi ng a second opacity

(al so tef mp@@ntyi)ele@smhaﬂ ﬂ]@aﬁlts’l @Ipacmo ieeryr)s lmaumﬁaqu @ andspadigdyity.

her ei n | ntEE htah%ﬁ‘aﬁv%pa%“iﬁeﬁm%fﬁﬁ%?@%h%@séh@” FUGAORE R AE ot

second opaagpnEeni ahandlthe é@ébrfcpbﬁa@.xeﬂlré@i@héI1F\Ildlfbﬂﬁ1aypﬁirmearmgéorﬂlnnbusal ity
of discrete areas (FIGs. 22A-22C), sem -continuous pattern (not shown),

or a substpatieral ofy ac phiraliyoak Ohﬁﬁtfﬁ@r areafot(FKppWARA- 2@@ 13 SRIBIoFNtIBYRKEEe

regions 1 y I O 114a

(FGo. 2222505 R MR, 557 SuBSlsRER coRehd6ivs elley ARBL P LAY D™ ol

t he dei@' lsscohd opaque regions 114b may comprise areas adjacent to the first opaque
regions 114a (FIGs. 22A-22C).

The mask 110 can be made in a form of an endless loop (all the details of
which are not shown in FIG. 19 but should be readily apparent to one skilled in
the art), or it can be supplied from a supply roll (FIG. 50) to a take-up roll (not

20 shown). As shown in FIGs. 19 and 50, the mask 110 travels in the direction
indicated by a directional arrow D1, turns under the nip roll 111a where it can be
brought into contact with the surface of the first coating 300, travels to a mask
guide roll 111b in the vicinity of which it can be removed from the contact with the

first coating 300.

25 The mask 110 can be made of any suitable material which can be
provided with opaque and transparent regions. A material in the nature of a
flexible photographic film may be suitable. Such a flexible film can comprise
polyester, polypropylene, polyethylene, cellulosic, or any other suitable material,
or any combination thereof. The opaque regions 114 can be applied to the mask

30 110 by any convenient means known in the art, such as, for example, spraying,
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whi ch are not shown in FIG 19 but should be readily apparent to one
skilled in the art), or it can be supplied froma supply roll (FIG 50) to
a take- upwiddos{®pt 20 shown). As shown in FIGs. 19 and 5@ctt@18egE 110
travels in the direction indicated by a directional arrow D1, turns under
the nip roll 111 a where it can be brought into contact with the surface
of the first coating 300, travels to a mask guide roll 111 b in the
vicinity of which it can be renoved fromthe contact with the first
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15 herein by reference. This application discloses a framework that is interrupted

(on its web-side) and subdivided by synclines. The framework, synclines, and

deflection conduits, respectively, impart first, second, and third values of

intensive properties to regions of a paper made on these portions of the belt.

The value of the intensive property of the regions of the paper corresponding to

20 the synclines is intermediate to those of the paper regions corresponding to the

framework and the deflection conduits. For example, if the belt is used as a

through-air-drying belt, the density of the paper regions corresponding to the

synclines may be less than the density of the paper regions corresponding to the

framework but greater than the density of the paper regions corresponding to the

25 deflection conduits; and if the belt is used as a forming wire, the basis weight of

the paper regions corresponding to the synclines may be greater than the density

of the paper regions corresponding to the framework but less than the basis

weight of the paper regions corresponding to the deflection conduits.

The mask 110 can be made using a photosensitive material, such as a

30 photosensitive film, in which instance the opaque regions can be created by
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defl ection conduits, respectively, inpart first, second, and third val ues
of intensive properties to regions of a paper nmade on these portions of

t he bel t.woli@ey®hue of the intensive property of the regip@umisisie paper
corresponding to 20 the synclines is internmediate to those of the paper

regions corresponding to the franmework and the deflection conduits. For
exanple, if the belt is used as a through-air-drying belt, the density of
t he paper regions corresponding to the synclines may be | ess than the
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t he paper regions corresponding to the synclines may be greater than the
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of ' D't ITRMaiee 55 & Iaiensdeacen ARET IseaAtaTo of His ergmibsrchipe Rose Beons
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coating remains as a latent | na ter separation o ori gi
the copy, ctyleeandotim]mssaewpmmrtdoeaaamtmlla paisnarndrd mmagmrorm theea ditra. vathle the

the 11 9n dRRBTYof A8 JFRGe Mo ol dissioBherpbRiota o e BRGRN M Tonal
to the optihgamagensn e @tginal. Such film is suitable for use as a mask in the photo-
polymerization process. Diazo reproduction equipment is commonly sold by the
A. M. Bruning Company of ltasca, IL. A suitable device is the Bruning Model
750. Similar equipment is sold by The Diazit Company, Inc. of Youngsville, NC.

20 A suitable device from Diazit Company is the Executrac.

In some embodiments, the mask 110 has a three-dimensional topography.

As used herein, the term “three-dimensional topography” refers to Z-directional
dimensions of the mask 110, which are greater than the thickness of the material

the mask 110 is made of. For example, the three-dimensional topography of the

25 mask 110 may comprise protrusions from the general plane of the mask 110
(when the mask 110 is viewed as disposed on a flat surface). These protrusions

can outwardly extend from the top side 110a, bottom side 110b, or both sides
110a, 110b, of the mask 110 (FIGs. 24 and 25A) and can have regular/repeating

or irregular/non-repeating pattern. In FIG. 24, the mask’s bottom side 110b has a

30 pattern of protrusions 115 extending therefrom. When such a mask 110 is
positioned adjacent to the coating, the pattern of protrusions 115 can be
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the image on the original. Such filmis suitable for use as a mask in the
phot o- pol ynerization process. Diazo reproduction equi pnent is commonly

sold by tH@ 0261 Bruni ng Conpany of Itasca, IL. A suitald@Edeviseeri s the
Bruni ng Model 750. Simlar equipnent is sold by The D azit Conpany, Inc.

of Youngsville, NC. 20 A suitable device fromD azit Conpany is the
Executrac. In sone enbodi nents, the mask 110 has a three-di nensi onal
t opography. As used herein, the term "three-di nensi onal topography” refers

to Z-di ti |, . di ' f.th k 110, ' . .th
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the mask 110. The protrusions 115a extending fromthe top side of the mask
110 ar &0 hofl pretasrisoi ibaoil #8bi and theipaiternoff thei apaavelbiraspaiest iragiodsn

20, " t ner! ST PAR SR RGOS A et s Hineis g e o
with the tpatithrewefk 20 affRdeNdctiopdnenbet 12 (FIE. 2PAY wehathgl Biasmadk 110hus,
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opaque/ t r difsp e patiesyiadrgrolruaions21 tam axtanding frstinRaloPoRideo! 13 il 4he
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The protrusions 115 can be integral or adjunct. As used herein, the
integral protrusions are protrusions that are formed from a material constituent
with, or inherent to, the mask 110, and as such, the integral protrusions are not
separable from the rest of the mask 110. One way of forming the integral

20 protrusions in the mask 110 is schematically shown in FIG. 50. In FIG. 50, a
mask film 118 is supplied in the form of a supply roll. The mask fiim 118 is
embossed by an embossing roll 190 against a support roll 191. As FIG. 50
shows, the opaque regions 114 can be created, by printing a pattern of the
opaque regions 114 simultaneously with embossing. For example, ink can be

25 applied to the embossing roll 190, and more specifically, to distal surfaces of the
roll's embossing protrusions, by using, for example, an ink roll 192 partially
submerged into an ink reservoir 193 containing therein a suitable ink. The ink
can also be sprayed to the print roll 192, or directly to the embossing roll 190
(both variations not shown). Alternatively or additionally to depositing the

30 suitable ink to the embossing roll 190, the embossed film 118 may be printed
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mask, the pattern of protrusions 11 5b extending fromthe bottomside 11 b
of the 15 mask 110, or both pattern of protrusions 11 5a, 11 5b. The
protrusi ow® @is1wan be integral or adjunct. As used herei reCTvis®1/50412 €gr al
protrusions are protrusions that are forned froma material constituent
with, or inherent to, the nmask 110, and as such, the integral protrusions
are not separable fromthe rest of the nask 110. One way of formng the
integral 20 protrusions in the nmask 110 is schematically shown in FIG 50.
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predet er m ned attern or exanple, a pattern ‘corresponding t
of the entmmuegtopprﬁctud;a omnssng oh arées ofrius soating obﬂreﬂ;&mdlmé@th@@pmua 110

contacts the, coajl g ria he
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di stal surfaces of the protru5|ons 115 are suff|C|entIy opaque to preclude

curingi®df frareadhef shietdasbaportigne oof etheoratiatiggt grionetaptiguestep of curing.
Consequently, by using a three-dimensional mask 110 of the present invention,

one can save a sufficient amount of the curable material.

As used herein, the adjunct protrusions are protrusions that are formed

from the material that is not inherent to the material of the mask 119. The

20 adjunct protrusions can be formed independently from the mask 110. It does not
exclude, however, the adjunct protrusions 115 formed from the same material as

the mask 110. The adjunct protrusions can be attached (by adhesive, or by a

chemical process, for example) to the mask 110 to form an integral structure

therewith. Alternatively, a pattern of adjunct protrusions may be independently

25 supplied and superimposed upon the coating 300, independently from and

without being attached to, the mask 110, as schematically shown in FIG. 51. The

adjunct protrusions can be made from a variety of suitable materials, including

organic and non-organic materials, such as -- without limitation -- plastic, resin,

glass, wood, metal, leather, textile fabric, and any combination thereof.
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regions 115. Thus, the anpunt of the liquid resin that is shielded fromthe
radi ati on and | ater washed out, can be reduced by excluding sone of that

resin 15 Hyoogmdsh@1shi el ded portions of the coating prior tgiwigsiep of
curing. Consequently, by using a three-dinmensional mask 110 of the present

i nvention, one can save a sufficient anmount of the curable naterial. As
used herein, the adjunct protrusions are protrusions that are forned from
the material that is not inherent to the material of the mask 119. The 20

dj unct prot be, forned independeptly fromth k 110 Lt d
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rol I's 111 paotrasions,1151woiK insgrpperatien tafeim ariesdrddbsadineensien BLEMs

ol bentd o 10 repewatk 25 1%, Belitia ity e This #en et S50 e
nip roll 1dbrevidéla gidatdr ﬂIB)dllﬁiIltytlhQ:ohtrbﬁhge(bﬁd@hbnéﬂr@ @fmbdé@sary?mmalg

el ement 810 cone together to forma conposite structure in ich the
pattern ofcof ﬂﬁ’éﬁthnah@’ﬁﬁ‘éﬁ%hih%ﬁén%@ﬁﬂoia@@#% mﬁﬂmﬂ 124 14nand HBG prattesn of of

t he protr work in cooperation to forma desired
t hree-di n@éﬂrgﬂén&éi?tern 10 of the frarrework 20 of the deflection nenber
reater fl.exibil

L T o eragEeRl dsbelLENEnel SrROANSR, 4 BTSSRI bkl ¢ e
transpgy entipoRaBHAcBabY af loaktdhdlifdapshddift dameptd) M FIG. 52, both the first
element 410 comprising an endless transparent film traveling around rolls 111a,
111b, 111c, and 111d, and the embossing element 810 are fed into the nip
formed between the coating 300 and the nip roll 111a. One embodiment of the
embossing element 810, best shown in FIG. 52A, comprises a siructure in the
20 nature of an air-permeable grid, which can be formed by, for example,
interwoven filaments, or by means of die forging, die forming, or by any other
means known in the art. The pattern shown in FIG 52a is, of course, one
exemplary embodiment, and variety of other suitable patterns can be used in the

embossing element 810.

25 As the film 410 and the embossing element 810 travel between the rolls
111a and 111b, they form the composite mask 110, wherein the embossing
element 810 creates a three-dimensional pattern in the coating 300 and can, at
the same time, shield selected areas of the coating 300 from the curing radiation.
The transparent film 410 can also be used to restrict areas of the coating 300

30 from expending beyond the contours of the embossing element 810. If desired,
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protrusions 115. FIG 52 shows yet another enbodi nent of the process, in
which the mask 15 110 is formed by at | east two independent elenents. In

FI G 52, wobhodie first element 410 conprising an endl espctigangiarent film
traveling around rolls 111 a, 111b, 111c, and 111d, and the enbossing

el ement 810 are fed into the nip fornmed between the coating 300 and the

nip roll 111 a. One enbodi nent of the enbossing el enent 810, best shown in

FI G 52A, corrprises a structure in the 20 nature of an air-perneable grid,
nt erwoven .fi ans of

whi ch be,. f f
e o a8t aTB A also haVd 8 Badern, oo SAqiRY Fabiphs otk in FogPbralii]
pattern S\K)Whé Nodtten SatHes enffossigl BRmMEWES1EX em&rﬁéuvaybﬂ@ @ﬁfﬂossmgd

variety of other suitable patterns can be used in the enhbossing el erent
810. 25 A@leme@tfa1|0n¢an@eaﬁﬁansme@mbygnalgcgmfemmatgm@ filmad &0 alenesms: he
rolls 1],[%a a}r%j#lég hey formthe conposite mask 110, wherein the
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300 d , hi el d f th i 300
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t he enbossi n . esired, 57 WD 02/061 US01/50472 the
film 410 teampahsly, bavﬁaraempler ancﬁdl”n@pe/qdehowg; apsan exawple, im FR{Goparast i on

with the pattern of t 810. (At L Ly,

6l enent HINEAPTBLY 8 Jopoah e ghe 210 e an e Appleey pbh iy Wone.
forms thempBasiHE &l@ENEHISE10, bn gk h perdrediamenéientditdni10) &1 6soondd iaRd 52,
the two el ements™ conprising the conp05|te t hr ee- di nensi onal mask can be

j oi nedot otgmta@tr Thigemaiyf prevenptireaembpssing, elemeré@rﬁapfr@m haingdirdgsireblys hown,
a n FI.LG ., 52 h I 4 b
Sanon: o SRberslo MG BRung SIOL RGN b By A Sind SR o Bl o

sai d el enpidagigArfont Shhcaig first ldMemo AEtwhdhi an rrawgmﬁ@mernetwta@n efeossi ng
el enent 810 from bei ng undesirably submartged into the coating 300 between

t he rol | semboasiag@larmept 840 andshe flrst element 410 is required.

The next step comprises exposing the first curable material 300 to the
15 curing radiation from the source 120 through the mask 110, thereby inducing
curing of the coating in those areas which are not completely shielded by the first
opaque regions 114a, i. e., in those areas that can receive the curing radiation
through the transparent regions 112 or through the partially transparent (or
partially opaque) regions of the mask 110. In the embodiment illustrated in FIG.
20 19, the backing film 130, the reinforcing element 50, the first curable material
300, and the first mask 110 all form a unit traveling together from the nip roll
111a to thé mask guide roll 111b. Intermediate the nip roll 111a and the mask
guide roll 111b, and positioned at a location where the backing film 130 and the
reinforcing element 50 are still juxtaposed with the first forming surface 100, the

25 first curable material 300 is exposed to curing radiation generated by the source |
of the curing radiation 120. If the curable material comprises the liquid
photosensitive resin, an exposure lamp, in general, may be selected to provide
illumination primarily within the wavelength that causes curing of the liquid
photosensitive resin.  That wavelength is a characteristic of the liquid

30 photosensitive resin. Any suitable source of illumination, such as mercury arc,
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m salignment with the first el ement 410 when an alignnment between the
enbossi ng el enent 810 and the first elenent 410 is required. The next step
conpri seswexpasing the first curable material 300 to the PICIH/wCSONSMI2
radi ation fromthe source 120 through the mask 110, thereby inducing
curing of the coating in those areas which are not conpletely shiel ded by
the first opaque regions 114a, i. e., in those areas that can receive the
curing radiation through the transparent regi ons 112 or t hrough t he
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100, tihe 2Me freash ofu’tmbbenm@tradnaabn;srmnam duidoand cam ber remgoveadiram dine
generated by.the source of-the curing radiation 120. If the curable -

mat eri al %rﬂ'?gses the liquid photosensitive resin, an exposure lanp, in
gener al , ma be selected to provide illum natjon prlmarlly wthin th

wavel engt h t hat! healpdenrsity efi tﬁ‘@ rghiating . andyis Gurafinht dereRd UPEB the JegreqiRht
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sui t abl e sour | um nati on as nercury arc
PCT/ US01/ W?cisenlsulveecbme,nme ablsefute odlies of taadef(mmnesmwnsityaam tinman be

used. Curin is ene aII fested a solidification, or a partial
sol i di 0 cAePeRd wpon PRG! cratienal o Jeal i oty e aliaoded
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ors unexpgse ds th

Conver sel y areas, or portions yon the reach of
curing radzlreas oto, beecuiad. fFuﬂthlerartUeciateMyrehmwﬁploemet fegnd deataingte oThe

intensity of t he quWgtlon . af |ts dHratlon de enfi ﬁgon t he degree
curing redfﬂﬁ'?'%’bcq A theecuehe e/ Pave RB "Fneﬁ’(? gHschon pre 998‘?\9@ of
the photgse gﬁbé 'oYQa;B@:SFn et\n |IsaB§ﬂ1éJgn% -YAbERY PAtidRcofarBArAheWbK RBE LY
and tinme | o depend upont emc ature of the resin, its photo
char actzer iconsragtedhel he dlsclosure of commonly assigned US Patent 5,962,860, issued
Oct. 5, 1999 in the name of Trokhan et al. is incorporated by reference herein.
This patent discloses an apparatus for generating controlled radiation for curing a
photosensitive resin, comprising a reflector having a plurality of elongate
reflective facets that are adjustable such as to direct the curing radiation
20 substantially to a desired direction. The patent further discloses a radiation
management device comprising a mini-reflector juxtaposed with the source of

radiation for controlling the direction and intensity of the curing radiation.

The next step comprises removing from the partly-constructed first layer
substantially all the first curable material 300 which was not cured. In the

25 embodiment shown in FIG. 19, at a point in the vicinity of the mask guide roll
111b, the mask 110 and the backing film 130 are physically separated from the
composite comprising the reinforcing element 50 and the partly-constructed first

" layer. That composite first layer travels to the vicinity of a first removal shoe 119,
where a vacuum or other means may be applied to the composiie so that a
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pattern selected, and the thickness of the coating, or of the desired depth
of its areas, to be cured. Further, the intensity of the exposure and the

angl e of woogvgence of the curing radiation can have an i pppiteaosef fect on
the presence or absence of taper in the walls of the pre-selected pattern

of the framework to be 15 constructed. The di sclosure of commonly assigned

US Patent 5,962,860, issued OCct. 5, 1999 in the nane of Trokhan et al. is

i ncorporated by reference herein. This patent di scl oses an apparatus for

generatin ntrolled.radiati for ho osensitive r
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that are (@hap@@bl e such as to direct the curing radiation 20 substantially
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first Iayer substantial l.y all %&anlrst curabl e nma was not
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physi cal |y separate osite Conprising the re|n orci ng el enent
50 and t lsecpadt tejnfoosisg ralertnedt 16|Or may bamswamleateap@nmﬂylwberﬁ ithe tselcandr
travelstottr]rgwcini.t‘\é of a r enpoval erfeava um_or
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can be renoved omthe onposite. The second | ayer 40 can be made by a
subst ant itelmiporaiynicirforging etament. rAmuaeideh@edbrthederrab‘tammnaar reinffciog | n

some enbodi nent,s the second 5 .does, not haye, the r |nf rcin

el enent PHER ntW?an%lﬂeﬁe'?{?r‘%Hg 9%&% ghu'?"stalﬁsf el eqlr"éng ﬁﬁﬁsn t he
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el ement 60 may be desirabl e, especial Iy when the second | ayer 40 conprises

a seni - cdayénsutsgethpet eadnisoreraoyest afien sefving fisuntanded Bmctign s ghas the
P e e rond o T §NaL b4! APt IR BB He SRS Bt can
rei nf @5 i@ made of any suitable material, such as a material in the nature of a flexible
sheet or film. Such a flexible sheet can comprise polyester, bolyethylene,
cellulosic, or any other suitable material, or any combination thereof. It may be
beneficial to use material having critical surface energy greater than that of the

curable material.

20 The foregoing, however, does not exclude embodiments in which the
second layer 40 has the second reinforcing element 60 permanently joined to the
second layer 40, as is shown, for example, in FIGs. 11 and 12A. Such a
reinforcing element permanently-joined to the second layer 40 should not
substantially interfere with the fibers’ ability to deflect into the deflection conduits

25 of the deflection member 10, including the deflection conduits 35 formed in the
first layer 30. To that effect, such a reinforcing element 60 can comprise, for
example, a plurality of interwoven yarns, wherein parallel yarns are spaced apart
at a distance sufficient to minimize an interference of the reinforcing element 60
with the fibers’ ability to reach the deflection conduits of the deflection member

30 10.
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el ement” means a reinforcing elenent that is used during the steps of
constructing a particular (first or second) |ayer and/or joining the first
and secondo d2agems toget her, and is renoved after servi ng RaUSomserded
function so that the final deflection nenber does nor have it. The
tenporary reinforcing el ement can 15 be nmade of any suitable material, such
as a material in the nature of a flexible sheet or film Such a flexible
sheet can conprise pol yester, polyethylene, cellulosic, or any other
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nb 30 10... 60 WD 02/0611 PCT/ USO1/ 50472 Th I nf ' |
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on March 25, 1999, and titl'ed Miltiple Layer Foram nous Belts Wth
Fugi tive Teeavas whjchdieswikisgha cosduits isr resupysdie afigr thespleiopensitye resimr ous

t t ' | ! . ' 1. Th
bel tconpPPabeel APy o a5 RS & Ve 452 SRB- Rry B rHG Rent REAPHNE g
first |ayesdiafiéh andBedn Be-reatdved e ehsmhid e medtthiGalpirotessed whien they
conprising a cured photosensitive resin, the pattern |ayer having

pl ural i t yasg noclongar neednd tetsiakiliem therrlatiorshipypstween theavebsfagfing gyﬁg
el erTen1t5 ara%djtme r?ﬁ“gchine-facing layer of the reinforcing element. In particular, the portion
of the fugitive tie yarns that lies within the conduits can be removed so that belt

properties, such as projected open area, are substantially isotropic across the

belt. A means to remove the fugitive adjunct tie yarns may include a combination

of solubilization and mechanical energy provided by a showering systems that

20 are part of the belt-making and papermaking processes. Suitable materials for

the fugitive tie yams comprise those that can be controllably removed by

chemical or mechanical means. The disclosure of PCT application WO

99/14425 is incorporated herein by reference.

In FIG. 19, the temporary reinforcing element 60 is shown in the form of
25 an endless band traveling in a second machine direction, indicated by a
directional arrow MD2, about rolls 240, 241, and 242. It is to be understood,
however, that the temporary reinforcing element 60 may be supplied in the form
of a supply roll o be wound into a take-up roll, analogously to the arrangement
comprising the supply roll 131a and the take-up roll 131b used for the backing

30 film 130, described above.
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Il o together by either integral or adjunct tie yarns such that at |east a
portion of the tie yarns which lies within the conduits is renovable after
t he phot og®y®idsiiwe¢ resin has been cured. These "fugitive'pdigsoyaifIs are
substantially transparent to actinic radiation and can be renoved by

chem cal or nechani cal processes when they are no |onger needed to
stabilize the relationship between the web-facing |ayer 15 and the

machi ne-facing | ayer of the reinforcing elenment. In particular, the portion

of the fugitive tie yarn hat lies.within the. uits.can_be.re d so
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herein by reference. I'n FIG 19, the tenmporary reinforcing elenent 60 is
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of making I"ayer ng o e second curabl e material 400
and the t enpogaadiatiennfront angecdreirsource022@rofbthe suppgrradiatiby, threugbcand
formng surface 200. The second curable material 400 can be deRosi ed by

|
usi ng, foFeEXRRNASK 210 AV 8oPAEB %fegﬁﬂﬁp%ﬁpé@ing 8PAMLIPAPNZ00 MRy be
| denti cal sée?rﬁaérr?%lz fzq'beﬂ&v%léﬁﬁ‘ thi"Gird difor! Wt A8 Sy B! GFd&ondPlrrow D2,

Control l'ing ckness o e coating o e second curable material 400
to a preiwesemdat thel nip ©ir2 ba adeceihe seedndynasio218xzarmbe, braughbintol |
(2)f1 1t ﬁgsﬁng‘g‘%qt g\ﬁt ntheexgthﬁégeegf ?}?eoggéorg(s] %oét?r?éj lzlbb,ngra%]l's lc<>nae as Oéuigg lr'oﬁ)er)
211b in the vicinity of which the second mask 210 can be removed from the
contact with the second coating 400. Then, substantially all the second curable
material 400 which was not cured is removeél from a partly-made second layer
40, by, for example, a second removal shoe 219, where a vacuum can be
20 applied to the composite so that a substantial quantity of the liquid uncured

material can be removed from the composite.

After the first and second layers 30, 40 are substantially formed, the first
layer 30 and the second layer 40 are brought together in a face-to-face
relationship at a nip indicated in FIG. 19 as “N1.” Any conventional means for

25 bringing the first and second layers 30, 40 together may be utilized. In the
embodiment of FIG. 19, the first layer 30 travels around a first nip roll 140, and
the second layer 40 travels around a second nip roll 240. The nip N1 is formed
between respective outer surfaces of the nip rolls 140 and 240. Mutual
alignment of the two patterns — the first and second layers 30, 40 — may be

30 required, so that a desired combined three-dimensional pattern formed by
superimposition of two respective patterns can be obtained at the nip N1.
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menber 10 is fornmed by the conbined thickness of the first [ayer 30 and the
1lo second | ayer 40. The coating of the second curable nmaterial 400 is
exposed twgymeuorng radi ati on froma second source 220 ofpdiimgsoésid7ng

radi ati on, through a second nmask 210, having a pattern of transparent and
opaque regions. The second mask 210 travels in the direction indicated by
a directional arrow D2, turns under the nip roll 211 a where the second
mask 210 can be brought into 15 contact with the surface of the second
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super i nposi tive patte ns tan "be obtained at the nip NIl.
62 WO 02/ ﬁéﬂdt&hsP&ITd Ldﬁhl/rérﬁéw in /&:qaartthllygcmredooenchhmmdonmtainoa sufficipnbcess

of the present invention, the first er 3 he ,secon ayer,_ 40 are
cured to BROUSLOESUITARRENGKYY fo PB@'B@G'P g\@iéngfs Ygrse?toa i49 sone

adhesi ve gy, gties sufficient to enable the first and second | ayers 30,
40 to be securely joined upon contact therebetween. That 5 is, when the

(LSt and seoonl B of e P B SaRepD! s BRES010h SBnB. 1 ey e
retains facilitated by an applrcatron of pressure exerted by the first and second nip rolls
140, 240. At the nip N1, the first and second surfaces 30, 40 are pressed
against each other, and the combined structure travels farther from the nip N1 to
a nip N2 during a predetermined period of time. Any conventional means may be
used to impart the pressure upon the first and second layers 30, 40 to join
20 securely them together. In FIG. 19, auxiliary press rolls 150 and 250 are
schematically shown to press the first and second layers 30, 40 towards each

other.

After the parily-formed deflection member 10, comprising the first and

second layers 30, 40 joined together, exits the nip N2, it can be brought into the

25  vicinity of a resin wash shower 124 and a resin wash station drain 125, at which
point the composite can be thoroughly washed with water or other suitable liquid

to remove essentially all of the remaining uncured (and still liquid) material 300,

400 which can be discharged from the system through the resin wash station
drain 125. Further, if desired, an additional resin removal shoe (not shown) may

30 be utilized to remove, by vacuum or otherwise, any residual uncured material
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sufficient anount of surface energy and are capable of being joined
together by virtue of not being conpletely hardened. Wth reference to
FIG 19, Heeodoeprorsurface 31 of the first layer 30 and t hediogdoeRvd7ayer 42
of the second | ayer 40, 1o before being brought together in the nip N1, may
not be cured to a conplete hardness and can remain in a partially cured
condition to retain a sufficient anount of surface energy to enable
joining of the first and second |ayers 30, 40 together. The joining of the

first and C ers 30, 40 in_the nip N1 be 15 facilitate an
appi | cat 1 0GR dR6f 8 AL ettas fih teuPrRodied Tir SZamhlp. 40 RIS AY,

240. At thadnize Nt thehgudng shdiatien SBEEEXETS HE Ioppesitd &iddd crtBePscApesite
agai nst each other, and the conbined structure travels farther fromthe nip

N1 to a firpaworkQ bejng fpimeed: tergamilatesthe: rgcess of iatningrihe deare %0; 6Aal
S0 a0 o i SETCecRIbab pRERRE! treliBfIddiing the deMBPUGE HAHLRY 0T P

150 and 2%0 dfrte preRendiriveatibs. sihane témpprag Seirfiercirg slenaertt 6&tasddayer s
30, 40 towards each other. After the partly-fornmed defl ection nmepber 10,

conpri si nysehethe; tesapeiary rejetaseing| elg@est 80, Carpbp giapadaiedget rrapovad fre| t he

nip N2, if.cC g | : LCInj i 124
and a reS|Ehﬁ9 \%\ggﬁ‘?ds?%o%é(ﬂtgb% @Q?\lzgﬁi %@cﬂh[&)ﬁitﬁ% @ﬂg&@gﬁpﬁggl ee$can e

t hor oughl gubetahtallydorimedatiepemdingtonex spedifi@binbddirmentiof the precesse
essentially all of the remaining uncured (and still liquid) material 300,

400 which can lypedires8ar BeEnfiorPBbhkkenSxRen bhbddithehh R WARhon&8h bdtrat i on
drain 125. Further, if desired, an additional resin renoval shoe (not

shown)10magf dae Hestuandi sesendolayeri 38, 4By of azluleasbiheit Hespeaive sujagasspPlual

cur g caRoREohds dfiredeMBHSRIEL o il A ngreont Shnd B, g™

curing raghablepbr (AGIRARE (oifingITRAE ifitst ardiescadid Ibpersc30YPIEs | Ae usbd dwesinr k 20
being fornmed, to conplete the process of joining the |ayers 30, 40, and

har deni ngthehéchesmigaliy-aetive ingredieat” ernseB\sUbSiaRceghehis aapakieqf darmiBaber 5

10 of the,,fugs eBtald 6BRUABRS, bheritt HRART & Yitlet Al BFAHIE hsRbemEBhs Shias

15 another material in contact therewith. Suitable materials include primers and
coupling égents. The primers can comprise multi-functional and multi-
component formulations. One of the functional groups is capable of forming
chemical bonds with the material of the first layer while another functional group
or groups bond(s) or beneficially associate(s) with the second layer. An example

20 of such a material for potentiating the joining of a methacrylate photo-polymer
layer and a polyester layer would be an acrylate-terminated polybutadiene. Such
an ingredient can also have a secondary binder such as a vinyl copolymer (vinyl
acetate/chloride/alcohol terpolymer).  Suitable coupling agents include the
titanate and zirconate coupling agents sold by Kenrich Petrochemicals Inc. of

25 Bayonne, NJ. Without being bound by theory, it is believed that these tetra-

~ functional organo-metallic coupling agents based on titanium and zirconium work
because the central metal's tetravalency is conducive to electron sharing which in

turn enhances adhesion between dissimilar materials.

The chemically-active ingredient or ingredients may be inherently present

30 in at least one of the first curable material 300 and the second curable material
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used, the tenporary reinforcing element 60 can be separated or renoved from
the second |ayer 40 at the nip N2 or |ater when the deflection nmenber 10 is
subst ant ivad byodi9simed, dependi ng on a specific enbodi nent péTigkey/piCcess.
The present invention contenplates an enbodi ment in which one or both 10
of the first and second |ayers 30, 40, or at l|least their respective
surfaces of contact 31, 42, conprise(s) a chemcally-active ingredient or
|ngred|ents enable, or facilitate, joining of the first and second

Subst ancdidh %\'t%aﬁﬁ&bﬂé BhSinisei g% FRERIet PP Rhoreichh? e €8 BBy oo °

bonds or t@tatmaé‘t@n@r@mth@ REPARY abLONG cWidble HrienalsBo0, 0L bt at Ida3t eABt act
therewith. Suitable materials include priners and cougl i ng n IiIThe
dﬁlﬂnﬂl 8@

pri mers cdihe disgranseseeond layers susiaaes gheomact.i In Edapd eatflr$t Yons

One of t ; ' |, | f th th
materi al 2ored RAOrpARRY i 0B RalE PURR T 0B hei Sh B I M e pii 30 " 1
bond(sy) @t thenfist daped Boaw&ncamte@(oﬁecawrtw?g heargeaosecdray ehemicaligxaiivke 20
of such a material for potentiating the joining of a nethacryl ate

phot o- pouw@ﬂlent@é@hawaﬂaalbw%wﬂ@.s tp%w@rsp\vmddo'fyéha@oaerrwa&f%cq é2fifnat ed
| vb h
ROy b8 onit yernd Wl 8 EioaRE 2272 TRe thehipafalnedioh oA P o

coupl i ng chgenitally-activediagtddient(s)t lanﬁtbtatwmmant;obyathe cbemioahgoamettmnsol d by

Kenri ch Petrochem cals Inc. of 25 Ba ‘onne t hout bein nd b
theory. 1a7 g T5eh e SRCOM UG dnaigl AR S0 oRal CERgRIR hEeale ant

CO”p' 109 RUBALS ARRAL. ﬂ‘i‘atéh%l@“'%@‘ 380 2 1lr& O AP dnd aﬁfrﬁﬁﬁ@e t&'ehcﬁlﬁat ral
met I C

S tetravalency is conducive' to €l ectron shar| ng
enhances thess rsitiiectesire rard additionblaamoantof Hlesliquit phobesensiiveyreairt may

di ent d t 0 j n.at | t f
th firet ec‘ééauﬁcgrq?abéi‘qé@&%wn%e'&”&r9@6%985&?}%&“% Blclyingy a0@longh
02/ 06119%?%&&% Arrﬂ.g)phéﬂ; i RRGSALRAN - théhs pER&IM 83l WithC fésiQual

I ngredi ent or |ngre to at east one of the first and
second cunabd;mennﬂlépr@wtﬁomyemﬁo aodéw. | east one of the first and second
| ayers' surfaces of contact. In FIG 19, a first chemcally- active

i ngregs ent i s Qr&eRIibH Galkihey agthwitMappsediatertpabiprimyet, onirt ddditiom te thé dicst 31

and second chemically-active ingredients, various adhesive materials may be
utilized to enable or facilitate joining of the first and second layers 30, 40
together. It is contemplated that in such embodiments, at least one of the first
and second layers 30, 40 may be completely cured to the final hardness prior to

20 the step of joining.

According to another embodiment, one or both of the first and second

layers 30, 40 may be made by first providing a ply of a suitable material having a
pre-selected thickness and then forming a conduit portion therein. For example,

a plurality of the discrete deflection conduits may be formed by any conventional

25 means known in the art, such as by drilling, by a chemical process, by printing,
by a laser cutting, etc. If one of the layers comprises a semi-continuous pattern

or a pattern comprising a plurality of discrete protuberances, it can be formed by
providing individual discrete elements and attaching these individual discrete

elements to the other layer.
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5 of the first layer 30 with an applicator 127; and a second

chem cally-active ingredient is schematically shown as being sprayed on
t he bott owmsibeee 42 of the second |layer 40 with an applicgaiised?. The
chem cal conposition of such chemcally-active ingredient(s) is dictated
primarily by the chem cal conpositions of the first and second curable
mat eri als 300, 400. For exanple, if the first and 1o second curable
materials 300, 400, are identical and conprise a liquid phot osensitive

resin, an addi LjQn nt .of the |iquid phot SIIIV

applied to oneHﬁ %,ﬁfﬁg yehamatcplly ghiopgs \éer?lg §8d'nlﬁ’ §r°ef e anﬂéctlon

addi ti Onahen%’er’fﬂﬁbﬁfthé’ﬂré‘@ht /cHHiBA| hﬁél' d Proeess sor makl hﬁj@P@'dleﬂdctfcﬁﬁ' n
with residual nonomer still present | ayers 30 and . 15 One skilled in

the art wirldmbgpi8cusing theamaak n1@wfothe @resentamuemm having ndifferandial and

it i zed Doeaan REREblaen Sh e el BRIt BRRS! FalA B0tBr BeRfaf S 5o,

40 toget pgfstrudtings aﬁb‘f@nkﬁﬁmeatlﬁélvtdm&? lajeRUE! eEasHMpodie fedméwast Zme of
the first and second’|ayers 30, 40 be contgl etely cured to the final

har dnes; pcpm@rlsma a zrmltl%@/egtsérplcwrej J ihegexteric aﬂarﬁgnﬁﬁuaﬂm ﬁ%@n%%am rrent
one or bot €
provi di ng ageg T40f H gbpg%gﬁﬁgﬁ% g#e?%:éf %@gaorég?ée?)séﬁecrﬁz%"% ness and

then for nbﬂﬂ:e@s@é}ﬁbldbs@ﬁbéd aboVdén eencomext ok amkirey andndividual |aty1er adnd he
di screte deflection conduits may be fornmed by any conventi onal means

known in thesetpre wailld leaeaghly @PPF@Q'@de hyyone élﬁ@ﬁ‘iﬂd%fth%?ﬂc‘%@ou’fﬂﬁpﬁﬂ'ﬂﬁl ng,
by a lﬂseéll?ﬁgﬁé{éﬁs c%%ohffo%% Hgthy?&'cé rs conpri ses a seni-continuous
rn

atter ing a plurality of discrete protuberances it

fﬁQSé’ei ndi Vi du 'wasii%vt'sﬁ %443 e S e O R
PCT/ USO1/ ﬁ%ﬁansﬁér@m raéenaaﬁzssh@rmél gl @@mﬁssﬁwrmheeazm?wm@@n@f the
defl ecti on nenber the present i nvent i on roce maki n

such a defl nécqqrrmﬂser@hl@@st the (icst egagHe regiors ﬂﬂéaoma\ﬂm@etfgﬁ desd ppaciy.ednd on,
havi ng d'm[ﬁ égg%ﬁc% é)p&%@%clieﬁg St 198 HRHF He 2BESA opicity Mirdr8h A8 %he

process
15 first opacity. For example, the first opacity may be greater than the second

opacity. The first opaque regions 114a may have optical density that is greater
than that of the second opaque regions 114b. In the exemplary embodiments of
FIGs. 22A-25A, the first opacity is the opacity that completely precludes curing of
the areas (defined herein as “first areas”) of the curable material shielded by the
20 first opaque regions. In the instance of the curable material comprising a
photosensitive resin, most typically such first opaque regions 114a are solid black
that completely blocks light of an activating wavelength. At the same time, the
mask’s second opaque regions 114b, having the second opacity, allow the areas
of the coating shielded thereby (defined herein as “second areas”) to partially
25 cure, i. e., to cure to a certain depth, or thickness, while the rest of the thickness
of those second areas remains uncured. In the instance of the curable material
comprising a photosensitive resin, such first opaque regions 114a may be “gray”
that allows the curing light of an activating wavelength to penetrate the coating to
a certain depth thereof, i. e., through a certain predetermined portion of the

30 coating’s thickness.
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5 constructing any of the individual |ayers of the conposite framework 20
conprising a nmulti-layer structure. To the extent that a construction of
one of th@odxages 30, 40 is concerned, many steps of thi qaneHess7are

anal ogous to the process steps described above in the context of meking an
I ndi vidual |ayer, and therefore would be readily appreciated by one
skilled in the art without repeating lo all the details comon for the
both processes. As illustrated in FIGs. 22A-25A, and nentioned above, the

opadue regr ons etk GBnBRE of PeoBirable MRfece dacReReh TR0 o g

the first rnagdr ftorraih@ sduree S20antbugprisenasigil 00 halidpreltorisnef ditferetdiabnd
opacity different fromthe 15 first opacity. For exanple, the first opacity

Hay be” gr epaaly; ttharfirchareas ohdhe ginadingy whitte are r%ﬂelagﬁlmétheear%r&o% may
oot on. 1ieiof 1TahY rer@in, o dtelst b GIRD LBl tné RGyRE SAGnREG he

opaci ty i soatirey, eyl the ddvandcoreps ef they cpating, witdsh ews Bhigldgd by the seeawl
(defined herein as "first areas”) of the c?r ahb{l e terial shiel de(glf t he
20 first SpagdR regignsnd14bnremain yacurede opy (HeUghr afiettaiaRATAN Fokis i si ng

a photos i1 I @S| t i $5br0 ; ' ; a are
201 P bi afiRrgsY o B oty as) B Sk it Fltss | SEBEDROM SO PRSI Bete
t he sane theeurindediatiek'the second oppeityean égi dsehistich dsio prg-sdiectssabnd

opacity, allow the areas, of the coating, shielded there defi ned herein
as " sgcon@o%ﬁr%la% fj?s'tr%g@éﬁﬂt&flﬁﬁnﬁy aigp & the cyring ¢ %é'@ﬁ?%%(‘}{‘éﬁ PR Yept h,
or th'1%k“ﬁ§r6u%H"%' SsitddddRAt oLhidkigss IR erof ad ReRBnaARRASS eahe
remai ns uncured. In the i'nstance of the curable material conprising a
phot osenstransgareesiregionachi  iatlew ihparpsé of dhe cwemting4@aimpdeereyr ag “thitchat

coat i ng t 8roat b BF e tor Burain drelsrial 1Mol e ZRLE tiCBRCH B ebaling 1 nea

por tion ofqgdifad r?é}fﬁpﬁé kitet thidkhes kN C8S had Bl BIdedd BBoRET/ US01/ 50472
When the coating of the curable material is subjected to the curing

oL, oA BB A OB RS RRY S BoaRby:
by thersfi ssttiomeh@onfigurations of the suspended portions 49 can be created by using
the mask of the present invention comprising regions having differential opacities
and gradual opacities. For convenience, as used in FIGs. 22A-25, reference
numerals having parenthétical numerical suffix designate various exemplary
embodiments of the first opaque regions 114a (from 114a(1) to (114a(8)), the
20 second opaque regions 114b (from 114b(1) to 114b(12)), and the suspended
portions 49 (from 49(1) to 49(12)) and their back surfaces 49b (from 49b(1) to
459b(12)); while the reference numerals (112a, 114b, 49, and 49b) used without

said suffix generically designate these elements.

In FIGs. 22A-25, the first opaque regions 114a of the mask 110 cause the

o5 corresponding first areas of the coating to remain uncured through their entire
thickness and thus be removed from the partly-formed deflection member to form
discrete deflection conduits 35. The second opaque regions 114b, adjacent to

the first opaque regions 114a, cause the corresponding second areas of the
coating to cure through only a portion of the entire thickness of the coating, i. e.,

30 through the second thickness, to form the suspended portions 49. The rest of
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regions 114a, remain uncured (e. g., liquid) through the entire thickness
of the 5 coating, while the second areas of the coating, which are shiel ded
by the savondosiopaque regi ons 114b, remain uncured only theDugb/m4ert ain
portion of the thickness of the coating, as best shown in FIGs. 23-25. At
a given intensity of the curing radiation, the second opacity can be
chosen such as to pre-select and control a desired extent of penetration
of the curing radiation to cure the coating lo through a desired depth, or

thick“ess(h?%fahﬂ d; ler b”thﬁa ré&éf%?g @déﬂg%émeif@ﬁspa ?@gﬁbﬁ@tn@%q' ons

112 allo he rest "of’ he co erein as areas”) t

cur e t he themaasle 1matiecixpbsédh rt@ltigé'n cuhxaag eamiahm ttrhmughdhs tmfnspheardcreglcxmg

(defi ned rein as flrt th| , d abov

schemat i c1hea 3°§H6%\nt|hrPHQE % es\?aqftg Qge %ﬁmStrﬁ uré,®

sect | onalpd:p oI LRS- Qéctfohsu SRS B EIGRODBIN i R BLAARG LY
using the nas the present 1nvention conprising regions having

di f f ergnthaslesopacand giuradityd of rsaagpahdep auirtior A9 Hateraltyneatansling: fram theed in
FI Gs. 22A-25, r?ejff renc nunmer al s havi ng parenthetical nunerical suffix
desi gnat ep“&e?l] Q—ﬁf‘éréqary enbodi mrents of the first opaque regions 1l4a
(from1ll4a(1l) to (114a(8)), the 20_second opague re lons 114b (from 114b(1)
to 114b(12)), FeiEXaerley3psheum nddEs: erd iy ?Srﬁ%n mfpetﬁgcwémﬁﬂugnd

nuner al o OESE P sPRgcallf TiAGN Bhickign oAy akd adjiter? 4 SR BLRLARSF
B g o oompe dmréﬂffﬁsézm%@ mg%]??i't?ga Ophipere e guans 11 H2
el 10 Lramalga, hﬁﬁjgﬁswﬁegrﬁ@ wosk 0 CUHRESES, A USRI oSS o ¢ he
partly- fﬂadar%g dl"?efl\hﬁ ntsu”é?%%’f di mfo%fgha?)gﬁc?ﬁgﬁ’etgeaéﬁ&fﬁoﬂ”cﬁmw B 3°.

The seco ague r Jacent first opaque regions 114a,
cause t hednsmnsedrihrmhg’rg)meberfdaraewam 20. tBach obdhé pfleoticuconthit® @ghisonl y a

f th ' hi ck ' i...e. h h th
Cecond « HeTEeed b e Piebriids s b ausproren oS ad togdeddfomeie
027061191, nasg;ﬁglésgééoﬁ%ﬁ?east Mlcﬁpéié B@red onlf-th thrdd@fh hpdrioR'd? aRe Catingrondi ng

to the tra rent regions 112 of the mas I s exposed to the curing
r adi at'$ orthickneag (FIGheé23)r anspar ent regi ons

In FIGs. 22A and 23, the mask's second opaque region 114b(1)
comprises a constant, non-gradient opacity, while each of the second opaque
regions 114b(2), 114b(3), and 114b(4) comprises a gradient opacity. As has
been noted above, using the gradient opacity, one can create suspended

20 portions having differential and gradually changing thickness, as well as the back
surfaces 49b having differential shapes. For example, in FIG. 23, the back
surface 49b(1) of the suspended portion 49(1) is substantially microscopically
monoplanar and parallel to the X-Y plane, because during the curing it was
superimposed with (and thus partially shielded by) the mask’s opaque region

25 having a constant, non-gradient opacity. At the same time, the back surface
49b(2) of the suspended portion 49(2) is tapered, or “angled” relative to the
backside 22, because during the curing it corresponded to the mask’s opaque
region having a gradient opacity. One skilled in the art will appreciate that a
degree of a taper and/or shape of the back surface 49(b) created by using the

30 gradient opacity regions depend(s) upon a particular pattern of distribution of the
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112, to cure through the entire thickness of the coating. The resulting
structure, best shown in cross-sectional views of FIGs. 23-25, conprises

t he pl ur avoovyoafiols bases 30 and plurality of suspended porPCT@ROUB4t2at eral |y
extending fromthe plurality of bases 30. For exanple, as shown in FIGs.
22A and 23, sone of the second opaque regions 114b, specifically 114b(1)
through 1 14b(4), are adjacent to and surround the di anond-shaped discrete
first opaque regions 114a. After the curing is o conplete, the resulting

f ramewor rg&e?\?%byﬁh gB%&@éW eq'}bll\é’ ﬁ‘%’"ﬁﬁ' BHQM? ﬁgﬁéts‘%lrsggﬁ&éd ggrt%ns

pluralit dra I'screte deflection urts persed
t hr oughowt9(Bhentir4o(dyvard sBGwnEadﬁGof23 he hawfrigetticirdmacosaidadces 430 (33 and

coat | ng: ALY TASEFORETMAEYE MLmuhially GRCP BRGNS, ich IR b
coating’ §,, &sﬁ%ﬁé{%@ﬁsoﬁ ﬁ&su%ﬁndéd’g&h@ﬁs 2P Bafsk %‘?’eatba §||ﬁ sng,,g_cond

opaque region conpris a cohstant, non-gradient o Clt

each of tlimeaslgccmahgipgguadienegpawity. 114b(2), 114b(3), and 114b(4) corrprl ses
a gradient opacity. As has been noted above, using the gradient opacity,
one can creat eNhile pedsubpzhdedr portinas sy shgwdi ihf EIGHNtA24 andd2) cathisey
changi ng thickness, as well as the_back surfaces 49b hz,-1(¥gI dlfferentlal

shapes. FERNHIRY Mewo | uspendefdportigns,t FiG$ 238 angh 24 shono o pygPendesended
por ti on gc?cﬁr%né %19%%&@3;5@# % g&&r%ésem Y thd"RROR- 0afond aﬁaipggg to

the X-Y plane, because curing It was superinposé
t hus par tsuspepdeti grtieds ldﬁ)shdvm nraﬁstZérthjgesrta@ ad;a@énhhaseagB@. dderst ant ,

non- gr adi ent, opaci t At the same back rface 9 of the
oS poHlecgn NG sasdnshonas e parn 145 ahiheddask aiiR samegornes agie; de

22, becau%% %ﬁg 6&6]f§/eaﬁ§rth%;i%éﬁslpﬁﬁ:gﬁ§gﬁ&ﬁ’cﬁﬁg%ﬂsb@ﬁdéﬂaﬁbrtﬁnomg)lﬁas legi on

haV| ng a nt’ o I'n the"art wll appreciate that a
degr ee ofcanstapiahickness mnsihasabstantially pkaciar m::kaw@‘atte(l@b(ﬁ) paraddl toythesi ng

i st i batasioble 2heY hrarstusy BaTeueTben) AlanF saTRme: e TGS
the opaquggigifl PIdb(efand™ fRATPhave bﬁﬂeﬁ'lésé?eg"lﬁaiérﬁ%rpbb@i% therein, and the
15 suspended portions 49(6) and 49(7) have their respective back surfaces 49b(6)

and 49b(7) shaped as curvatures. The suspended portion 49(8), corresponding

to the second opaque region 114b(8), has its back surface 49b(8) comprising a

sinusoidal, or “wavy” shape in the cross-section. The framework 20 exemplified

in FIGs. 22B and 24 is substantially continuous, with a plurality of discrete

20 deflection conduits 35 dispersed therethrough, a central portion of each of the
deflection conduits 35 being partially “covered” by a suspended portion 49. FIG.

24 also shows the pattern of protrusions 115 extending from the mask’s bottom

side 110(b), as described above.

In FIGs. 22C and 25, showing another exemplary embodiment of the

25 framework 20 comprising the suspended portions 49, each of the second opaque
regions 114b of the mask 110 is shown to have a constant, non-gradient opacity.
However, these opagcities are differential relative to one another: the second
opaque regions 114b(10) and 114b(12) are less opaque than the second opaque
regions 114b(9) and 114b(11). Consequently, the suspended portions 49(10)

30 and 49(12) corresponding to the second opaque regions 114b(10) and 114b(12),
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49(3) and 49(4) are shown in FIG 23 as having their back surfaces 49b(3)
and 49b(4), respectively, curved in mutually opposite directions. Such
shapes of wigwnsb®gk surface 49b of the suspended porti ons p¢G/giste2cr eat ed
by using non- 5 linearly changing gradient opacity. Wile the suspended
portions 49 shown in FIGs. 22A and 23 conprise "cantilever" suspended
portions, FlIGs. 22B and 24 show "bridgi ng" suspended portions 49, as
expl ai ned above. As viewed in the cross-section, each of the suspended

portions 49 sh i n_Fl 24 bri dj i 0, I in,
Phe secontearpadvey: Bgve Pestusiey BioudieR derfE THbIieS3nd da shE aboyfaR™ "
gradi ent, yp@Rs than and duxpehasyl béﬁ@n@%Q(@?wim1 PuspaBdpondiagt icothet9( 5)
has a constant thickness and a substantially planar back surface 49b(5)

paral | el secent oppaurgeaivnes21 thb(handekidh(i h)é reppertiveiw do FlGs. 2Re
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portions 49 can have differential thickness.

FIG. 25A shows another exemplary embodiment of the process for making
the deflection member 10 of the present invention, using the mask 110 of the
present invention comprising the pattern of transparent/opaque regions and a

20 pattern of a three-dimensional topography. The mask’s three-dimensional
topography comprises protrusions 115a outwardlyu extending from the top side
110a of the mask, and protrusions 115b outwardly extending from the bottom
side 111b of the mask 110. When the mask 110 is placed on the top of the
coating of the fluid curable material 30, the pattern of protrusions 115b,

o5 extending from the bottom side 110b of the mask 110, is submerged into the
coating thereby excluding the fluid curable material 30 therefrom and thus
forming a corresponding paitern of depressions in the coating; and the pattern of
protrusions 115a, extending from the top surface 110a of the mask 110 and
comprising voids structured and configured to receive the fluid curable material,

30 receives the curable material 30 that fills these voids to form corresponding
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respectively, have been cured through a greater thickness and in the result
are thicker than the suspended portions 49(9) and 49(11) corresponding to
the secandogpague regions 114b(9) and 114b(11), respectiperysoldnatl Gs. 22C
and 25, there are two kinds of the first opaque regions 114a, based on
their 5 geonetrical pattern: the first opaque regions 114a(9) conprising a
plurality of discrete circular areas, each enconpassed by the discrete
transparent region 112; and the first opaque regions 114a(10) conprising

Tiaa, 1L4BORGHORS (AR oBn R iRl sl 3 E T T A SRR oL “HHEET
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fluid curab 81V Bs cura er| a ‘hat
t heseqyoildget of fray ManmwekP20|divhgn rﬁé)de using the mask 110 illustrated in FIGs.
22A-25A, is an integral structure having no visual “border lines” separating parts

thereof.

It is to be understood that the mask 110 may have a third, fourth, fifth, etc.

differential opacities, which would enable one to create a variety of three-

20 dimensional patterns of the framework 20 of the present invention, all of which
are contemplated by, and within the scope of, the present invention. The
foregoing embodiments of the deflection member 10 of the present invention
should be construed as mere examples which are intended to illustrate a variety

of possible variations and permutations of the mask 110 and the deflection

25 member 10, but not to limit the present invention. One skilled in the art would
appreciate that virtually unlimited number of embodiments and variations of
geometrical shapes and mutual positions of the bases 30 and the suspended
portions 49 may be formed using the mask 110 and based on the principles of

the present invention described herein, which are all included in the scope of the

30 present invention.
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WO 02/ 061191 PCT/ US01/50472 projections 39 on the woul d-be web-side '21 of
the framework 20 being constructed. The pattern of opaque regions of the
mask 110 wioooveimiFI G 25A has differential opacities, aaessonisose above.
The first opaque regions 114a 5 conpletely block the curing radiation,

t hereby causing the curable material corresponding thereto (i. e., the
first areas) to remain |iquid. Upon renpoval of that |iquid curable

materi al, conduits 35a and 35b are forned, the conduits 35b being forned

in the suspend i A TRE : I RS, b he
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t hree- 2o the meetssisieal 1 ptavtards sthef backside 22eabtke doarvewore 26 beingt made.

I nvention,.all,  of I ch are contenplated.by. and within the scop f..the
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of t heypr geeafe ui@pegéd%n a Blseadd, hee G OBRIAIRLY 8F “STRipenadalTraH theiglanar e
intended to 1llustrate a variety of possible variations and pernutations

of the maslefingd bynidhet betterafdustacexf the layereeing amadest ormigem: ibel haaksidend2

Gt 1 m e halBArAIPRL o fededh aeln sadves PBicen MEBRRAMfed BRLytisLadE
nut ual  posini pBSpIahe tdiginBaIRsthetbaskdide122 s Us etpdss! undersibod shatwinay tiie
formed using the mask 110 and based on the principles of the present

i nvent i on presessi iBatsenldiosimaking porindivislual layrh (3l afrd Mwlli-lyspeoBPosiie 30
pr es'enjfs | BEREEE S member 10, the curing of the coating may be conducted from either
the top side (31, 41) or the bottom side (32, 42) of the individual layer (30, 40)
being made, in which instance the suspended portions 49 can be elevated from
the plane defined by that surface which is opposite to the surface first receiving

curing radiation.

20 The distance between any given suspended portion 49 and the X-Y plane
is defined by a thickness of the uncured material that has been removed from the
member being constructed. The suspended portions 49 can laterally extend
from the bases 30 in at least one direction. As used herein, the term “lateral’ and
permutations thereof generally mean an orientation which is different from the Z-

25 direction, including but not limited to any direction that is substantially parallel to
the X-Y plane. It is to be appreciated that while it is said that the suspended
portion 49 “extends” in at least one of the directions substantially parallel to the
X-Y plane, the suspended portion 49 itself, as a whole, does not need to be
parallel to the X-Y plane.

*

30 Fibrous Structure
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71 WO 02/ 061191 PCT/ US01/50472 After the uncured, or liquid, material is
renoved, the cured, or hardened, material is left to formthe framework 20
havi ng awoesahected pattern. The third areas that havepbegRogised

t hroughout the entire thickness of the coating form the bases 30; and the
second areas that have been partially cured through only 5 the second

t hi ckness formthe suspended portions 49. Since the curable material can
be cured fromthat surface of the coating which will formthe web- surface

21 of the fra r i : ond . tn . t he
web-si de 21t onlpdee AL ML SRAAER meRber B R Bk S RAIG LR TmbE e
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be el evated fr plan fi y ate. sur f a¢ Leh.is e to
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In one embodiment, the first plurality of micro-regions 510 has a relatively
high density, and the second plurality of micro-regions 540 has a relatively low
density. In another embodiment, the first and second pluralities of micro-regions
510, 540 can differentiate by their respective basis weight. For example, the

20 second plurality of micro-regions 540 can have a basis weight that is greater than
that of the first plurality of micro-regions 510. All such embodiments are included

in the scope of the present invention.

According to the present invention, the second region 540 comprises

fibrous domes 530 that extend generally upwardly from the first plane, and a

25 fibrous cantilever portions 549 that laterally extend from the fibrous domes 530 at
the second elevation. As used herein, the term “dome” is descriptive with
respect to the fibrous web’s cross-section perpendicular to the X-Y plane. The
fibrous domes can comprise a continuous pattern, a semi-continuous pattern, a
plurality of discrete elements, or any combination thereof. The term “fibrous

30 pillow” (or simply “pillow”) 540 is used herein to define the dome 530 and the
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30 Fibrous Structure 72 WO 02/061191 PCT/ USO01/50472 One use of the

defl ection nenber 10 is in the production of an inproved fibrous structure,
such as, Woo2/e¢aspl e, a paper web. Wth reference to Fl GspcB®sodsba7at he
fibrous structure 500 of the present invention conprises a first plurality
of mcro-regions (or sinply, a first region) 510 having first properties,
and a second 5 plurality of mcro-regions (or sinply, a second region) 540
havi ng second properties. The first properties are different, in at |east

one respe Gk C i ‘ L. FI . 26z e
first regfg%rr\mé\i%érﬁgﬂ%%a%fqlgﬁ&hgqﬁ%éﬁg@c@%%g%%n H&ﬁﬁ?ﬁ}f %%%eég&l nes a
first planthpesspeceltot ethdtheorkeY 530aneThe Yibrdlie pillows 9o Xdnprase a first
el evation. The second region 540 outwardly extends fromthe first region

510 (or fFeMiRURsISIRtiaMpR Semiwontindeus Rattemy v pidradity af disetate glafeeMenai cul ar
to the fip! !}ﬁﬂ? | the Z-direction), to define a second elevation.
It is to %é’t’ﬁ:ﬁ er's%t(@gdtht%ﬁ%?f'the "second el evation" need not be uniform i.
e., differentigl portions.which formthe secaon egi,on, 540 can have
Gifrerantial  BEoREN e fbuGneadlifken AR Rar GBI GHERT B me

m cr o- r egfipiRisddnb8530 diehatdetshdl eldvagibndatiality 6Msbdkess 560 @Behpsiig! ity
of mcro-regions 540 has a relatively low density. |In another enbodi nent,
the firstsdbpriagbalbhdoigl spagast cas ber farmadobegarmihe Hisd, reginm 836 and the

ol ur al 1 0 B0y SRl BERBES 408 TREbE i s GRMIE Rafons "L REf “Than
that of t beardacteristipl puokets B60fddtinet bdivgenrihe =kBa il theSirshreziidiodin optHes are
included _in the scope of the present invention. According to the %resent

i nventtPonfibios derpes d30eextendingahetsifamsard the fibmus erinbevesFepriienRs 54%t end
N ' | ' '
ggp'?ir gnsygggw Yq i;ﬁgrg)a??gaidx?ga%ﬂf ?@ﬁqar gg?ﬁbdrlgeigé ?]@l“r;r%s %3%;?# ?thges econd

el evat i onsubstantiaity Vsideiotketd860,ethen filton® strustutke SOOI ¢it theeprebét investiect to
the fibrous web's cross-section perpendicular to the X-Y plane. The
fibrous dmeRelie¥RdcéAprxRiita VeBnt NElour par taYeN Basia mneigiit i RRRATBERG! t er n,

a characteristics. The pockets 560 are characterized by having none or very little

15 amount of fibers therein. One skilled in the art will appreciate that due to a
process of making the fibrous structure 500, as discussed below, and because of
a highly flexible nature of the fibers and the fibrous structure 500 as a whole,
some amount of individual fibers present in the pockets 560 is tolerable as long
as those fibers do not interfere with the designed pattern of the fibrous structure

20 500 and its intended properties. In these context, the term “substantially void”
spaces / pockets is intended to recognizes that due to a highly flexible nature of
the fibrous structure 10 and individual fibers comprising it, some insignificant
amount of fibers or their portions may be found in the pockets 560, as long as
these pockets 560 could be easily distinguished from the rest of the fibrous

25 structure 500, as best shown in photomicrographs of FIGs. 32-41. A density of
the pockets 560 is not greater than 0.005 gram per cubic centimeter (g/cc), more
specifically, not greater than 0.004 g/cc, and still more specifically not greater
than 0.003 g/cc.

Typically, -the fibrous cantilever portion 549 is oriented in a general

30 direction parallel to the first plane, as schematically shown in FIG. 30 and 31 and
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plurality of discrete elenents, or any conbination thereof. The term
"fibrous 30 pillow' (or sinply "pillow') 540 is used herein to define the
dorme 530 wphtogeror 73 WO 02/ 061191 PCT/ US01/ 50472 canti | evpgrr/gswisi@n 549
extending therefrom if such a cantilever portion 549 exists wth respect
to that done 530. The fibrous pillows can also conprise a continuous.
pattern, a sem -continuous pattern, a plurality of discrete elenents, or
any conbination thereof. 5 Because the fibrous cantilever' portions 549

| aterally exte h | braus. d t qa
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formed betiMgethetittRolis tahtileegi 9ovibAS 548ds bfientdd, lor Seidendfitparalietto o firsdns
549. Thus, the fibrous cantilever portions 549 form characteristic pockets
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i nterfeye dbhBnidhér tﬁ@ﬁiﬁl?ﬁﬁor??ﬁérﬁlﬁ& iy of‘ﬂ% hreBERUBVERtigst ure 20 500 and its

i nt ended properties. ese context, t term"substantially void"

spaces / poc ket;chig?%ihgttsqﬂsqpé&tfo g%g@l?&ﬁ%ﬁﬁﬁggg@ diGeRsiyngsY e beee! €

nature of the struacture fibers conprising 1t,
some i nsi @0 canbe atdeasind.3ohillfrhbier sincsorhé @mbgudintentsiat femst 07 fulinteten t he

From the Hestl s emacsiDesisosl BepubFAIBeE, 430 5L SHRLPTRODTENS
o IR S e e e B by phecisl andilop athe
not gr emt eyockbhBe0.i9Aéfigéd @s thedosgedt|parameterpefahbi pomkey ares, agrdawed in
a cross-section perpendicular to the first plane, and measured in the direction
substantially parallel to the first plane. Stated differently, the maximal horizontal
dimension of the pocket 560 is a projected (i. e., “horizontal”) length of the fibrous
cantilever portion 549, as measured from a side wall 543 of the fibrous dome 530
20 of the pillow 540 (FIGs. 30 and 31). lt is again pointed out that because of the
fibrous and highly flexible nature of the product, in some embodiments it may be
difficult to precisely outline the exact boundaries of the pocket 560, and some
approximation may be needed, for example, exclusion of some individual fibers
extending from a mass of the fibrous dome 530 and/or its cantilever portion 549.
25  Still, one skilled in the art can easily reproduce the images of the fibrous structure
500, similar to those shown in photomicrographs of FIGs. 32-41, and make all

the necessary measurements, using the following equipment.

Photomicrographs shown in FIGs. 32-41 were taken with a Hitachi S-
3500N Scanning Electron Microscope (SEM) in a "normal mode." Acceleration

30 voltage was set from 3 kV to 5 kV to acquire a crisp and clean image.
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than 0.003 g/cc. Typically, .the fibrous cantilever portion 549 is oriented
in a general 30 direction parallel to the first plane, as schematically
shown i nwb@naddiand 31 and 74 WO 02/061191 PCT/ US01/ 504¥2T1/us01/50472

phot om crographs of FIGs. 32-41. It should be understood that while it is
said that the fibrous cantilever portions 549 is oriented, or "extend,"
parallel to the first plane, the fibrous cantilever portions 549

t hensel ves do not have to be parallel to the first plane. As

oot om o RS, o SR ot S L Bp8T, S8R0yl BeP Rk B 549
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differently, the nmaxinal horizontal —dinension of the pocket 560 I's a
pr oj ecPed(qritheesecontbregiont) And) theepiiew. dihe: first plusaldy of naigra-regions 5812 i on

oi 11 ow 540 s, SBRRertobbatf orohiiarn S5 18R e “BRErBeee Bl T e
fibrous ap@rrésgdiding lt€>thé| gtz Wi ehefpréSigmabRdtsritinuons SesE-cenkeihgwis 1t
may be difficult to precisely outline the exact boundaries of the pocket

560, and 3bon@f thgdrarewerk &9 @hytheedalieglion meambekdfpra, whigh the dibress some
2o vid £ ; _ ey A
cant 11 everBIRRE S00CHeE MR SHEaofls S0 ke istitedd MrogdBoffine™ 11
r epr odacewhble ohtigesei®fork regibnpseparasdéd frohioae rdthershyrineanetwork regiens hown

'n phot omég& Oe%gl?dhSéu?v]:/arlcz:lllye?rbm?’tzﬁell%ﬁst%rl]gnen?okr?ne% Iay the network region. FIGs.
32-41 show photomicrographs of several embodiments of the fibrous structure of
the present invention, having the pockets and comprising the first plurality of
micro-regions in the form of a substantially continuous network, and the second

20 plurality of micro-regions in the form of a plurality of discrete fibrous pillows, each

comprising a fibrous dome portion and a fibrous cantilever portion.

Another, prophetic, embodiment of the fibrous web 500, shown in FIG. 28,
comprises the first plurality of micro-regions 510 forming a semi-continuous
pattern, and the second plurality of micro-regions 540 forming a semi-continuous

25 pattern of the pillows 540. Still another prophétic embodiment (not shown) of the
fibrous structure 500 comprises the first plurality of micro-regions 510 forming a
pattern of discrete areas, while the second plurality of micro-regions 540 forms a

substantially continuous pattern of the pillows 540.

The novel fibrous structure 500 of the present invention has a sufficiently

30 increased surface area, relative to comparable fibrous structures of the prior art.
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t he necessary neasurenents, using the follow ng equi prent. Photom crographs
shown in FIGs. 32-41 were taken with a Hitachi S- 3500N Scanni ng El ectron
M cr oscop®O(03bh19i n a "nornmal node." Accel eration 30 vol Pagaseaso43et from
3 kVto 5 kVto acquire a crisp and clean inmage. 75 WO 02/061191

PCT/ US01/ 50472 WMagnification was set anywhere from 35X to 50X, in order to
view the level of detail desired. Al sanples were nounted on netal sanple
hol ders and gold coated for imaging. Sanples were mounted such as to
acquire a rqss sect,i 0
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oi |1 ove 543087 Soai i BriMelot o st PIRNS (Bl cepositetVE oL R SulBRE,
separ at ed dreamfahe mohh&éghm 54 ineiowdiked gt epproxinthiec it Adeded Viskisddy
fromthe first planeforrre t he_net wor k region. FIGs. 32-41 show

phot o cr oyt Hjghih %ﬁon%mr%wh%%m fiRsAys SHfJC’&Ulﬁ% 500peserapified in biGs. 241 he
present| F‘A(%é&ﬁmﬁ@;ﬁofﬁﬂet?ﬁnpgfég@%ﬁﬁng i d@h“&d he cie%ffn%H B{/Uégf oLy of

m cro-regions 1n rmo |aI nuous net wor k

second 20 appmmmatglyocbuthmmgcarr egemﬂs;anhgﬂn%oﬁpormbép@, ¢fl thedhdividuaf prﬂowcr ete
fibrous p|| ows, eaca nprising a fibrous, done g?rtl n and a fibrous
canti | everdbras iawe H'&%PSS BF6 ﬁ%b??@enéw@futﬁéh 163 &1 i br ous web 500,

shown in FIG 28, conprises the first Rl urality of mcro- reP| ons 510
fornming a seni- _lpoRlGnude<1, aa skiled dndhehert sesorrRdilyudraw ey firg generally
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15 that “stick out.” For example, FIG. 30 is intended to approximately replicate
(without regard to the scale) the configuration of the pillow 540 shown in the
photomicrograph of FIG. 39; and FIG. 31 is intended to approximate (also .
without regard to the scale) the configuration of the pillows 540 shown in the
photomicrograph of FIG. 36. In FIGs. 30 and 31, the points 541 and 542

20 conventionally designate the “beginning” and the “end” of the line representing
the perimeter P of the pillow 540; and a distance between the points 541 and
542 defines a cross-sectional base B of the pillow 540. Stated differently, the
points 541 and 542 approximate the points at which the line representing the
parameter P intersects the plane of the first region 510. Then, with the

25 understanding that the resulting line only approximates the cross-sectional
perimeter P of the given pillow 540, one can easily measure the length of the
resulting line representing the parameter P, as well as the length of the base B of
the pillow 540.

According to the present invention, a ratio P/B of the cross-sectional
30 perimeter P of the pillow 540 to a cross-sectional base B of the same pillow 540,
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fibrous structure 500 conprises the first plurality of mcro-regions 510
formng a pattern of discrete areas, while the second plurality of

m cro-regwe®@/af@iforns a substantially continuous patt erperofsoiBes7pi | | ows
540. The novel fibrous structure 500 of the present invention has a
sufficiently 30 increased surface area, relative to conparable fibrous
structures of the prior art. 76 WO 02/061191 PCT/ US01/ 50472 By

"conparabl e" fibrous structures of the prior art it is nmeant those prior
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| i ne gener al I% outlining the conf i(gurat lon of a ?i ven pillow 540 and,
di sr egar did fiPrRHS, sHUGIUre jshemdn In BlGn 4P, astalativedy fow-densitepillgyy éegipnds 30

i's intendeg & LRt el i i h
cont 1 o) atiosiShaREf R 6HB! B o B idttohaly nERAAK Brb 16 SRR abTC
and FI G 30.s Thet gilowds4® of ipss @xiomatriesttadtee, sehehwiicalgghowntia Elike 4% al e)

the confiquration of the pillo 540_sho in. the photom croqgraph of FIG
36. In FI %@.S 8oPeimeter Si‘ ha"h& Rage FAh. -ﬁﬁ% rgﬂ?%ﬂ%oﬁv@ﬁ?‘i“bﬂgﬁ’IWh‘BBs'?gnate

t he "begi rg?g’rg] . P i : | 4 r ' j P of
the pillow 48(;:&1@%'03\;%tgtggﬁggo%g%\?ﬁgnb? g ﬁ%{oﬁ??&lﬂ&gﬂ%ﬁ@gﬁﬁ%@?%ﬁn&a
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541 and_5 approxi mate the points at which the line representing the

par anei®r TBTPUT STUGLES of NS praet gventians svan frisditsaus BlowREH0 CamPiSe ne
only the fibrous dome portions 530. As has been pointed above, in some
embodiments, at least some of the fibrous pillows 540 might not have the

cantilever portions 549.

The fibrous structure of the present invention can comprise a laminated

20 structure. FIGs. 43 and 44 show two prophetic embodiments of the laminated
fibrous structure 550 of the present invention, each embodiment comprising two
laminae 500a and 500b. In FIG. 42, the two individual laminae 500a, 500b are
joined such that their respective pillows 540 having fibrous cantilever portions
549 face one another. It is believed that the present invention allows one to form

25 plies so structured that they could be joined together by using their respective
fibrous cantilever portions, as schematically shown in FIG. 43. The plies so
joined would have a limited movability relative to one another, primarily in lateral

directions, without tearing of either one of the plies or separation thereof.

In the laminated paper structures of the prior art, laminae are rigidly joined

30 together (usually, by an adhesive or mechanically, or by a combination thereof)
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25 understanding that the resulting line only approxi mates the
cross-sectional perineter P of the given pillow 540, one can easily

measur e twie@okeq1@h of the resulting Iine representing thecpasemdier P, as
well as the length of the base B of the pillow 540. According to the

present invention, a ratio P/B of the cross-sectional 30 perineter P of
the pillow 540 to a cross-sectional base B of the sane pillow 540, 77 WO
02/ 061191 PCT/ US01/50472 taken in a cross-section perpendicular to the

first pla ' 4/ 1, ;] . ' S iiS..at | t 6/ till
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present invention is S|t%n| frcantly hi %her than that of the structured 5

papers of Of ePgFatin &ft thepindividyalsshegti o hareloge, ggringdthes uspowhen the
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pr oduced Eagﬁ@%{eb% %ﬁ%%@ﬁ%%@éﬁ“@éﬁwa%y‘&gﬁ%%?&’ﬁ{ﬁ'@gu? 8%%&% cg, I n
con}mnlsy aa?tma"lﬁigid ¢dﬁ;r;mﬁrt1ientof4h63ﬁdi8mfl Eheﬁb&oMﬁnisim@ithéA@ﬁhﬂt@é b the
outlines a fragment of the prjor_ art fikhrous structure shown in FIG 46, a
rel ativel 9%@3&&%@ >th®iflpx@ww ghthase lm'aaf@ésiémrwafeaéh%m?ga%ofaone

| ativel N5 ' ik b S ' i i | 640
of the. pr PoPRIoFER e ELMRRKIBNAS lamirsy BELRRG A1 tnBE DondpBidH, rhay"
peri nmet er b@lcanpromibade N8tlintdmding dbilee MHitBH bys theduyyt the applidaint thelisves

significantly |lower than the ratio P/B of .the fibrous structure 500 of the
o st - Tias e Fometaneeite TmAIR0.IRBISnIgy A aiide bOHEDRBIBg LGNGOty be
had i nnt h fy r ; \ b hE o
fibrovS pelP i I MIHF LR Ass URENPHERGTSY e ERhIRDd STUBDIE IR o
been poi npddr athiove, in sone enbodi nents, at |east sone of the fibrous
pill ows 540 m ght not have the cantilever portions 549. The fi brous

structure of the dongeshtwithmventprion adnireommdivideal shesisng00d, 5R0bsof thud ur e.
FIG. 43 and 44 show two &gé)phet i c.enbodi nents of the lam nated fibrous
st ruct ur elaBipaigd shchiresesd showdhin diG. ebt RreniRligveanio benplliesihdnevd

o e, SRR RO TRo oy 8.y P Rl A7 BB 000
cant i |&vewithout ieanisig of either the sheets 500a, 500b, or separation thereof. The ability
of the individual sheets 500a, 500b which form the laminated structure 550 to
move relative one another is accomplished by providing a non-rigid, flexible
connection between the sheets, due to a highly flexible nature of the pillows 540
and their fibrous cantilever portions 549. In FIG. 43, the sheets 500a, 500b are
20 believed to be able to move relative each other, primarily in lateral directions. In
the sheet wherein the first region 510 is substantially continuous, the integrity of
the first region 510, which most typically provides strength in the fibrous
structure, is not affected by the ﬂexibility of the pillows 540 and their fibrous
cantilever portions 549. At the same time, since the respective first regions 510
25 of the individual laminae 500a, 500b are not directly aitached to one another,
when the laminated structure as a whole is deformed, the possible inequality in
deformation of the individual laminae is compensated by their lateral movement
relative one another. Thus, the movable connection between the individual
sheets 500a, 500b minimizes potential excessive tension and/or compression of

30 the laminae 500a, 500b.
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549 face one another. It is believed that the present invention allows one
to form25 plies so structured that they could be joined together. by using

their respeoiineiger fibrous cantilever portions, as schenat pcaiukyr/siown in
FIG 43. The plies so joined would have a limted novability relative to
one another, primarily in lateral directions, without tearing of either
one of the plies or separation thereof. In the | am nated paper structures
of the prior art, lamnae are rigidly joined 30 together (usually, by an

pCT) Uso1/ 50472 Budietsstie g f e PrRan < B8UbARH U iftar A Palen, B e
relative tmyimefdd Fibidue Stradiuvé caral MéwedsOf dvahotactirihgd Sanmestt gRlagt Duct ure
i s not possible without tearin or separation of the individual sheet.

Ther ef or eTraithanhgSerial BeebarRe984406) dlachancaert: 19 (199¢, pdowad vy Op,
subj ect ed%b@? bﬁgﬁé Eg% é{amh% 26! gagg,ggﬁtcﬂﬁqos%é @qpﬁé$%6£tbg'r%r8@nlg\?Ct lon

of the indrvidua S CO SIh am nates—o rror ar fects
the fl exi fdfeidnceof Thiesapplivatioat tsachekhar lainsinateidh éibrouse gtiuciuref inomhictor
both of the sheets conprising the |am nated structure, or their connection,
may be claminagidedsblRde MeveHglatyetneanptharwitheyi) tepdRg o saparaligh PEant

e v, PR g AP CEr S L Y AR B by e

and buckl 'ng)  of one or 'bo am nae af ty of

t he | am nbordingt matdrniale Hyomethanically @ngaging uUpsiaodingaéibers treatde qr itlee art,
t he indivjdual sheets 500 500h of the |amnated structure 550 shown in
FIG 43 alde 'ﬂ%@HH‘aF%SSEt%lla@'F%e’rﬁf acgmpingtionyieretiot her during t he
use of the lam nated structure by a consuner, 15 wi thout tearing of either
the sHeets 500l FhGoy4, dhe degividual minaerelfa, 50 are eingd sychithat their

I ndi vi dua t mhi . : ' . d

mve r ol AT vRoae PRI NGRS b R AR, SA0TER Yt o
flexible teoboiide of thetlawaatéd strsibret550]uét isobalidvedhthyt Sletxisbbructatair e of
the pillows 540 _and their fibrous cantilever portions 549. In FIG 43, the

sheets 50080 Bovisleacahanced| shsasbency sbagnteristicsnel dhe crestitant mpinateter
primarily.4 | i ; L i fd eglion 510
<" subst afTebT BEind A ghe ATutsie sufecs Bk B SR BEMEE, o
nmost t1gpi bpldxpopingvon dhe stutsidgttheipodkbts 660 rformed by adjacent fibrous domes

530 and the fibrous cantilever portions 549.

It is to be understood that an embodiment (not shown) of the laminated
structure 550 is possible in which the pillows side of one of the individual laminae
is joined to the side opposite to the pillows side of the other [aminae. It is also to

20 be understood that the laminated structure 550 comprising two laminae is merely
an illustrative example, and the laminated structure 550 comprising more than

two laminae (not shown) is contemplated by the present invention.

Process For Making Fibrous Structure

With reference to FIG. 42, one exemplary embodiment of the process for
25 producing the fibrous structure 500 of the present invention comprises the
following steps. First, a plurality of fibers 501 is provided and is deposited on the

deflection member 10 of the present invention.

The present invention contemplates the use of a variety of fibers, such as,
for example, papermaking cellulosic fibers, synthetic fibers, or any other suitable
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structure, is not affected by the flexibility of the pillows 540 and their
fibrous cantilever portions 549. At the sane tinme, since the respective
first regwe®si®125 of the individual | am nae 500a, 500b mreywekodbrectly
attached to one another, when the lam nated structure as a whole is
defornmed, the possible inequality in deformation of the individual |amnae
I s conpensated by their |ateral novenent relative one another. Thus, the
novabl e connection between the individual sheets 500a, 500b m nim zes

potential gxces e te
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FIG 44, uaI am nae are ] oi fed such e| r
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di sposed on .the outside of the | am t d struct 550. I d
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the resyl tcﬁ’ﬁarhﬁ@bﬂaatn%dsofﬁ&ddﬂ:ﬁb\é@ by increasing the outside surface area

of the am nat ed structure and 15 by exposing on the outside the pockets

560 formed by f o) 5 t
portions 549. aﬂ'?%@éd tée'ﬁéjﬁ rgté(%fj btehé?oogﬁggWQSH{ lﬂ% %ét(tﬂr\{%?‘wéhbvwf (?Ty t he
| ani nat ed corvienidntr pufpiiiy i ropesssi biGhdmicahiprbocédeespisuchwass sdiéiteyf solfieteof

the individual lamnae 1s joined to the side opposit the pillows side
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structure andh SO MUhRIcrifedIf0! A8SIUNS) c%gxes A bl silifaple. Vi SIdHDN,
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15 the various semi-chemical and chemi- mechanlcal processes can be used.
Bleached as well‘as unbleached fibers are contemplated for use. When the
fibrous web of this invention is intended for use in absorbent products such as
paper towels, bleached northern softwood Kraft pulp fibers may be used. Wood
pulps useful herein include chemical pulps such as Kraft, sulfite and sulfate pulps

20 as well as mechanical pulps including for example, ground wood,
thermomechanical pulps and Chemi-ThermoMechanical Pulp (CTMP). Pulps
derived from both deciduous and coniferous trees can be used.

In addition to the various wood pulp fibers, other cellulosic fibers such as

cotton linters, rayon, and bagasse can be used in this invention. Synthetic fibers,

25 such as polymeric fibers, can also be used. Elastomeric polymers,
polypropylene, polyethylene, polyester, polyolefin, and nylon, can be used. The
polymeric fibers can be produced by spunbond processes, meltblown processes,

and other suitable methods known in the art. It is believed that thin, long, and
continuous fibers produces by spunbond and meliblown processes may be

30 beneficially used in the fibrous structure of the present invention, because such
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two | am nae (not shown) is contenplated by the present invention. Process
For Making Fibrous Structure Wth reference to FIG 42, one exenplary
enbodi mentvgfdsh®1 process for 25 producing the fibrous stpigitdsigo£H90 of

t he present invention conprises the following steps. First, a plurality of
fibers 501 is provided and is deposited on the deflection nenber 10 of the
present invention. The present invention contenplates the use of a variety
of fibers, such as, for exanple paper maki ng ceIIqusic fibers, synthetic
fibers,

S g TR R A (O T

i nventi on magipeder fR brdsent hvehBen.s commnl y known as wood puI p fibers.
Fi bers derived fromsoft woods (gymmosperns or coniferous trees) and hard

woods angi os r
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reference for ‘the purpose of disclosing |ayering 10 of hardwod and
sof t wood femcmlerohi]tjanmmmhsplﬂqbdflurhxmrsthfartrdrb mamleucefd KYMENE¥E HaTHveywood

by any c nven pro cesses s .as sulfite,

ol fate - (neenlss ing s WetatPhy DEF couaME s Dpelrudvalr Srarth i derS BEHAR! cal
processes dwgﬁg,ﬁiﬂ I ﬁﬁﬁﬁ r

sui tabl e. k1u°tn agﬁihm t eﬁegéﬁb%egéﬁégcﬂﬁqhgﬁlggﬁ chae@i‘ﬁ tﬁé)nri(‘:r[cal
processes biadebi EPsﬁéF(EZTMBVsecdmad(eaedw IAraericamb Oyanaend fdfb@taslfcatie Conn.
contenpl at ed for use, he fibrous web of this inyentio ntended

fo][ usedl oHiRNR E'é)ﬁﬁtfsﬂgmémgeé%lﬂ?'%e ﬂ\@&@f@swﬁ}@@ CHIDOXYIE yrh&ﬁi'%@ﬁﬁ
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pul ps and Chem - Ther noMechani cal Pulp (CTMP). Pul ps

The paper furnish can comprise a debonding agent to inhibit formation of

15 some fiber to fiber bonds as the web is dried. The debonding agent, in
combination with the energy provided to the web by the dry creping process,
results in a portion of the web being debulked. In one embodiment, the
debonding agent can be applied to fibers forming an intermediate fiber layer
positioned between iwo or more layers. The intermediate layer acts as a

20 debonding layer between outer layers of fibers. The creping energy can
therefore debulk a portion of the web along the debonding layer. Suitable
debonding agenis include chemical softening compositions such as those
disclosed in U.S. Pat. No. 5,279,767 issued Jan. 18, 1994 to Phan et al., the
disclosure of which is incorporated herein by reference Suitable biodegradable

25 chemical softening compositions are disclosed in U.S. Pat. No. 5,312,522 issued
May 17, 1994 to Phan et al. U.S. Pat. Nos. 5,279,767 and 5,312,522, the
disclosures of which are incorporated herein by reference. Such chemical
softening compositions can be used as debonding agents for inhibiting fiber to
fiber bonding in one or more layers of the fibers making up the web. One

30 suitable softener for providing debonding of fibers in one or more layers of fibers
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derived from both deci duous and coniferous trees can be used. In addition
to the various wood pulp fibers, other cellulosic fibers such as cotton
i nters, wayomiiand bagasse can be used in this inventi onPCByRoitsuiC
fibers, 25 such as polyneric fibers, can also be used. Elastoneric

pol ymers, pol ypropyl ene, polyethyl ene, polyester, polyolefin, and nylon,
can be used. The polyneric fibers can be produced by spunbond processes,
mel t bl own processes, and other suitable nmethods known in the art. S
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strength nmaterials are available from CYTEC of Kal anazoo, e paper
furni 9B cwhem s fibersaargctiopelisad iageoarrieo liqwdi tbihavieoa eansistersy less thaume

fib t ' t,h ' i.ed. .The d di too I .

conti nat i BROTS PROREIReBhcr Byvelr Sooel A EMailBrafBRatiRaS i Minpkh bontcess,
resul ts i mmie@dyt trsorgf itti Henebedahaotiite brddert inVdhtdnciseaBe dipmidhbld e
debondi ng agent can be applied to fibers form ng an internediate fiber

| ayer posirgichadctieasadeeiuding air-laié veelisagemprisimg o ulp fibers diyatheticaijlarsact s

2Zna 20 dgﬁ(‘j’%&{?ﬁeé ﬂ*}’e%opet ween outer |ayers of fibers. The creping energy

15 Conventional papermaking fibers can be used and the aqueous dispersion
can be formed in conventional ways. Conventional papermaking equipment and
processes can be used to form the embryonic web on the Fourdrinier wire. The
association of the embryonic web with the deflection member can be
accomplished by simple transfer of the web between two moving endless belts

20 as assisted by differential fluid pressure. The fibers may be deflected into the
deflection member 10 by the application of differential fluid pressure induced by
an applied vacuum. Any technique, such as the use of a Yankee drum dryer,
can be used to dry the intermediate web. Foreshortening can be accomplished
by any conventional technique such as creping.

25 The plurality of fibers can also be supplied in the form of a moistened
fibrous web (not shown), which should preferably be in a condition in which
portions of the web could be effectively deflected into the deflection conduits of
the deflection member and the void spaces formed between the suspended
portions and the X-Y plane.
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therefore debulk a portion of the web al ong the debonding | ayer. Suitable
debondi ng agents include chem cal softening conpositions such as those

di scl osedwigudeorPat. No. 5,279, 767 issued Jan. 18, 1994 gaaiwBoLd at .,
the disclosure of which is incorporated herein by reference Suitable

bi odegradabl e 25 chem cal softening conpositions are disclosed in U S. Pat.
No. 5,312,522 issued My 17, 1994 to Phan et al. U S. Pat. Nos. 5,279, 767
and 5,312,522, the disclosures of which are incorporated her ei n by

ref erence. Suc l,, _softenin onposition sed .as bondi ng
Cgents Tor i nnilBiChdich s EPekyvonE s BBRE Rl TpeRe s EmrPRsdTBME | he
fibers rrakfbﬂamgowéeweﬂhe @@ﬁe&%rwmémbée mfbg/eaef/aémfmp ki REcdePgadi ng
of fibers in one or nore |ayers of fibers 82"WD 02/061191 PCT/ US01/ 50472

formng t wteweatnmjyu er eaqshiienatintii an golutalitg |Qieflbeﬁapr peifipjows Elugy, Dan( Peuch
Har dened)

ADonEn 1) R b e o TRt 05 e Een e e tiRled A eyt o

G eenwi gh, otﬁéfWise 5Tﬂéedﬁl6éﬂhbﬁﬁh§m‘b§b1Q€iﬁ'tl4ié?fdrl9fpd>10@14\ byidRise Rl thvidlDab it
aqueous dis Oﬁgr si on aper maki ng f1| bers, though dispersions in |iquids

ot her tharf tb?a,céﬂbbe ks IR, i9eranchrk9f dins fae sdieeationt Reneaatically

| dt »about 0.1 t bout 0.3 t.

Al tor nat [ VIRGE P IR ShERRNEE OB 8a°by Cheory, it is believed fhat
th t t f t

the F1 bers. ar o Théchet padiFh 8L eSSt R féndet a5 Seep&ittnefionod:

t han abo%he%ﬂ&ﬂ@ﬂnherhl@eryffb SHH '&@rtoabéﬁéé‘ajo'nYe? o iaedHERStted b drhout
being limted by theory, it is believed that the present invention is al so

appl i cabl eartionstharaptitasbe wtisnases), withislthelivei apaceafoaimﬁ@b@y thmwsmnd@dpul p

fibers, synt etic I ber xtures, the of nventi gna

paper makl r%)rpﬁ)rﬂ)%r Qﬁ %@ L@%@Cﬁh’a {‘??é“% 1r %éon%noncﬁ?? bROPEPYred i n
convent i onfbch@yisal, &8WasINas G0 pr@@@@fd@ﬁéf@wt@ﬂt&l@ﬁ@m irl88mbiH=tieAs 685 bean be
used to formthe errbr onic web on the Fourdrinier wire. The association of

t he enbr yddilizedds d,ﬁftewt ehBodN ek theofibeisnd@t intantheedefiaationpronsiiélg afythei npl e
transfer OJeffe%ﬂoWeP\BEeWe%r e‘&%rﬁm&' % %%bﬁﬁ-saubg y‘r?g process shown in FIG.

15 42, a vacuum apparatus 18b, applies a fluid pressure differential to the
embryonic web disposed on the deflection member 10, thereby deflecting fibers
into the deflection conduits of the deflection member 10. The process of
deflection may be continued as another vacuum apparatus 18c applies additional
vacuum pressure to even further deflect the fibers into the deflection conduits of

20 the deflection member 10. According to the present invention, a portion of the
deflected fibers is disposed in the void spaces formed between the suspended
portions 49 of the framework 20 and the plane formed by its backside 22, or the

reinforcing element 50, as described above.

The step of deflecting the fibers into the deflection conduits of the

25 deflection member 10 of the present invention may be beneficially accomplished
by using a process disclosed in commonly assigned US patent 5,893,965, issued

in the name of Trokhan et al. on April 13, 1999, the disclosure of which is
incorporated herein by reference. According to this process, a web disposed on

the deflection member is overlaid with a flexible sheet of material such that the

30 web is disposed intermediate the sheet of material and the deflection member,
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20 as assisted by differential fluid pressure. The fibers may be defl ected
into the deflection nenber 10 by the application of differential fluid

pressure Wwadpagthoby an applied vacuum Any techni que, sudrassoiBepse of a
Yankee drum dryer, can be used to dry the internediate web. Foreshortening

can be acconplished by any conventional technique such as creping. 25 The
plurality of fibers can also be supplied in the formof a noistened
fibrous web (not shomm) whi ch shoul d preferably be in a condition in which

t ft L d b flect ' t he .def | ect
Condut s g1 SRS ARG aT MR e an i FESHhTamelraeL bas G AP BTSRRI he
Suspended iogpkadNharT e dXndlBFom B V0h040 B RIEH ISR HRT 21| n

FIG 42, the enbryonic web comprising fibers 501 is transferred froma
f orni ng wimaterigl tmelrd@pleemeable m&ﬂ@@tpllmlqyyoaa\fhwomqauwdﬁﬁrghb@ toghe

can be- et LatE el SRS defedion @ plubadte darii g He shoehEhmE A,
headboxs ortolafid eievdetiectldie ntsthb&€ tih@nthi® rdedlecion iof éth@aéparpcs?rﬁo@rbfetndl ess
belt travels about rolls 19a, 19b, 19k, 19c, 19d, 19e, and 19f in t he

di r ect i on ehbviathe apnguits ﬂﬁﬁ@éwfwkm@eb@i rectional arrow "B." Then, a
portion of the fibers 501 is deflected into the deflection portion of the
def | ecti on nmentkis QdlievedHhatthiopoenese caontee espediallydbénefitialdf Gsddnithdhe i o
portions t eof to be dispesed within t vol d .spaces forned b h

P pended SSeEfanaTormBef 15RE e plésent SyenBabenavia Bk sndrdrgounbe i he
process, éﬂéﬁ@ﬁﬁé&?ﬂoﬂnéﬁs Wehb p?écéés%ff*hérp?éé?éﬁt%@éﬁtfo?f f%PTrr')é%m HePMSroRE | N
conbi nation, can be wutilized to deflect a portion of the flbers 501 into
t he defd ec&tﬁt@mrecﬁm|ﬂas’h@ﬂaltlxhwheaefseéwltmﬂwerﬁtmﬁﬂmpemeabmfml@e sheeh or

h h- d h b,
appl | o5 a e e ROTARERY VL roRafe iod rui PR R BB K el ¢ ne
def | ecti omprigefdapp %Pa Higte lRéctie esddund witHerit %reétQ%@ph%lé@Fn' gt figdus

conduits of the deflectron nmenber 10. The process defl ection may be

cont i nued sigictiietheing wevgtinciegpal g pinhodes mﬂm fessltadaen aoseitain ageeuThof
Pressure R Gas bHsEMFoudf B derldifioh' REMbel 1 Enddind*dRblisn of Al s ©f

15 pressure differential. The higher the pressure the higher the risk that some fibers
separate from the fibrous structure and pass through the deflection member,
thereby creating pinholes in the fibrous structure. The fluid-impermeable sheet
prevenis such an occurrence. At the same time, high deflection pressure will
encourage the fibers to better defiect into the deflection conduits and the void

20 spaces of the deflection member 10, as schematically shown in FIG. 54, in which
the sheet of the flexible material overlaying the plurality of fibers is designated by

a reference numeral 600.

Finally, a partly-formed fibrous structure associated with the deflection
member 10 can be separated from the deflection member, to form the fibrous

25 structure 500 of the present invention.

The process may further comprise a step of impressing the deflection
member 10 having the fibers therein against a pressing surface, such as, for
example, a surface of a Yankee drying drum 28, thereby densifying the first
region 510. In some instances, those fibers that are disposed within the voids

30 formed between the reinforcing element 50 and the suspended portions 49 can
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20 the deflection nenber 10. According to the present invention, a portion
of the deflected fibers is disposed in the void spaces forned between the
suspendedwgidsi®ps 49 of the framework 20 and the pl ane fparmgeshiBys7bt S
backsi de 22, or the reinforcing elenent 50, as described above. The step
of deflecting the fibers into the deflection conduits of the 25 deflection
menber 10 of the present invention may be beneficially acconplished by
using a process disclosed in commpnly assigned US patent 5,893,965, issued

in the na f. T . . il 9 ' i.ch is
 ncor por araio g af B Py hcadiiil o Fia, 425 the sk B HbRMILR, fo HRbo0 .5
on the deidinst e Yemkee dryingyerdmiis péridmeed bﬁxu'nsbﬂ@ thbgresairenmdliet dlal

such that the 30 web is disposed internediate the sheet of material and the

def | ecti onThisndlep, typiealOneudss1 8o stapcef Ly dag Aikgeus cHeyrikiccal Ay ERown
[ FIG 54 ' | N h
ERLR W e et e o e SR e

ai r - i npsr naegify. thancapgdpatalingoponfona dfl thiedweb ethauelsy éntderagig atedtiont dfe
sheet of nmaterial causes deflection of at ortion of the sheet of

|
mat eri al SNedRspys canidever ptions 9al tbe '”@Hggtsp:ﬁﬂ u%ef | edefnPaFedONtBgst a
ol f ; ! _ ! at
portion o %%rfﬁyhﬂ?éoﬂb@u% étﬁfbt%qﬂﬁgtc%nﬁnsbhﬁrﬁﬁ@?@?!@as[&i r?%ré-r%élémn%:ﬁthfhe

bel i eved t I'S process can be especially use
def | ect i orfirseplueality 0f afictoegioressieaning awelatively, hiphdengity,dhd sepand pliralityed by

the suspended portjons. The progess of the esent .invention for pakin
Lhe 1 br & TUBTRGIN GomBOs Mo PRSI Aames AT IS AT e gt plirafly &
fluid-i - ' : t ' [ arO-

el a1y g, agiohs RGOS Felaicly |68 FHRRY, Bhd TN By diinicro . o
def | ect i onregicrsseoraprisingdilrogs eantilegenpartiohe taterally rexténding drom the domase

bei ng constructed. The pinhal es Jresul.t wh a certain unt. of. .. the
{1 bers padihd RAYgneh etearpiats dreerave 6 iR telre R, MRt g
fluid 15 piepsuralitgiof haeRPidgdns dMeiiY EivalfRvPaSSH & thB&cRbAAYIurklig i Sk
that some fibers Separate fromthe fibrous 'structure and pass through the
def | ect i onofnbidberegionfer eby creating pinholes in the fibrous structure. The

fluid-inpernmeabl e sheet prevents such an occurrence. At the sane tine,
hi gh defl ection pressure wll

15 Example

The deflection member 10 of the present invention was produced with a

first layer 30 comprising nine discrete deflection conduits per square inch, and a

second layer 40 comprising forty-one deflection conduits per square inch (“41/9”

pattern). The conduits’ geometry was a diamond with filleted vertices. The

20 cumulative projected open area (ZR) of the deflection conduits 35 of the first

layer 30 was 0.0756 square inches, and the cumulative projected open area of

the second layer’s deflection conduits was 0.0161 square inches. The first and

second specific resulting open areas R1 and R2 (i. e., ratios of the cumulative

projected open area of a given layer to a given surface area) was computed to

25 be: R1 = 68% for the first layer, and R2 = 66% for the second layer. The

thickness of each layer was 0.020 inches. The two-layer structure was bonded

to a dual-layer 48 X 55 mesh belt known commercially as a stacked, warped,

dual-layer belt, which is produced by the Appleton Wire Division of Albany
International of Appleton, WI.
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encourage the fibers to better deflect into the deflection conduits and the
void 20 spaces of the deflection nenber 10, as schematically shown in FIG
54, in whizwgyodsh®1sheet of the flexible material overlayi ngti@iBhgsal ity
of fibers is designated by a reference nuneral 600. Finally, a
partly-formed fibrous structure associated with the deflection nenber 10
can be separated fromthe deflection nenber, to formthe fibrous 25
structure 500 of the present invention. The process may further conprise a

step of inpres t,he ct ion E@v“n i, h ers therei
agai nst a pr es?%% SQHJ}O%E SSYEIF Bgor?chﬁ u%ﬁg 49/3 &ﬂ ﬁ 'Hg%imee
dryi ng dr g déscridey QBMV@eé&ceringgtd Bembuffld TASHI dinritkbeet mnaﬂaa The

i nstances, those fibers that are di sposed within the voids 30 forned

bet ween t handshaeisreamprisacbBeti NSK helﬁesmymﬁidlé@fﬁom/odﬁw&(%ml 85 WD

02/ 061191 S d i 42,
the step (;[51%-%@ g@s&%ﬁ@eﬁ\’\gg Qﬁ% ﬁsﬁ?hgg ankee‘g%r yl?ﬁé "fc)imﬁmSIlus per or med
by using tdigin ﬂ@t%drpferFMPPllQ&ndafﬂslawBﬁmﬂedwly@d byconuitiordeishasis e
drying the flbrous structure. As the deflection nenber 10 is |ggressed

into the wébl3 pPoeeingdasprindea0 ;ﬁ@uar@ﬁeeu@tc&mwraeaismf eRd 2¢%r Bshondihag
portions qof th

Cant i | over 0P apahdaso AFRERY TR Rk Epddhabl i, on, s 4 1 Yefigction

density, thémbekprouss tﬁbrmewmemvamum NOriceedridy, @Re Mandaheél Was Peeled off
m cro-regions: the first Iurall§¥ of m cro-regions haV|n8 arelatively

hi gh densiafythetdrfleséiesmepingr al0. t everalmmt@weggm%@me 4¢ash herain das
domes t i.n r and having a
rel ati ﬁie(I fﬁggwg%ens (M?Ergé géctt'ﬁl r%@c%gdf{g?ﬁg%qr{/s %ﬁh&é%béﬁ@%@%@gns conpri sing
fibrous cantil ever portlons | aterally extending fromthe dones and having
an internediate density relative to the relatively high density of the
first plurality of mcro-regions and the relatively |ow density of the
second plurality of micro-regions. 15 Exanple The defl ection nenber 10 of
t he present invention was produced with a first layer 30 conprising nine
di screte deflection conduits per square inch, and a
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second | ayer 40 conprising forty-one deflection conduits per square inch
("41/9" pattern). The conduits' geonetry was a dianmond with filleted
vertices. wgw/dptogunul ati ve projected open area (ER) of theoedohgeizzon
conduits 35 of the first Jlayer 30 was 0.0756 square inches, and the

cunul ative projected open area of the second layer's deflection conduits
was 0.0161 square inches. The first and second specific resulting open
areas Rl and R2 (i. e., ratios of the cumulative projected open area of a
given layer to a given surface area) was conputed to 25 be: RL = 68% for
the firstWHABILS CAAdMIEBD £5:66% for the second |ayer. The thickness of each
| ayer was 0.020 inches. The two-layer structure was bonded to a dual-Ilayer

48 X 55 nesh bglfibrstiowiu 00) Bbihpricitg at $dasCk Est Ww@iope@10) ahtd b -deaotelr
belt, which is produced by the Appleton Wre Division of Al bany

| nt er nat i onal l@gloApﬁéﬂQ)s &he, at\gast éastwegm/(@mb irazlnec;rrﬁ@s@wsmmd dofipiag 2

handsheets wer roduc the "4 /9" ectlio cribed
above, accordifr(%lrﬁl[O f?‘?’gldt?Jl i@ a%IASﬁE’?n EGI nﬂ@ {)) Her {]Sd‘{TE gﬁﬁfral}l]tg gi’llﬁﬁjo

conpri sed BO%MﬁlﬁadeDéita%ﬂ Boehd 1he Bickt KIaak o defﬁ&%@bﬁél%@h Ther no
Mechani cal Pul p), and 2%)Eucalyptus Pul ps. The pulp slurry was 5

di si ntegrat ed r a t asi s
wei ght of 13 t%guﬁﬁé%pertﬁgg%g é}%tz%‘?e egletﬂJ tg% E}%h??}?éﬂ Oggilyilg%gd%gg&]sgl-l)
The handsheet wascogliprides fiprohio domels (Sﬁapummbtpuamiltlmveeplomnns (949N thteally

defl ection nenber 10 of the present invention. Once drlegﬁpblﬁ hanﬂgﬁeet
was peel ed of f  ofexiddingefrpche damss AD 218 Se@@@e‘frl%f’la“%é‘% fo5g

reproduced herein jg onal i ns of
t hese handsheets. %ﬂdaé§5§¥§§?%§% é%?ﬁt@%&ﬁ%gj@%ﬁﬁ Tﬂﬁsﬂ%§£$ﬁg%ﬁ?%?pl A
fibrous structure fdfiéys.conprising at least a first region (510) and a
second region (540), the at least first region (510) having a first

el evation and defining a first plane, and the at |east second regi on (540)
conprising a plurality of pillows outwardly extending fromthe first plane

to defi n€ya Segpl %b%lugvs%!:tﬁﬂf (500) according to Claim 1, wherein at least one of the first

region (510) and the second region (540) comprises a substantially continuous and

macroscopically monoplanar network area, a plurality of semi-continuous areas, a

plurality of discrete areas, or any combination thereof.

3. The fibrous structure (500) according to Claims 1 and 2, wherein in at least one
cross-section perpendicular to the first plane, the individual fibrous pillows of the
second region (540) have cross-sectional bases (B) measured at the first elevation

and cross-sectional perimeters (P),

the fibrous structure characterized in that a ratio (P/B) of the cross-sectional
perimeters (P) of at least some of the pillows to the corresponding cross-

sectional bases (B) of said at least some of the pillows is greater than 4/1.

4. The fibrous structure (500) according to Claims 1, 2, and 3, wherein a density of

the first region (510) is greater than a density of the second region (540), or
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the fibrous structure characterized in that the plurality of fibrous
pillows conprises fibrous dones (530) and fibrous cantil ever portions

(549) | ataigaddogri9ext ending fromthe dones (530) at a secongTai®yabisson to
formsubstantially void pockets (560) between the first region and the
fibrous cantilever portions. 2. The fibrous structure (500) according to
Claiml, wherein at |least one of the first region (510) and the second
region (540) conprises a substantially continuous and nacroscopically

I K. .0 ' i 7 ' . . i
of " ser ot o arincngt S Pl bebofd B, 90N RURIRBY £RBus Fegl ot ST

(500) accordi rugeﬁgst%%qj),[rgglb)_and 2, wherein in at |east one cross-section
perpendicular to the first plane, the individual fibrous pillows of the
second region (540) have cross-sectional bases (B) neasured at the first
el evation and cross-sectional perineters (P), the fibrous structure

char act erf zed . Lhat, o ratle CRIB).aLubh GERRS: S0l LONG 4 PERLAR! grs, (P

of at ast so espondi hg’ ¢r oss- ’'sectl on bases

(B) of said atipiRafial $i@hsPilléWechhpliRVWbrbss G6r8é SltwalBy edtedding frobithe
fibrous structure (500) according to Clains 1, 2, and 3, wherein a density

of the first fisgiegioni510) is greater than a density of the second region
(540), or 88 WO 02/061191 PCT/US01/50472 wherein a basis weight of the
second regi on thb4ihrous sguaatefurthbaniaatyasial inethghtheopillotvhecobiprise frbegison
(510). 5. The fibrous structure (500) accordin 0 ai 1, 2 and 4,
wherein the i ndi sandigyer ﬁﬂpﬁmslafs]ra%%%éeﬂéa}%pﬁpgb&“ﬁ ﬁbq?f&)ﬁgﬁawﬁﬁsﬂlfsfﬁ%‘}sm y
extending fromthe _fi i . fi : L8 i :
characterized in ?%gﬁ&?ﬁ§°%?@Fgﬁgm§§ﬁ Pﬂ?gagg%§%&gghggﬁfﬁ#gégﬁ&ﬁé%??ghs

| ateral | y extendi pgatfveatlidigigh dbisityf tenfiast pltadity dfoniensregianst(51®\aed the
portions conprising a third region having an internediate density relative
to the high densi oW densithief therssgond) Rivralifyqf ngeronicgions (¥ ons (510) and t he
| ow density of the second plurality of mcro-regions (540). 6. A | am nated
fibrous structure conprising at least a first lamna (500a) and a

6. A laminated fibrous structure comprising at least a first lamina (500a) and a

second lamina (500b) joined together,

the laminated fibrous structure characterized in that at least the first lamina (500a)

comprises a fibrous structure (500) having at least two regions and comprising:

a first plurality of micro-regions (510) having a first elevation and defining a first

plane, and

a second plurality of micro-regions (540) outwardly extending from the first plane
to define a second elevation, wherein the second plurality of micro-regions (540)
comprises fibrous domes (530) and fibrous cantilever portions (549) laterally‘

extending from the fibrous domes (530) at a second elevation.

7. The laminated fibrous structure according to Claim 6, wherein the second lamina
(500b) comprises a fibrous structure (500) having at least two regions and
comprising a first plurality of micro-regions (510) having a first elevation and

defining a first plane; and a second plurality of micro-regions (540) outwardly
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second | am na (500b) joined together, the | am nated fibrous structure
characterized in that at least the first lamna (500a) conprises a fibrous
st ruct ur ew@20p1travi ng at | east two regi ons and conpri si NPCTASOISEGL72
plurality of mcro-regions (510) having a first elevation and defining a
first plane, and a second plurality of mcro-regions (540) outwardly
extending fromthe first plane to define a second el evati on, wherein the
second plurality of mcro-regions (540) conprises fibrous dones (530) and

fibrous canti| exasBorEhORS A8 Hhnl 35 SR ¥ so@bRL Al §ALLEN e LOIAUS

dones (530) at a se am nat ed rous structure
accordi ng to Glaiality of Whéieirépidie (59 csathprises rffbrm(sSﬂGJln}:s q63@r ks Sibdodsi br ous
structure (500) having at |east two _regi ons and \r}pr|5| ng a first

Hhrp

Pl ural i Ity of neaBElEVERBPBIRES Gm)lawwlwfr@(tealdm& érpmethé Bhdames RfPidkiang a
89 WO
OIZ; 3%1?9??’&/ %gfﬁc} E%g%go% xrat'an ?&X(e ggb)c‘}]&w%l rsl-&:nﬁ{S€ %ﬁlq% a%gttp@:]fg)lra second

el evation, whegsitievehgoriesnynd pl uraI ity of mcro-regions (540) conprises
fibrous dones (530) and fibrous cantilever portions (549) laterally

ext ending fromyt hﬁﬁﬂa&ﬁ%ﬁoé@ﬂﬁﬁt&é\%mm@kr@ed ﬁﬁ@lﬁ@@le%laﬁl’ﬂ@%r%rﬁ&lsf (849

pockets (560) between the first plane and the fibrous cantilever portions,
t he | anmi nat ed fi boDthe fist lantina 00hpamctisposaknh tha pobkdts (568) damiad| eieeen

portions (549) of the first | am na O,a re dj sposed | ets
(560) formed bet m@’ér?anfli‘?ée’bﬁ?t‘inio%%‘il ?lf t @ea?fdﬁ’?hﬁgc?lidr&m éﬁ@)% % he
second | am na (50 al?l? om'i'i?evig]lg ¥nd é%b&h(%llaﬁﬁﬁderté etﬁé}QO§ﬁegm1ﬂslaiﬂd%€ond

t oget her so that the st and second am nae are novable relative to one

anot her in at | eakminmealeahevable ciativetto ong ansthéhinudt leasaona dpteml diegediont i on
of said |amnae. 8. A process for makin fibrous structure (500) having
at |east two regi WNQOUT&P%‘H&%éeP%atéPWﬁ%diE}H}?‘PT epeating pattern, the
process conprising the steps of: providing a deflection nmenber (10) having
defl ection conduits therein; providing a plurality of fibers, preferably
selected fromthe group consisting of papernaking cellulosic fibers,

synt heti c8fi beAsprogessafiy makbignatfirous kewaak; (500) having at least two regions

disposed in a non-random repeating pattern, the process comprising the steps of:
providing a deflection member (10) having deflection conduits therein;

providing a plurality of fibers, preferably selected from the group consisting of

papermaking cellulosic fibers, synthetic fibers, or any combination thereof;
depositing the plurality of fibers on the deflection member (10);

deflecting a portion of the plurality of fibers into the deflection conduits,
preferably by applying a fluid pressure differential to the plurality of fibers,

thereby forming the fibrous structure,

the process characterized in that in the step of providing a deflection member
(10), the deflection member (10) comprises a plurality of bases (30) joined to
a reinforcing element (50) and extending therefrom, and a plurality of
suspended portions (49) laterally extending from the plurality of bases (30)
and spaced from the reinforcing element (50) to form void spaces between
the reinforcing element (50) and the suspended portions (49); and in the step
of deflecting a portion of the plurality of fibers, the portion of the fibers is
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depositing the plurality of fibers on the deflection nmenber (10);
deflecting a portion of the plurality of fibers into the deflection

condui ts, wagpinabkefabl y by applying a fluid pressure differ atri@doitsou7t he
plurality of fibers, thereby formng the fibrous structure, the process

characterized in that in the step of providing a deflection nenber (10),
the deflection nmenber (10) conprises a plurality of bases (30) joined to a
rei nforcing el enent (50) and extending therefrom and a plurality of
suspended portions

49) | aterall t ' f th I | i fob
(30) and spaced fq’eﬁlﬁ‘f%ﬂél%f’ @%?ﬁ%&ﬁ%g‘gﬁgﬂg ﬁ't‘crh?gotf Ct%%éaef S(Lﬁl)haﬁ ?Iféi{%lag%eé%:dgs
between the rei nfdegd BE pBHRME Mhert&Oo BN dishhRISWERANARH vBIAr §a68S the#&y, and
in the step of deflecting a portion of the plurality of fibers, the

portion of the fi ermingsa pp@alig i pidens §I3MHCPmysBingsipas deafes d63®daridnt o
the deflection condquits such as to ¢ 0 of the deflected fibers or -
portions thereof {}g)rﬁ'és AL, QEBOW%F%@.S&I%‘?#I@%F@C %%g fnﬁ}?efﬁ%\f d4B¥%hi ng a
plurality of pillqusg %@eiﬁ%@ﬁ}mﬁiu@gl&ﬂegg%% HOTESndd®BP Ihettibrs kMRS

cantil ever portions ( laterally extending fromthe Tibrous dones
(530), wherein thenfo theodefledidore so{d®O) amd ehef Hibmvasl chytile e Partenss (5487 laect ed

into the deflection copduits,. and the fibrous . cantilever. portjans 49) are
formed by the fi befPEm?fggVeth? éﬁ’eFSnfl?ﬂ]@Eﬂddm%?ﬂds (E:éBaCFBrfﬂlg’ﬁedbb‘?t\v/v\@@%u%f%e
rei nforcing el ement; ) ande, i . 9. The process
according to d ai %%lé&&?%? t erélﬁgsr%lr‘&?gi ng gp@?é%b%:‘ﬁ%g% g@é’i ng the deflection

menber (10) having the fibrous structure thereon against a pressing
surface, thereby densifying portions of the fibrous structure. 10. The

Ger | oct i o momBt PSS SHABHRBEE GRUDI B [OITET ABPPRREE o “RBnEePEUp IS ng
at least two S ] ]@% b N b Qi el at @RS hieii
wherein the pl %lj%%f@r)l/ I]L(Péo a(tslggﬁ%‘ggg tl:'lé; ﬁ? f)d;u?re%gru%@r{)ﬁi??%ye% Sandﬁyfhéng
plurality of susfesdaeeppdérsifimg(pdijonsios tHedibrews dsuctine ot her | ayer, and
wherein at | east one of the |ayers conprises a substantially continuous

pattern having a plurality of discrete openings dispersed therethrough, a
sem -conti nuous pattern, a pattern fornmed by a plurality of discrete

10.  The process according to Claims 8 and 9, wherein the step of providing a
deflection member (10) comprises providing a deflection member comprising at
least two layers joined together in a face-to-face relationship, wherein the plurality
of bases (30) is formed by one layer, and the plurality of suspended portions (49)
is formed by the other layer, and wherein at least one of the layers comprises a
substantially continuous pattern having a plurality of discrete openings dispersed
therethrough, a semi-continuous pattern, a pattern formed by a plurality of discrete

protuberances, or any combination thereof.

11. A deflection member (10) comprising:

a patterned, preferably fluid-permeable, framework (20) having a web-side (21)
and a backside (22) opposite to the web-side (21) and defining an X-Y plane,
wherein the framework (20) comprises a plurality of bases (30) extending

from the X-Y plane in a Z-direction perpendicular to the X-Y plane,
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pr ot uberances, or any conbination thereof. 11. A deflection nenber (10)
conprising: a patterned, preferably fluid-perneable, framework (20) having
a web- si dag @ks1198nd a backsi de (22) opposite to the web- siddeydzsoqa7and
defining an X-Y plane, wherein the framework (20) conprises a plurality of
bases (30) extending fromthe X-Y plane in a Z-direction perpendicular to
the X-Y plane, 91 WD 02/061191 PCT/ US01/ 50472 the deflection nenber
characterized in that the frarrevvork (200) corrpri ses a pI urality of

ded t 49) | t m,t h b
ond el evat b (e RGeSy pREFRD G ERD e RGeS (O op st 45
between the X-Y pﬂ)lﬁfﬁﬂﬁ@f‘ sﬁéﬁ@nc@dﬁﬂﬁm%dmppfa&drﬁmse)&éﬂng kém theepistafityesit i on

menber (10) according Claim 11, the deflecti'on nenber characterl zed in
that at |east onebzxsés altcbelwedjéctlrdhe @ﬂ)ecanm fropmhibe Badkplreketo(f2eh veid spaees
framewor k (20) co rise stantl t|n ous attern having a
plurality of disc? ‘("8 Ib%‘@?f ?Jg@mbq @"Set %“ Pp ﬁ?oélﬁé@ a sem - continuous
pattern, a pattern fornmed by a plurality of d| screte protuberances, or any
conmbi nation thereof. 13. The deflection nenber according to Clains 11 and
12, characterized in that the framework (20) conprises a nulti-layer

st ruct ur elZ or nElee defleation maibet (10) hevpuding t Glamed1t oget her in a face-to-face
rel ati onship, wherein the plurality of bases is formed by a first |ayer
(30), and the fkdesédtion AEmbBeisqhandtedijadin e at leds)one f ftiy webksidey(2h) aricond

| ayer (40), each of the first and second Iaa/ers (30, 40) having a to
surface (31, 41) th heksidmi2au pf Biedranayork £3 )(?QH%JIS‘FSea §‘3’Sfaﬁgalbb‘ifm§ﬂl"?‘§ce

(31, 41), and %At%ﬁha&ﬁga%ﬂrgﬁgt oF QoS %?spﬁéé%th%i‘étﬁr@g %s’eﬂut he

Z-direction betwe tom sur ottom s ace (32)
of the first |ayegodtimpud pattir)G pdiRrn fomlssbgle fl2R)ityodf diberetrpaombarnices20) ,
and the top surface (41) of the second |layer (40) form ng the web-side
(21) of the franenmnyc(ogdamaﬂpnthermf defl ecti on nenber according to C ains
11, 12, and 13, further conprising a reinforcing elenent (50) positioned
between the web-side (21) and at least a portion of the backside (22) of
the framework (20), and preferably between the top

13.  The deflection member according to Claims 11 and 12, characterized in that the
framework (20) comprises a multi-layer structure formed by at least two layers
joined together in a face-to-face relationship, wherein the plurality of bases is
formed by a first layer (30), and the plurality of suspended portions (49) is formed
by a second layer (40), each of the first and second layers (30, 40) having a top

. surface (31, 41), a bottom surface (32, 42) opposite to the top surface (31, 41), and
at least one deflection conduit (35, 45) extending in the Z-direction between the
top and bottom surfaces, the bottom surface (32) of the first layer (30) forming the
backside (22) of the framework (20), and the top surface (41) of the second layer
(40) forming the web-side (21) of the framework (20).

14, The deflection member according to Claims 11, 12, and 13, further comprising a
reinforcing element (50) positioned between the web-side (21) and at least a
portion of the backside (22) of the framework (20), and preferably between the top
surface (31) of the first layer (30) and at least a portion of the backside (22),
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surface (31) of the first layer (30) and at | east a portion of the backside
(22), 92 WD 02/061191 PCT/ US01/50472 the deflection nenber characterized

in that t{® Eldidhity of suspended portions (49) is el evatgd/fidoemirhe
reinforcing element (50) to formvoid spaces between the reinforcing

el ement (50) and the suspended portions (49), wherein the reinforcing
el ement (50) is fluid-perneable, and preferably conprises a woven el enent,
a felt, or a conbination thereof. 15. A process for nmaking a defl ection

nb 10), S i di f.irst hayi top. surf
I e LR e St R
defining an X-Y pi49ngs dieaitdd Fidin |tli’é/%ini(o&9%g felurhdter (S0R\S N ¥didi haces
|

perneabl e first conduit Eort_i on (35) extending between the top and bottom
surfaces (31, 32)betwhen ghogeiwforeingr elementi t¥N and thrasusisadesd eedionscdpri ses

steps of: providi a second. | ayer .(40 i.ng-a.top surface (4

bott om surf ace (4‘5&1%8%3%61 tr%m{ocgmi{%eel‘%%ﬁ%ts{}’w(sﬂégf,]ulg?& e%é%’oﬁr&i é%%%ﬁ%?ﬁ'
portion (45) extengdhhiskes RYINEEBIchRAL, bT8t, 3R cBRbIRMLS tHekdges (41, 42), and
joining the first layer (30) and the second |ayer (40) together in a

face-to-face relationship such that the top surface (31) of the first
| ayer (30) faces the bottom surface (42) of the second | ayer, wherein

portions (49) of the second | r..(40 or ponding to t.he fir ndui ts
portion (%55) HPEst fqrﬂﬁ?l%%/%agﬁe(cgé‘} H% % i’eccﬁ’n}pﬁlS%gtH{%Vlal-n% it %nlea&%o form
voi d spaces be - Y d $8b rstifades fitd he tigeapnd
| ayer (40). 166.3‘0?%2‘/%?3%22%S%ﬁ%pgilggﬂto 0&5%515, c%%?g%:%pgrlit z'edti nt?t@hat at
| east one of tswefate (k) ant alpBning 30 )X-Anplan shesBrso Fayet @BPe furthen hayisg gdtred-by
sel ectively curing photosensitive resin, apd the at |.east one.,of the top
surface (31) oPer{nﬁ_éﬁFi &1 CP_H%T' pegER éﬁsé f’ﬁ@ld?%iqeg“ﬁqeguh?a 2 f“_zfg)bogtf)mt he
second |ayer (g§N,cbs(378s E%'e{ﬂ)?&eb@c%r@c%ﬁ%ﬁliﬂ dhat the i &dss seb 98pd &F: enabl e

the first and second Iay@r 0 Joln together upon contact her ebet ween. 93

oD O o D PROVIBRE SR e (Al Tabtfgd 1) lriloe Y2), btol Q3RS (12

curing a curabP&
opposite to the top surface, and a second conduit portion (45) extending

between the top and bottom surfaces (41, 42), and

joining the first layer (30) and the second layer (40) together in a face-to-face
relationship such that the top surface (31) of the first layer (30) faces the
bottom surface (42) of the second layer, wherein portions (49) of the second
layer (40) corresponding to the first conduits portion (35) of the first layer
(30) are spaced from the X-Y plane to form void spaces between the X-Y

plane and said portions (49) of the second layer (40).

16.  The process according to Claim 15, characterized in that at least one of the first
layer (30) and the second layer (40) is made by selectively curing a photosensitive
resin, and the at least one of the top surface (31) of the first layer (30) and the
bottom surface (42) of the second layer (40) is maintained in a partially uncured
condition to enable the first and second layers to join together upon contact

therebetween.
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conprising a structure having a top side (110a) and a bottom side (110b)
opposite to the top side (110a), the mask (110) further having a
non_—randommdm{@peati ng pattern of transparent regions (pcZysoaaes7opaque
regions (114), the mask characterized in that the opaque regions (114)
conprise at least first opaque regions (114a) and second opaque regi ons
(114b), wherein the first opaque regions (114a) have a first opacity, and
t he second opaque regions (114b) have a second opacity different fromthe

first opagjty.,18. .T kK (110) according to O aim 17, racterized in
t hat theaﬁ'r st‘é‘o‘ﬁ‘ﬁaﬁgﬁﬁgg)fr o‘l"fg Tli{?&?cefs%rfﬂllgguﬁ?%caoﬁ?ﬁaﬁlﬁoﬁlégglﬁﬁttégnm% a
plurality of dichegrlify 6BR%urehabifflatop Sidk (NOAYEnP2bbRSM sidR REOE)pPosie
discrete areas, or any conbination thereof. 19. The mask (110) according to
d ai rrg 17 and tb8he tdpaside (0% e inask HA0) furthephaidug a noagi end wpedigpri se
a gradient opacity that gradual.l in at lea ne direction. 20.
;I'Ee maskk( 110)p%@%b?ﬁf%8¥8n &%P%%ﬁ?%?gj%%’,paﬂ HogYns EL%S’act erized in that

e mask conprises a pattern of a three-di mensional topograph 115
co(rjrprlh Si lr)ng pr&e raskoslwresterdscd; lﬁgth?-tr%%aqlﬂee&’&m’éné%} C?Iﬁlgnﬁegﬁy@ésﬂ 11)ﬁtlloa)
and the bottom si f {Bs : 1S . -
substantially pon&?a “éljfé&% ?lelﬁgﬁgl}a ségé%é%‘%ﬁeg{ég?ﬁgm%bz’oﬁ’??%&oﬁg fggt tern,
a pattern of di scogiqepegibaberianyasve afirgnypactgndndnitisecoridhepagot regibies ei n
the pattern of protrusions (115) preferably correlates wth the pattern of
transparent regi ofid4pb1hpip adieao gity didlgreshEroptha first 9PRGHM a  conbi ned
non-random and repeating pattern. 94

18.  The mask (110) according to Claim 17, characterized in that the first opaque
regions (114a) form a discontinuous pattern of a plurality of discrete areas, a semi-

continuous pattern, a pattern of discrete areas, or any combination thereof.

19.  The mask (110) according to Claims 17 and 18, characterized in that the opaque
regions (114) comprise a gradient opacity that gradually changes in at least one

direction.

20. The mask (110) according to Claims 17, 18, and 19, characterized in that the
mask comprises a pattern of a three-dimensional topography (115) comprising
protrusions extending from at least one of the top side (110a) and the bottom side
(110b) of the mask (110) and comprising a substantially continuous pattern, a
substantially semi-continuous pattern, a pattern of discrete protuberances, or any
combination thereof, wherein the pattern of protrusions (115) preferably correlates
with the pattern of transparent regions (112) and opaque regions (114) to form a

combined non-random and repeating pattern.
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