; EFGHe3e’ $" 6T |~ .,1~.. 2 0 ~ ~ ~~ 2402 m. NOVEL APERTUREL WOVEN
FABRI C Background of the Invention 5 For many years, attenpts have been
made to produce a fabric having the strength and other characteri 9t{chtbf2002
woven or knitted fabrics w thout having to go through 10 the innunerabl e
steps required to produce such fabrics. To produce woven or knitted
fabrics, a yarns nust first be produced. Yarns are normally produced by
openi ng an : ilher s and producing a web of fibers. The fiber web is
condensed mmmmmumwm fromwhich a rovi ag-is 15 produced by doubling and
drawi ng t he sIL%$&§. nunber of rovings are further doubl to
produce a yarn. To produce the final fabric, the yarns ar%ﬂ m @mmloon1
into a woven fabric or are knitted on a conplicated knitti . Often
the yarn has tg he 20Q sized With sta Qt..Qther materials bef®P¥'it can be
processed on tfreSwe&vigOr—Kf tHgHeCH e During the past twenty to
thirty years, Bagkiamoundr ofeshes Inyventhiean' devel oped and attenpts have been
25 nade tg0 produce a fabric directly froma web of fibers elimnating nost
if not all of the various steps described above. Sone of these nethods
i nvol ved the use of pins or needles disposed in a pattern. The needles are
iﬂserted t hr ol &ahbbgbaw$b e tempisc haviecbeefSmate3tot peonebeand simil ate
t he appear anc . ri esul.t r an
requires the 3& %P%b¥3§ﬁR gﬁ@h%&%%“%?hdéghtggkfgqggggégg§F£§€§??é%%th. The
addi ti on of biweyen exb¥nitted [fabrdgist wdShons Eaﬁdpg toogo-tipough 2
flexibiligy, ¢hapernatthe?hable dRdpsableguibral ¢al pPbaleE! s88haPsbRBkes 1t
virtually inpossible to duplicatée the desired properties of woyen or
knitted fabri @9 PECRNCe @8?(&%&&’%&3&3 2§8PEilSyhe YRENSRUSE (TSt or
liquid forces ,b_e\/\:ipir@ldu&ba.dic Yached are nbemhilder pmbubedabpéepleﬁmgdmeﬂd )
pattern to na .at e i Qers ner at .t uc r as
sone of the c%%&ggﬁéfFégggg % dwg$ggﬁggggn§t¥%§ ng??8§£8fn tnd 95&5?

web is condensed into a sliver from which a roving is

15 produced by doubling and drawing the slivers. A number
of rovings are further doubled and drawn to produce a

vyarn. To produce the final fabric, the yarns are woven
by a loom into a woven fabric or are knitted on a
complicated knitting machine. Often the yarn has to be
20 sized with starch or other materials before it can be
processed on the weaving or knitting machines.

During the past twenty to thirty years, various
processes have been developed and attempts have been

25 made to produce a fabric directly from a web of fibers
eliminating most if not all of the various steps
described above. Some of these methods involved the use
of pins or needles disposed in a pattern. The needles
are inserted through a fiber web to produce openings in

30 the web and simulate the appearance of a woven fabric.
The resultant product is weak and requires the addition
of a chemical binder to produce desired strength. The
addition of binder substantially modifies the hand,



some of these prior techniques the fiber web is 10 supported on a nember
havi ng a predeterm ned topography while being treated with fluid ergeﬂPimmm
alter the fiber configuration and produce a nonwoven fabric. Exanpl es of

met hods for produci ng nonwoven fabrics are disclosed and described in U S.
Patents 1,978,620; 2,862,251; 15 3,033,721; 3,081, 515; 3, 485,706; and
3,498,874. Wiile fabrics, produced by sone of the nethods previously

descri bed, have been successful conmercially, the resulting fabrics stil

have not had all of the 20 desired charactéeristics of many woven and/ or

knitted fabric? Al ﬁ% t hese technj have la ed he .ability to obtain
either the desfte¥iRbhbihat Eﬁﬁ?(ﬂ"%ﬁkéﬁ%ﬁﬂ &5d; YedSeHe final fabric
or the desiredpappent hesecand makmxuut(ylnaualkxiﬁmnmsalhie kot h. The 25

prior art mel hads haye. | ackai Araad 56 SRl Ue LR B&aﬁfxr{%%dand

control of the forces | I ngi ng on the br ous, . Cenera a fabric
shoul d be of uf®PBH+ES con ?’P%t"i?ﬁf‘@’(ﬂ‘*}fﬁd n?a‘(ﬁ’e ldﬁ’(ﬂivsecdr &Gt NSeThe fabric
shoul d hase goefl £lafdtyr onqxpmmﬁs:scegvemﬂdh taiee fcﬁkrrecfteus a@f taerel atively

high weight. T bri houId be lowliniin y r.ben eS|red
conbi nati on of Plebﬁg wﬁg f &f'frml opéerqalq-'es %‘ g’gphht? | na
wi t hout the adﬂibeoﬁ bh ehmwxmen‘ mame.rme pmmmumuhesmome of

00% rol ltabl e Sfenéﬁcwra&@mg@f?@r&ﬂw\}gmdﬁ ;Jrﬁttraees flé%Y"J.Egt dleihrefl y
co Inatli ons O | C roperti es unma e sen nventi on
o abj ot JFobR Lok Baeht et A e iSRRI heD SAERE HRBV SR f abr 1 e havi ng
excel | envost r eggpported hen 10 mdrsisc chaofirgyld tprecidtiertidhedatepogkaphyt is a
further object 8%1%“&?5 SEPéaéJB’Wé kfi f‘?%é;el% of RtbE Ehat &ﬁ?yn'form

in appear ance an as un fornland CO Ca propert es.
15 anot her objeenfiguration e@@wtpmﬁmﬁ mmqu"%%lf@é’rﬂﬁbrl Exaphdeshave

excel l ent clarbfymethddst £61 Bdh PRy &fdf?ﬂﬁ:vdrﬂ f%@:rzﬁ@snaeabegismal_&édof th]ge
et LMV EN LR a8 15 20 T YRR 0TS82 TS L P T T Y ©

15 3,033,721; 3,081,515; 3,485,706; and 3,498,874,

While fabrics, produced by some of the methods
previously described, have been successful commercially,
the resulting fabrics still have not had all of the

20 desired characteristics of many woven and/or knitted
fabrics. All of these techniques have lacked the
ability to obtain either the desired combinations of
physical properties in the final fabric or the desired
appearance of a woven or knitted fabric or both. The

25 brior art methods have lacked precise control of fiber
placement and control of the forces impinging on the
fibrous web.

Generally, a fabric should be of uniform construction
30 and have good strength. The fabric should have good
clarity or openness, even if the fabric is of a
relatively high weight. The fabric should be low
linting yet absorbent. The desired combination of



fiber groups wherein the groups are virtually as dense and fi nergﬁ jﬁgnZOUZ
yarns. These groups are interconnected at junctures by fibers t

common to a plurality of the groups. The groups define a pre-determ ned
pattern 25 ~of openings in the final fabric. Each group conprises a
plurality of parallel and tightly conpacted fiber segnents. At |east sone
of the groups include entangl ed areas of fiber segnents circunferentially
wr apped around a portion of the periphery of the parallel and tightly 30
conpacted fiber segments and al so through3the fiber group. In these
enbodi nents of _the fabrics of e present_.invention, there are .entangled
areas t hat hav%r%p?'fgb?s b%?ﬁﬂ]eé Eheo'oé’&q’ﬁbal?% S e TS BEER nfrogmthe
2 0 J UN 2002cheniceht bindecs ar ékhe Inresmss aiimodidniret sooftriolld akdw so
non-woven fabrigseofais, PGS itod S Uy £d16 Ry %laﬁlngaﬁ@sti'r%f@? lo)r/n one

conpacted 5 fiber segnents have tw st. The tw st extends “either
i nt er connect ecCHAPRENTHLORS Rff RIVFRLIGH HRFFCUSSd . area or there are
opposed tsvMsts. with one twi st extending froman inter-connected area to a

wr apped- ar ounds‘c;rm I p ogt'roerL_ e}‘q:d e oosnite tw st 10 extending from
t hat Wapped-am'#gr%n%-e%pm%:mrﬁh%eﬁdj acent interconnected area. -
I n many enbodi nents of the present invention, the interconnected junctures

are dense, hi ght Vi @ dRneth ekl SO iigile LHP iR nd idhUkal FElS_de:ef pber
segnents. Sone of the fiber segnents 15 in the area are straight while
others have a ¥PDEAFETd %gtﬂﬁe‘rﬂg. eg&qqmled}thétrﬁnggp d8giBRts in the
junct ur esof ol | alvsencle agb nedd taiive dsirder segrEiialgasses t hrough t he
juncture. Sonme fiber segnents extend in the "Z' direction within the
entangl ed areas. The Z' 20 direction is the thickness of the fabric as
contrasted to Ihel$ engivrtdremiahledss athdheamresentn ip¥ensianetbodi nent s,

t he \t/wappeg5aw<§@t@?ﬁ&di%ﬁﬁat0&% '@%&r{.@-n{ Rt I&gpQSBEﬁSebSt}xH’eﬁlasé Wo
unct ures i in other e i nents the wa -around_ent angl e
J|oorti ons may b"é"’o“fe(?l-"ﬁe?ﬂ rcon Cgﬁqrae p&’tyﬁe‘rcae]wt?d'pdﬁ%ﬁé'ﬁ't@?"théf"elﬁa ehe a

mul tiplixdty cinerlgapeskiecurat erieanylesekriorinvens ibat eepradheeent
I nterconnect ede JNELUr G, ¢ hd &yl 1%tﬁ%%§'1%§;§z Qe pggﬁagnr Yote) gégkhe

present invention Is exceptional, also the density o € conpac fiber
groups and t he¥®R%®rconnected junctures is higher than that of prior art
non-woven fabrics. In 2 ~JJ ~ 2002 - 5 certain instances the density

of the groups fgmgé¥tain embodiments of the present invention, our new

20 non-woven fabric comprises a multiplicity of yarn-like
fiber groups wherein the groups are virtually as dense
and fine as spun yarns. These groups are interconnected
at junctures by fibers that are common to a plurality of
the groups. The groups define a pre-determined pattern

25 of openings in the final fabric. Each group comprises a
plurality of parallel and tightly compacted fiber
segments. At least some of the groups include entangled
areas of fiber segments circumferentially wrapped around
a portion of the periphery of the parallel and tightly

30 compacted fiber segments and also through the fiber
group. In these embodiments of the fabrics of the
present invention, there are entangled areas that have a
fiber bundle projecting in opposite directions from the



junctures nmay approach the density of the yarns in woven or knitted
fabrics. Furthernore, in many fabrics of the present invention, 2lgeJUdnailgy
in the fiber groups and 5 the interconnected junctures is extrenmely uniform
as conpared to prior art non-woven fabrics. The novel -.nethods of the
present invention enplace and entangle fibers nore accurately and

predj ctably then heretofore, thereby enabling fabrics with superior
properties to be 10 produced. The fabrics of the present invention are
produced by directing controlled fluid fbrtes against one surface of a

| ayer of fiber mhll the layer is supported on its 15 opposite surface by
a nmenber havﬁﬁgagg 5Seaﬁﬁ?ern1ned t opography as wel| as a pre-determ ned
pattern of open areas within that topography. In one speC|f|c nmet hod for

manuf act uri ng OQBer%BQELM\QME’E é@%h&sne&hﬁoﬁﬁ&gwﬂ E?E‘PRFI SE o porting

the fiber web i s three-dinensional 20 and includes a pyram ds
di sposed in RYBEEDEr ANYSRELIGNE ’é’&l‘?f%%’éa%?-e%h%"‘ﬁa*ékghb YerRERactek si des of
the pyram ds faberatsegﬂeaﬁglleaoé ﬂweﬁterTEQaﬂw55tt6xt€hﬁti:hOéiM afremur f ace

of the backi n méng cée ref erre d thag ag §9c05 Jols eq;eeat er and
an 25 angle 8 7 %8888% %ceft Bht ?a%?l cs CB ’P\E} TR ‘br sent =
i nvention. Th&ebaoki hjerendee QPB@Sﬂﬁcth%tsawptur@metgwxﬁtopenings t herein

with the Ope@x%%d%bnﬂrghsi’ﬁsfﬁtéf'-égﬁné‘ééé‘é yhesecghe sides of the
pyram ds neet the hacCkin Means are al sg included, for 30 projecting

adj acent fl u?’d’agf’FQaﬁE%gﬂuﬂ‘é %h%@yp%ﬁﬁi%ta?ﬁea’f‘o‘bpm‘b? s of the
pyran do whi lextieh@ihgberohaykeat i wrapped+rsecuhy éheapyledriprtior’ td ~!J! ~

o ot Sy bl oBIFREELE! LA Llot e LEA PGS, T B oy | GubBGhaEL  ©

perspective Vi ew resen i nventi
schemati c se®fi &hal PVPewalam'aﬁih@ns the pmb@l{mwgecr%emw%medl ng to

the present iapéeakh8B, RigHIP §nt§néﬂe@xé)f@£l§dw19ﬁéﬁp@&ﬁ;ﬁf’ﬁsé"éaw of a
fibrous 10 WeSr ort _menb Figure 4 is a bl ock

il oaram showplutan Byl SPOBIERY, SoimeHPRO" S TREGE | the HINer dRmterhs co

accor diusg toinhéhpr eseat aravettabght 1oh Flgusthérs shaveli agratnbahdcini ew of

one type of spgacatiaalor SLodiclogelabrics aceaLdioo qube presen

i nventi on; ype of apparatus
for pr oduci n@“ﬂ&ﬁlﬂre‘j ﬁ@éb@‘dm %W@’f‘l@lp?%%}én@slmn?‘Pqu:IWﬁ?s? is a

di agr ammat i Ct\&h:%Wgﬁf tﬂepb’@ﬁ@ﬁﬁ?@' tYS@&né’ffZ@eﬁp@é‘éﬁéH@s foredPduritie fabrics
according to, res i nyentio ’%J ?és an_enl %}geed cross-sectional
T ABRFEEron BLERLn g cfitanafed e

view of a top
dlrectlon is the thickness of the fabric as contrasted

to the length or width of the fabric.

In certain embodiments, the wrapped around entangled
portions may be in the center between two junctures

25 while in other embodiments the wrapped-around entangled
portions may be off-center. In still other embodiments,
there may be a multiplicity of wrapped-around entangled
portions between adjacent interconnected junctures.

30 Clarity or openness of the fabrics of the present
invention is exceptional, also the density of the
compacted fiber groups and the interconnected junctures
is higher than that of prior art non-woven fabrics. 1In



30 -2 ;~ JU-l 2002 Figure 9 is a plan view of the topographical support
nmenber depicted in Figure 8; Figure 10 is an enlarged cross-sectional view
of a 5 topographical support nmenber; Figure 11 is a plan view of tgﬁ

t opogr aphi cal support nmenber depicted in Figure 10; 10 Figure 12 QHZDUZ
enl arged cross-sectional view of a topographical support nenber; Figure 13
Is a plan view of the topographical support nenber depicted in Figure 12;
15 Figure 14 is an enlarged cross-sectional view of a topographical support
menber; Figure 15 is a plan view of the + @gpegraphi cal support 20 nenber
depicted in Figure 14; Figure 16 is a partial plan view of a topographical
support nenber¢erEaii ginstaicds therdans dattafortdle Wrenpsaleawd /airong | i ne

17-17 of Fi gureud8eu I8 hiofciPatd aledd 8y WEWHS yatiPagr aRkbesal
support nenber; 30 Flgure 19 i's a partial 2IPI an vi ew of anot her

t opogr aphi cal Pt EEeEMRRELICS 20 JWTFRRFORE . 1n many fabrics of the

present invention, the density in the fiber groups and

5 the interconnected junctures is extremely uniform as
compared to prior art non-woven fabrics. The novel
methods of the present invention emplace and entangle
fibers more accurately and predictably then heretofore,
thereby enabling fabrics with superior properties to be

10 produced.

The fabrics of the present invention are produced by
directing controlled fluid forces against one surface of
a layer of fibers while the layer is supported on its

15 opposite surface by a member having a pre-determined
topography as well as a pre-determined pattern of open
areas within that topography. In one specific method
for manufacturing our new non-woven fabrics, the backing
member for supporting the fiber web is three-dimensional

20 and includes a plurality of pyramids disposed in a
pattern over one surface of the backing member. The
sides of the pyramids are at an angle of greater than
§5° to the horizontal surface of the backing member. It
is preferred that the angle be 65° or greater and an

25 angle of 75° produces excellent fabrics according to the
present invention. The backing member also includes a
plurality of openings therein with the openings being
disposed in the areas where the sides of the pyramids
meet the backing member. Means are also included for

30 projecting adjacent fluid streams simultaneously against
the top and/or sides of the pyramids while the fiber
layer is supported by the pyramids.



Figure 20 is a photom crograph of the fabric illustrated schematically in
Figure 1 enlarged about 20 tinmes; Figure 21 is a photonicrographépg Eﬂgaﬁh
the "bow tie" 5 areas of the fabric in Figure 20 but further enl ) Z
4 tinmes; Figure 22 is a photom crograph of one interconnected juncture of
the fabric in Figure 20 but further enlarged 10 about 4 times; Figure 23 is
a photom'crograph of a cross-section of a "bowtie" of the fabric in Figure
20 but further enlarged about 4 tines; 15 Figure 24 is a photom crograph of
a fabric of the present i nvention but enléarged about 25 tines; Figure 25 is

a phot om crograph_of one of the "bow ties" 20 of the fabric of Figure 24

but further eQﬁgﬁgeQ—%%5%?—%$54$ﬁﬁf334%£%¥%22?| s a photoni crograph of an

interconnected juncture of the fabric of Figure 24 but further enlarged 25

Ao 2o TeSeighauT £ 2L S A AT SLANAIN A ALARE & GhetiE BEoson!
ure 28 is

i nvention enlar ed about hotonlcrogra h of a
"bow tie" areﬁthP§¢FQDF|b"%ﬂ“%#ﬂ?¢wesent i nvention enlarged about 50

times; s~ p J UN 2002 Figure 29 is a photonlcrograph of a fabric of
t he present ventio enlar ed ahout 20 time ur
bhot o cr ogr abioBTe o2 ERvi: FeReilf set 1dfiy el of 3pgRrBusorr

further enl argeddabdogy Qaﬁri¢$n§cqordlngﬁq?JWQESprmseatphoventcpngraph of
anot her enbodi nent of a fabric of the present invention at an enlargement

of 10 15 tinmes,wherein fiber %6€nents include a twist; Figure 32 is a
phot omi cr ogr aphIBFet Relf adh | eXREoded ReF sPEAFdVer YieHePLeAl A1BEAYSboUt two

tines; 16 Fi gwep 3Rdi & BopdagtHiR Ity rApport aiamibeer; enbodi nent of the
fabric of the invention enl arged about 15 tines; Figure 34 is a

phot om crograph of still another enbodi ment of the fabric of the invention
enl arged aboufigeres4t imes; bRogjurdi@frams shoylimgarther ysrioust sbaps of

phot omi CrOgra@ﬁeoﬁréBeéBtﬁéf%‘f@&J@ﬁ]d WHAE AccdrhiByl goaesarding to the
present invention enlarged about 88 t1 nes;
present 1in entlon,
15
Figure 5 is a diagrammatic view of one type of apparatus
for producing fabrics according to the present

invention;

20 Figure 6 is a diagrammatic view of another type of
apparatus for producing fabrics according to the present
invention;

Figure 7 is a diagrammatic view of a preferred type of
25 apparatus for producing fabrics according to the present
invention;

Figure 8 is an enlarged cross-sectional view of a
topographical support member;
30



25 Figure 36 is a planar cross-section photom crograph of an interconnected
juncture of a prior art fabric enlarged about 88 tines; 30 Fi guressﬁﬁ\ﬁ

t hrough 37F respectively are photoni crographs of a test fabric 3t 4002
stages in image analysis of the test fabric to determne the clarity of the
fabric apertures. ? ~ .11l N2002 - to Detailed Description of the

Drawi ngs '‘Referring to the drawings, Figure 1 is a perspective view of a
fabric 50 of the present invention. As nay be 5 seen in this Figure, the
fabric conprises a nultiplicity of yarn-1/iKe fiber bundles 51, which extend

bet ween and ape int eéconnect ed at. J uncs:ft res 52. These filber bundl es and
junctures def FhBU%° patterh B hpaith mﬁ%%%gpiﬁgﬁi nFEPREYI'ng a
general |y squuesbenrdépintad oim Mashrel®of the fiber bundles conprises

fi ber segnments which have been densified and conpacted. In these fiber

bundl es many of the fiber segnents are parallel to each other. As may be
seen in the df38FRY, 1S iahis™Hanges SERGLOFR Y N el Bér 2bundl e

bet ween adj aceopograt igsls, suldpdrttemenerg furt her entangl ed area 54 wherein
the fibers tend to be circunferentially wapped about the periphery of the
paral | el conpacted fiber segnments. As may be seen, the fiber bundle

proj ects, frofigwee obboks t DliadeyigwW ofe thier dopographigrly suppangl ed ar ea.

Thi's 20 configempés dep Sctha] aimafilRire Qfoerred to as a "bow tie" or "bow tie
area."” Figure 2 is a schematic cross sectional view of apparatus for

produci ng fabrics of the present 25 invention. In this apparatus, there is
a novable conPigure brd tiSAn &l pigecte dros st-agectfi ohlails vihelvt ofta nove with

the belt, is @oﬁgileéap}%?égll %rp%%gto&%g{bgghi cal support nenber 56. The

support nenber plurall of pyramds as well as a plurality of
openi ngs di sposed 30 in said topographical nenber, which will be nore fully

descri bed herpigaféers #i aced o0 Vi @ff ithhes topreghpRhtaal sﬁ??@@ft nmenber
is a web of fiblgres 57. .'I'q_ilesfl n’?’flﬁhe a ggr}tvyoven web of carded fi bers,
air-laid ~ BEFREHREPLC P8I € d%i_ pl own fibers or the |ike. Above
the fibt®us web is a nanifold 58 for applying a fluid 59) preferably water,
to the f'brouﬁi&@ﬂea?1é§¥34ﬂkaﬂ¥§§d@%bcr%%@Q%EEQQORQItb?e&ogggéaph'Cal

menber, i s noved on thy
topographical support member;

Figure 15 is a plan view of the topographical support
20 member depicted in Figure 14;

Figure 16 is a partial plan view of a topographical
support member;

25 Figure 17 is a cross-sectional view taken along line
17-17 of Figure 16;

Figure 18 is a partial plan view of a topographical
support member;

30
Figure 19 is a partial plan view of another
topographical support member;



5 conveyor belt beneath the manifold. The water may be applied at varying
pressures. Di sposed beneath the conveyor belt is a vacuum nmani f Iﬁﬁ@ﬂqﬁmnz
renoving water fromthe area as the web and topographi cal support hber
are passed under the fluid manifold. In 10 operation, the fibrous web is

pl aced on the topographical support nenber and the fibrous web and

t opogr aphi cal nenber passed under the fluid nmanifold. Water is applied to
the fibrous web to wet-out the fibrous wep, and insure that the web is not
removed or 15 disrupted fromits position on the topographical nmenber on
further treat Thegreafte : ' Q%?yi 3 t he web
are passed beﬁg%ﬁet Eg %n%f%ﬂqa{:gﬁls%f?cglgg%?%??ehsé rine %%&%&s, t he
pressure of tBENGARELCRALIYhénnBATREE d! i NidRIhFRPYY AR Zomesst arti ng
pressure of about 100 psi to pressures of 1000 psi or nore. The manifold
itself consis a,pluralit f holes of from4 t Q qf,. nore per inch.
Preferably, t 2gﬁ%ﬁb%r9 g% ﬁo?%%g?%{]?ﬂ%gﬁraa‘?ﬂ foof;)&r]es C?Ofr (J)t(r)ﬂeSO bp?évrti ch to 70
per inch5 Theakgr&sohr thappabrieniel Hisreabuthdintids ¢mlardedch in

di aneter. AftabohibesWebmagd topographi cal support nember are passed under
the manifold a series of tinmes, the water is stopped and the vacuum
continued, to assist in de-watering the web. The web is then renoved from

t he t opogr aphFighraeebeisaadpBbtanieacbdraplr adfuone irdericomectesicri bed in
conj unction w; guresl = %gg% - i i pl oded
per spective 3?%&Fg99§ §8r P%nz% rf%éiﬁﬁ%r us &%%%%ﬁgfgﬁﬁﬁﬁgieﬁ%%gggé

descri bd8 i n FPguEed2timgd;web 57 conprises substantially random | ayered
fibers 63. The fibers may vary in length froma quarter 5 of an inch or

|l ess to an ing¢h and g hal f or_npre, 1t islpreferred t hat when using the
shorter fiber&*BPREl adi AY AoBRCHIMCEIHABY (Hal? (HESSASECTHOPePL Be bl ended
with | onger fPbewstidheofi biresfalyideimrfiqire 20 weltl flardverartificial)
natural or sy LEgfi 4 S s cotton, 10 rayon, nylon, polyester, or
the like. Theg&2§£%%$ %gg?gr%ég fghny of the various techni ques well known
in the &Pt, such as carding, air laying, wet |aying, nelt-blowing and the
ILke. 15 Thehpﬁgﬁfaab4p@gtaoﬁ%@£0ﬁ£§r@@ﬁ%ﬁﬁkusao&;?haﬁpbqsenb inveg%ion IS
t he topograp SUPpPOI.L [ enbodi_nent e _support nenber upon
whi ch the mebbggg?ggogﬂgﬁngﬁ?%e?%% %ﬁ%ﬁﬁﬁ?éﬂﬁﬁﬁ“ sgéfkﬁﬁfspresent

invention is shown in Figure 3. As shown, the nenber 56 20 conprises rows

of ram ds 6 i €es i i d uh-Q,,t wrections
oy 3 HgUEE g0 £E s CuptoblIS QA U5 6 O 00 el

per pendi cul ar t0 eac ; e ces o pyram ds are

her ei nafPer r@fetheqfeabric of; Hgurehkpt Hardhere endardednabrEtpyrani d' s
are hereinafteimesterred to as 25 "valleys"” 67. A plurality of holes 68
extendi ng through the support nenber are disposed in a pattern in the
support nmenber. In this enbodiment there is a hole disposed in each 30

val | ey at theFaghrer26fishe Rhgeenigreghanie® gyy dmteycannegtedach cor ner

where four pyPaﬁtﬁaraeef.tH@efMﬁé ot Eitrs 29s vt thetpuraghdargebiend at

| east pggtlala odp Shgigég?s of the adjacent pyramds. The criticality

Figure 27 is a photomicrograph of a fabric of the
present invention enlarged about 25 times;

30 Figure 28 is a photomicrograph of a "bow tie" area of a
fabric of the present invention enlarged about 50 times;



2 0J UN?2002 - 13 in the topographical support nenber of the present
invention resides in the angle the side of the pyram d nakes mﬁt?fhhgjugmoz
hori zontal plane of the support nenber, the placenent and shape
hol es, and the size and 5 the shape of the valleys. Wen a fibrous web is
placed on top of such a topographical menber and fluid entangled as
described in conjunction with Figure 2, a fabric is produced that
unexpect edly has extreme clarity and regularlty of fabric structure.
Furthernore, when 10 the topographical suppert member as descrlbed in
conjunction with Figure 3 is used, the fabric produced includes "bow ties"
as preV|oustFdG§Gﬁ|BédlSThephﬁngl@hegr@hb gf desfaprihieohHythari ds make with
the horizont al,rglsgaRe FHSENLEoAl chfaSGe@5aBBdL PEET€IRPLY 65 or nore. 15 Ve
have found that if the angle is 65 t0 75 it is especially suitable for
produ0|ng fabrics in accordance with the present invention. To formthe
"bow ties," oFigheectociafarphdtahiyrogappedoens angbwdt fetberreat eas, the
holes in the 0 c t r S t si des of
he pyr adi do. o) SePErEcaE PYARL JFOHRETBEEnEPToh] NG s 113 2t “The
corners of th&ipgsani ds. Fbles at the corners tend to inprove the
entangling at the junctures and the clarity of the final fabric. This is
especially trye with he heav e 5 faprics. The d of t
val | eys at th%ﬁguﬁssé Wil 8 cBRPF R ﬁ%gmwg apqkhey \%ﬁé%"}fé’tyé‘&n li ke
fi ber bundl esabéfnheen bﬁethatpresanécimdehuncmuaEsanIenxnnghmanmgc&he fabric
as deschrigped i d t f J npi nges on the
fiber méﬁp 1§rﬁggg§tﬁﬂggﬁggrglgganég%&éﬂééVg$§fg§§ﬁ%J%H%ﬂa conpresses the
fibers into the avai l abl e space. It is theorized that the fluid al so
produces an "@eddyre 92 @s a* photomrcrcgﬁ@pﬁ of l¢he Cfdti AloMHtiigreds it is
driving the fi ge%std ﬁbo th elva f|Q€ The conbi nati on of the opening
at the side of t k&8 gPE 8~ afid ?h%e oF%%s E%ﬂ%e fi ber segnments to be
circunferentially w apped about other 5 fiber segnents. Durlng the process

subst anyisal | Yﬁ%%rgfﬁh?sfbbﬁﬁét@:ﬂ?c%éi’ d@%ﬁ?ﬁléfbase Rirddit BY! am ds

so .that the aréa of bric_ correspondin the pyramd is
V|rtuaIIy dev&hg SPbFFEePg tﬁﬁ F?@%?E*Qﬂ|%“%PEH?RJ@QRQﬁNkﬂnFﬂWﬁﬁvng t he
various steps in the process of producing the novel fabrics of the present

i nvention. t . gt n s .0 td,00,8 web of fibers on
a topographi cgllgg%%po?t?g g %ﬁ%én%%?&?%ﬁ ?{' sr%ﬁgivéve |hserpre soaked or
wetted 15 out ephpRémentt Af sthepfakricephekhe Bonvetion amlangechabons it is
bei ng t p@at edsist tWpkk;remain on the support nenber. The support menber with
the fibrous web thereon is passed under high pressure fluid ejecting
nozzles (Box 3). The preferred fluid is water. The water is 20 transported
away fronttheFagpperﬁSnmsbarplwnefeca@eq-ﬂs¢hgom.phmnnmmqﬁhgraﬁh ofhe
fibrous web ig.d RyicToR o enoved
fromthe supp%P gntg%gsg é é §QQ%€@€orne §¥%g?£ paé%§§{5§ékﬁa series
of drying druﬁﬁeﬁénﬁr9”Yﬁét¥ﬁbr?Bl§Eﬁﬁd79b°“t “88 times;

25
Figure 36 is a planar cross-section photomicrograph of
an interconnected juncture of a prior art fabric
enlarged about 88 times;

30 Figures 37A through 37F respectively are

photomicrographs of a test fabric at serial stages in
image analysis of the test fabric to determine the

clarity of the fabric apertures.



25 The fabric may then be finished or otherw se processed as desired (Hox
8). Figure 5 is a schematic representation of one type of apparatus for
carrying out the process and producing the fabrics of the presént JUN 2002
invention. In this apparatus a f oram nous conveyor belt 30 70 noves
continuously about two spaced apart rotating rolls 71 and 72. The belt is
driven so that it can be reciprocated or noved in either a clockw se or
countercl ockwi se direction. At one position on the ?~JUiIJ 2.002 - 15
belt, in the upper reach 73 of the belt, 10here is placed above the belt a
SU|tabIe mateB ej ecting manif old 74. ThIS nanlfold has a plurality of very
fine di anet er =Hof doPeseriptnon gof the Drawings di aneter, with 5 about
30 hol es per inch. vater under pressure is driven through these holes. On

top of the be 0 upport, menber 75 and on top of

t hat topogr aph%gé?:?kﬁb{?g ?jﬂé (?10%, %eball.?t&flpg ForhdErsPestaved. D rectly
beneath the wWit@Y @hntfHrErieu30 umficthe Prerentpperverddom.of Ashealyebe, is a
suction gani f 8é€n77nt &hoé dFicjhf@)'%é‘QféEFldvaécﬁﬁ AL Pl e%%pf%gﬁfiufity' oodi ng

of the fiber b, V\at [ fr f ol es on passes
t hr ough the—t%g f%’é? g’?ﬁ) '?‘F&Irﬁfe 5d]ar %’s?q} &Wé‘@ bgtiRensangi on
mani fol d. As ¥%§ lﬁt@ecommmcataad juﬂrB:UnmgiaphlmﬁseSlﬂﬁbett baRales Wi th

the fibrous wﬁdtm%é@yd@ﬁﬁ@sas?%% 396 rllnfggl dja, %Fbgéﬁ()f times

as desired to produce fabrics in ac resen tion. 20
In Figure 6 tPRFRINGS RAY ISP LPnaHkt Eavage mflﬁummynpr oBachng

fabricsion amﬁrﬁwcmmt I‘btix’(tﬁlens" %ﬁﬂﬁrld’é&fﬁl‘m sE'&'m@n%Qh@H% c
representati é)rt appa({ at us includes (iﬁ’mé:% elt 80 whi cﬂ act ual l'y
serves as th opogra Ik LF; SSTIPAfE o"’redgﬁE’@rZB“W%ﬁsthe
present i nveritanin. Oﬂ'h’ehﬁbeﬂltbﬂrs samtenhm@ql paraddeilnta eaunt ethépckw se
direction abqu mda tu{fﬁm@f&a@ﬁdgs ‘é%'ﬂst‘é%@é@q? §9°§ed above this

bel t |safIU|dfeed%P mani fold 79 connectlngaplura Fines or
groups 81 of TF%¥§Le Eé%{“’ctf%u uned & t&e%aﬁﬁﬁéenémuwtvmg,fu ne
di anet e¥5 hol dshesie hi8(a cfurrex Iwita&:ql@rd iaela. 5Ihenaaaiﬁotﬂlel #1584 pped
with pressur es 88 f ti the fluid
ecéiﬁi"Q?oS l:?g &%u(}n%gfe or| lg' yraapggoggagg gh ng}bezry

pressure in each li1ne or group 0 16
beneath each @F ithe danalded conpasted £ibert segmentber B2 fay benovi ng

excess water sedit], itheebdrhedupaaa proferdue sbbaodhog %g&g% b;{%é@b 83 to
be fornmed |nt%&g_ﬁfabr|c of the present invention I's ?% to the

t opogr aphi cal oI GRS d’&r’r\?g);é'r entpnglegdt areps sPriged through an
appropritat e el iz tdireiro maehebmawsewebeteraéa- 802Ks 04 D& Veiedr the web
and aid in cyn@ldy G d gl hers as they pass under the pressure

mani fol ds. A suction slot 85 is placed beneath this 10 water nozzle to
renove excess water. The fibrous web passes under the fluid feeding

mani fol d wi t Filgmeereniifsolad sehehatabl )ﬁrb@!i B@cﬁﬁ!ohﬂﬁr@ﬁéﬁ%tpr essure. For

exanpl e, the I of hal es_or fices fluid forces at
1SOWBS| whi | %lpa%étr‘i{esg |H§ ggf:lfg 8? If'ﬂ‘l(cfésofrangxﬁ ’E‘?@gfﬁ u:Ji:I forces at a
pressur?-é of 3pyepdiionand Imh&hlissappanesuef thetecks supgtabld uid forces at
a pressure OtofdeyRY bel#088N shy Ehubedsyapwbngf'wleé x?{n?“é jces are

shown, the nunmber qf .lines or rows of orifices is not critical, but wll
depend on t h@°ove wlth the belt, is a novel configured topographlcal

support member 56. The support member has a plurality

of pyramids as well as a plurality of openings disposed
30 in said topographical member, which will be more fully

described hereinafter. Placed on top of this

topographical support member is a web of fibers 57.
This may be a nonwoven web of carded fibers, air-laid



20 wei ght of the web, the speed, the pressures used, the nunber of rows

of -holes in each line, etc. After passing between the fluid feeding ?Q@ 002
suction mani folds the forned fabric is passed over an additional “stcti #
slot 86 to renove excess water fromthe web. The 25 topographi cal support
menber may be made fromrelatively rigid material and may conprise a
plurality of slats. Each slat extends across the width of the conveyor and
has a |lip on one side and a shoul der on the opposite side so that a

shoul der of one slat engages with the 1i¥%l 30 of an adjacent slat to allow
for nmovenent between adj acent sla s _and a||OM/f these relatively rigid
nmenber to be Sn T gﬁﬁW@&& FPESSE CGurRE §hom§gPﬁengﬁre 6. 2 ~ ~I
1 P~ 202 - ¥Abroyw efedr ried aappaidiols E@rfprodppﬂmgngabrf¢91dn5accordance
with the pre £ dy ! 'w%er' St%C%réaff'l%%'o@é geRl g Eeghbnffb%{xs pln this
appar at us, topogr phi cal ‘support nber is aro 88°'5 The
drun1rotatesﬁqPR?Q%%MF§¥GPGC%ﬂF§€rGPPé@PﬂoWe&H&rvnéPuB@geﬁ PRukheity of
curved @ at ef‘ccﬂikaey*ba:\llﬁﬁg.tt bendaghr efet &a@gﬁaphl cat‘naoaéteﬂrﬁ&yOBe di sposed
so as to forlr 1 %;O terxsu%facee%f th% m_ D Exs ede agg a portion of
t he perlphery J?Jt U y§ g Ranrordsso o Eonnec g ?allty of
orifice strlgﬁpnM?ﬂQn'hgﬂ& \isng wap@nmomaouﬁ@ﬂdfﬁg|dororambv dueated 93

placed on the it HHEE ardaf a%etafe UE% auaveépal;%ﬁﬁ1CE§CQu9§b{—tce strip may
corrprl Se one or nore rows or \very pr oxi mat er

5/ 1000 of anWqﬂﬁ?qwﬁrFBHqﬁﬁféoﬁngﬁraﬁ%Fnéﬁuﬁﬂ BPBﬁﬁPi? Tﬁgre may be as
many a0 oropatdtdlors p:ere |fr1¢ahrotms webe iisf pdagededn YWheéer or other fluid is

directed thr re r i h r u (o] i ce group
is incr eased%ﬁ%h% rst 8&% 3‘%3‘&9 W%nﬁ %?'% Eﬁbggggg\ggﬁb&%sses to the
20 | ast group-opRexaphdealy @eim@e@'onasgleneunsyrappeoplna@emcnnf«pb:ﬂ val ves 97

and pressuremw%&%ppm%ddwmm% QQBQ%QEeQeBOté @H{-mo&é amewhl ch a
vacuum rmay be e area from

ul | ed t in renpvi
TP | o sieB et Brsutenshass the' HRR. 8 BHE seetfed Wogr aoni cal
suppor u&mnberszﬁtpﬂaelf dirent Heswpbei tépac bnngheatbpoydalicdhemémipeous web

passes under ﬂhrté?x%rort'xfea‘iﬁeﬁtt“ p%h@?%ﬁ'g%]gi-or €§Qf Eé&%@aéﬁ?%éf I n

accordance Wit e present invention en passed
over a secti GRRECHh@eIPerophgr &bSi ¥aP 3uFpBRESREnBEReAR ER®tim 95 where

there are nomarnﬁﬂdm 3 HeSesbdif ¢ameen | BueRy auesetpabeeapp&n@d The
fabric after bein ggﬁﬁred LS. re from

nn¥gd 2.% 13 ..~ 200z 3

the drum and BF& S WaEPred NoiNg, PADAAS 561?olﬁ?§e?ﬂ% f%ﬂ??c
Fi gureg08 thraomjiaz‘rsirar pressuseseft aboalt a0d pkante presswsesfof/ari ous
t opogr aphi Cal PR JIPHREES ! Al HEN1P814SeUsklrACoALAAACGMAN he

present invention. Inthese Figures varigus pyramd configurations and _
patterns of GIMRAJEN Rft hed@sbefudegm A £Re100 or more per inch.

Preferably, the number of holes in the manifold is from
30 per inch to 70 per inch. The holes are approximately

25 seven thousands of an inch in diameter. After the web
and topographical support member are passed under the
manifold a series of times, the water is stopped and the
vacuum continued, to assist in de-watering the web. The
web is then removed from the topographical member and

30 dried to produce a fabric as described in conjunction
with Figure 1.



t opogr aphi cal menber are depicted. 10 Figure 8 is a cross sectional view of
t he topographi cal support nenber depicted in Figure 3 and Figure 9 is a

pl anar view of the menber. The support member depicted in Figur&s)&ldhd0e?
produces a fabric as described in 15 conjunction with Figure 1. As shown in
Figure 9, the pyramds 61 are square at their bottom The pyram ds are
uniformin nature with each side 66 of the pyramd being an isoscel es
triangle. Each of the pyram ds conme to a point or apex 65 and the apices
are aligned in two 20 directions perpenditdlar to each other. The bottom of
the pyram ds substantially abut each other so that there is a valley 67 of
negli gi bl e wi dfhIBEE whelt tHe PIRIRISH RIFSRRFTEIMNIY1eThefapgPertign fhat the
side of the pythei fliedies wéh hridesdppdmontiealbdrs dagrerasedatial yigGre25 The

t opogr aphi cal sup I NG i LSp at both the
sides of the p%ia%ﬂgdés Bhd he&lc"g)%nles%sg t)%hetfssr?%%g:yqrag%idggggog'hg\‘s}ﬁ.gr?rée

openi ngs at thé&ike¥angd. sithes fobhanm nay tMerYsiided epthhérpypr antidarseri s
shown in Bi gur gf 8an 30hdnh W efeskd N tnl ki fiaPiata aneaher okopegeaphigals
support nenber that ma t}Pe us%d in a,ccorq]anc Wi t h thg Eresent i nyention.

Fi gure—10 i s aPEPLRErRthandPan dFHif they shortgr-£3865s. (18C1pdige 11 is
a planar view wdbd pylmni dser)0Ghate tife snzsttaftiibelrisy bbhbleadedcwith gur ati on
and al i gnment  SeA ct | skl . e h ci ng
bet ween the si egc,&%fosﬁe pyT a(r%nﬁd:'I rl:tl(?efqloé{ %%\glb%g%n?of'f?gﬁé {':s'ﬁ %t%r’n?‘?lgl |y
greater so thaTEheloiehi Mptusd i9F (SO EheIe6T féﬁeé”éll SUEPoRE AREBRP: do not
extend upot he sages, alyldre, poBEster , Tha amef ildweat | PRed@abCheyd b& Figures
_ 10 and 11 ca? be &us%g vvith%#;q:ag er_ wei ght_ fibr.ous vvebzla? there is nore
room for the fFBEPEd Y R Sfpddted i Bt KESHHARES) HELL FPPWR FYr ani ds.

Fi gures 12 andthé arfow suth @tdeardigthodiiredaydinga wepodapphgcal support
menber of the pgesoM owiNEHAPRhd Nk s enbodi ment, the sides of the
pyram ds 104 have a 15 conpound angle. The portion 105 of the pyram d side
whi ch extends up fromthe valley 106 is at an angle of approximtely 80

Wi th theiborizpné acritildel ot ioh KE7 tife tppapuras dfStHe présentng down

_“~--n the pyram . | S | e of ximately ~=~. with the 20
hori zont al . Th@q%%‘/gﬁ?%ggl]esoﬁzoﬂﬁ kﬁao?o?o}"n I glj:faétt isgﬁ%g)%%pbfgn?ﬁs i ¥Chat the
formed fabric emjodmentt ofddid supnantedemben mpent whbgh aphé ceeb simport

menber. In thi sefefed Mo AMNIVHIJUL T & DROLRE Blebbfe Sides of the
pyram ds and o e di sposed at the corners 25 where four

eni ngs 110 ar
pyram ds neet. 9?“'3‘?%%“ b MR e BF&icngs A5t SPREN; BRE BEMReR 381 ani ds
are sligholy |comeriddmnrdwse apqyragsided dilhe ahenapicesi giires tide and 15,
h t t i t_ jaf i Gal i
show yel ano zt-ﬁﬂi’&é“al}f‘é‘ aﬁ%r?ecﬁ%& %{%grﬂﬁ'c%ﬁﬁg%P%’g%nﬁg@ﬂr'%

accordance wt e present 1 nvention. In this e e sides of the

pyranmi d are no®a¢hidEhen. TIhe SHIRINY SFFLares @f EhenPpyrRkds 3k
substantial |y NeFféiwafterhiderdried arfdiay) "eddes" 66 and the spaces

between the pyramids are hereinafter referred to as
25 "valleys" 67.

A plurality of holes 68 extending through the support
member are disposed in a pattern in the support member.
In this embodiment there is a hole disposed in each

30 valley at the center of the sides of adjacent pyramids
and at each corner where four pyramids meet. The holes
at the sides of the pyramids extend at least partially
up the sides of the adjacent pyramids. The criticality



2 pJJNZ2002 - zo 114 of each pyram d nmakes an angl e of approximately 70
with the horizontal. The support nenber includes openings 116 a8 &hﬁWhZ&Ey
nodi fyi ng the shape of the pyramds in this nmanner, the fluid forces
working on the 5 fibers can be controlled so that there is greater swirling
action being acconplished in the valleys 115 between pyramds. Figure 16 is
a planar view of a topographical support 10 nenber in accordance with the
present invention, and Figure 17 is a cross sectional view taken along |ine
17-17 of Figure 16. In this enbodi ment “thé pyrami ds 120 are equal sided

wi th each side ing an angle wth the horizontal_of about 7~0. There are
two openi ngs. 1216h¢  SePRafrPafedl orer Bt o h B dReesThg (o

openi ngs at eapWestilenofesidepyimnthe anplarthe tgidd ohdvhe imramisy be

formed betweepapdiageph tRéeR&PIIWELH pIlKd WL ddppdialerdidr)i . 20
Figures 18 angl 19 gre lgl anar |§éws of preferred enbodj nents of
nBef e rERRt 9

t opogr aphi cal ¢t RN Ve itesn e G ante

pyram dssare therssagedofintheinvdbleys n cihen guriivrsus lwebd-i gunpd akfed here i s
an opening | 28 ppsitien r. di | ' f, 25 the

pyramds. In Fi g?% ég ﬁce}?eag#%po el |r?11(gjésaa€§§gné_%hhae@si elgldof the pyram ds.—
There are al senbpBdiedsag 2destribrd ct rRATY) UWHEFIOT Gt \FigHaes 2red . The
openi ngs at thgbsidessOproéMecdy rawd €luridepasdti gty hd Arddeirdne F1@igr than

t he openings at ,the corners o e 30 ram ds. Tqpogr.aphi cal s ort
menbers of t ha"BrEEER afh@%n‘?%o}na b%y If?"om%p\)‘ﬁ‘%ibd{)f'g“%'er“i%p"s, such
as pl astbcs, the topégraphi@dDsuptirt nembex; aandiddoribdde.inThe material s
used should n [ r [ ; '

I Mpi ngi ng on teﬁgﬁgﬁle‘%ggé@#%% 1?%%%“6512%? t%sl:eéh‘se'u 1irﬂ)ﬂ(gératctt arf‘rslfrrlb('}e%et sc{égul#eg not
contai n burrsibBflegesr"papetiest i%ﬁ\?n\?‘ﬁtﬁu%d{)ﬁf%b@dﬁel dhey @nglenpot h

surface. It igh@tetRerefaédads e PipROIIdBEIQT Widh RhimdHiv rlaiished as
it is believed,that _a g r face aV|tngEf§,oma ri cet Qn I cr]gtasroactrerl stics is
desirabl e in BF33GMAEEtRE $ab T of” t R DRETER A et of” MECHi ne
fini shediSsurféeeBanaveownd bt fburtthe @rigel esigedS 1Yo SAH% &l dsf or
produci ng theefgdéi &1 9l shMCaPIESEASY ProRItiR £ drt k! i $RTdanckhe
t opogr aphi cal sugport menber has aé),l ural ity of openi r}’%s di sposed in a
pre-deternineﬂlt the present invention. To form the ow ties," or
the circumferentially wrapped entangled fiber areas, the
holes in the topographical support member are positioned
20 at the sides of the pyramids. Holes also may be placed
in other positions, such as at the corners of the
pyramids. Holes at the corners tend to improve the
entangling at the junctures and the clarity of the final
fabric. This is especially true with the heavier weight
25 fabrics. The width of the valleys at their base will
control the width or the size of the yarn-like fiber

bundles between the interconnected junctures.

In producing the fabric as described in accordance with
30 Figure 2, when the fluid impinges on the fiber web, it
drives the fibers down to the valley floor and
compresses the fibers into the available space. It is
theorized that the fluid also produces an "“eddy," or a



15 pattern as well as a plurality of pyramids either four-sided or
three-sided as desired, with the pyramds making an angle with theq JUN 2002
hori zontal of at |east 55 and preferably betw-=n 60 and 75. It is preferred
that the openings in the plate extend up the sides of the 20 pyram ds,
though this is not absolutely necessary, but it is believed that by doing
So it is easier to obtain the desired conpacti on anongst the fibers being
entangled. 25 It should be pointed out that not all of the holes or
openings in the support nenber need extehAd ctonpletely through the support

menber. At | east sgrre of . the hol es may ext end onIy artr ally through the
support menbef1pFY ?Heﬁ"f'h%? PavES & ST e R SR pt Corth
prevent the uwmdd3eyableofl owing tarckimdtide 6f utlde dpﬁextxm; raxcichfel ui d or

fluid with to0;8eegt BnloboeafloWmbatle | P10id Mol dbPlcd 0 TANUNO area, it

may di srupt t esire rear rangenent
Figures 20 t hFEERANDS kP ebeheioritierfRpial bf warnsd @Qﬂ“tt r?éhr?rresent

inventiop. Theibabr seginénts S00D@F Brid) mqb&o&@eﬁr Is:umwamayyernf olger s,
the fibers be'rr_ﬂg % ﬁedenl er ndvhaénv?%a?s £ﬁ§ Ieng q] inch. The 5
fabric was forfted-dn-a°ptafe it ar° e $7 Xed nqyl@ﬂlrl %35Rith the
hol es at the thdtstbé aheapyf avhelst a3y ihtd¢grrespending dicarthee baskanft he

holes at the gqen {r:?aﬂidti@ @Yf@&%ﬂﬁy dd\vo d ade Pk four - sided pyram ds
with the sides nmaking an angle to the 10 horizontal of approximtely 75.

Figure 20 is a plan view photom crograph of the fabric taken at a
magni fi gat i onFOGuPe &i i®sa Phockyd iy shdwind i ey vaarilduenstebst he fabric

' ber Cends: anihaser SOHBE O pbancing e AP A rdsdnda® ¥ 4B s s
mul tiplicity pfeganf- inkentidmy g?lwrﬁlmm stRrsen grluwpspr@rcessntier tonnect ed

at junctures 38319Yo£'99&§bc9fmpfbél% P! AT dd g &h a8 %g;se&and define a
reguI ar squar attern of openlt n Bet ween i nter connected” 20 ] unctures are

"bowtie" ar eﬁ%gﬁﬁﬁ (BPY¥ut - 21Th %*P’%?H%r‘@eé?re’rﬁ Rife1nakegy or c WEEtRAgur e 20
at a magai fi cautowhble76nt tinks sugbahtovtenirer ofBdxhe )f itelengurepthat

bow (i o' aregsoly e babh CerdSedBY D%, 2R SRk HARRLOLEBEELY the

center of this fi roup; are fiber Seq}@ € W apped
around at | ea@?mﬁef)ort'%ﬁ SHPRPREL RAmhATr fidrause wen §hergrnl y

conpact ed fi beé psgaeatﬁna@ﬁtnr@kqoméwé mariraléi@ﬂﬂnb;eho%qee, i.e. a
"bowtie" gﬁ I S30 an enl ar(ge nt.of o bf elu tures of the
fabric depi ct P guF B Jore ﬁ%’ Yrd Ji%c"faﬁbeers S‘I A ELy18f fiber
segnentQOSorretnans\ponbeap@w fmmmmobmpmtamQrmdzy :plnefreglablyhr ough the
juncture whi Igﬁl n t% Jathiam 2099 4)23 .ﬂ;greg,[ X e ARP SR F%e al nost

a 90 bends wit e structure, 1le stil t her segnents
di agonal pat h(BSXtHby pERe @%T%"gﬂf%%ef‘f Jrapric 1s removed from

the support member (Box 6). The formed fabric is passed
over a series of drying drums to dry the fabric (Box 7).
25 The fabric may then be finished or otherwise processed
as desired (Box 8). Figure S5 is a schematic
representation of one type of apparatus for carrying out
the process and producing the fabrics of the present
invention. 1In this apparatus a foraminous conveyor belt
30 70 moves continuously about two spaced apart rotating
rolls 71 and 72. The belt is driven so that it can be
reciprocated or moved in either a clockwise or
counterclockwise direction. At one position on the



5 Figure 23 is a cross sectional view of a "bow tie", area of Figures 20
and 21. Substantially parallel fiber segnents enter and in sane instances
pass through the "bowtie" area. Also, there are fiber segnents i? 5hﬁﬁ 2002
"bowtie" area that are circunferentially wapped about 10 the yarn¥l %'
fiber group. Follow ng are four specific exanples of a nmethod for producing
fabrics in accordance wth the present invention. 15 Exanple 1 apparatus as
depicted in Figure 2 is used to produce the fabric. A 300 grain wt. isocard
fiber web of 1.5 20 denier, 1.25 inch stagl>dength rayon fibers is
produced kiy the nmethod described in U S. Patent 4,475,6271. The web is

pl aced on top &%« fdPnth§ BPREE WRRER V< SfppBRtBEIbn BP&FT &)S RA35%

belt. The carriadbbvieelhei dedtl?d xuliBaplai navereepotyisd etamifwid | anent bel t
25 supplied by I ke rks taop, JW.sc | Ny |t has

war ps and shutgﬁagogbggﬁgﬁﬁ(pggcgjp?%réﬁghgtg? 5%%§agpﬁpé%“§g%5g§f 44% The
form ng pl ate hedes ppsf pbeuss74RB0A PR Engipeh1in dirmeter eyWwithie (105) of

a pyram dsi s ahpantanel foks’fededheRs tRatBe 3RabPrprodddle AWl dbBydipak
Teasur ed di 5t a bEoUERGEhESEI B eFe . BAStPRCRE(CHEPER) ThPIARPY et i cal
hei ght from valtoppgirhpbical06hpporpymember apgxand 200 Loy dDXhat?24  (108) is
- 090 inch (. 22%osglljgﬁgggxg'r]hgxfgkge%hf§bar-99§ 580l (b OG-y fadi us.

The pyram ds are ] squar e gattern_as shown 1 n Figure
13. The pyrami 83age8-spRaEgcEAYOPOBS2tRACKNE. vatemmarhield, bute Wded es at

the sidegoof tkBepupperdgelaneod dhanpegt, ols. H32uttidh (mdHi fdla and dde
hol es at the caqrners g

f th ids._h di t . 025 inch (..064
oo > She! ot BoRs 1B RembREngY ERR, PRe8E Fof PHENERE by Proodifh bfon,
orifice being she0fiberhweb0ol SWakpri ired thamearifolheirpiregesvein dihe he
plate is passe¢;uadeqe Depgge%éotﬂraaehweﬁaeeo%apa & t&(f%sléi on the

web on the fornln% menber. Subsequent “passes are”  made at 100 'psig, 600 psig
and finally thPeBPEEs8BE AF TEMOVEY| BY Bhe HUSEIQN MR at AR WA ds per

mnute (951 15peehpprepibatBiNUtAE 8BPodthPhAcXBCsupp&ft Iferiberhes thbfl cnm) of
wat er . Photoni%&og%agggugfwtpet egultingyfgbric arg quict din EG%’%FS 24,
25, and 26. Fig Fe 287 P85, 5 anar 538t8 C Sg?gﬁﬁe Y S gl S iMRA of 25
times of the fabnuabprogfictdmeFhasfdpsiredohprpreduce dnbuias gincity of

yarn-like fibepcgbpdRnce wR¥AdLRE gPasedbeiRVeft Esnare interconnected at
junctures 206 by fibers common to a plurality of the bundles to forma

pattern of substantially square openings 207. In the center of each bundle
t here i s2an entangligdrar éatBbré” bswdepityedO8n amppdrmd fatr ent angl ed ar ea

t he bundl e ext : S| LEkect] 1S [ VS in the
enl ar ;ement )Iéi Sggglggog\%%?chkggggiﬁgg%???%gﬁgﬁ %?Péilgd%%e?sd fo g:‘r?le% |
"bowtie" arecaP5PSERE ABNPPEiIEN-Fi §hie Sgheppbienreprpgsantatdeonc @fpithees a

plurality of 3@ppakatusegheni@evhaclonveybpopett agisl wrid tatd@laad yand which
extend about a obtgon o& thgogerlghgré gf t he bundlg?to.nalntalgethe
fibers very tiGREVYScBRpaRFedCPRPRAPRISA] FUPRORRIATIITatibR ST S ehes of
one of tR& with the present invention. The belt is continuously

moved in a counterclockwise direction about spaced apart

menmbers as is well known. Disposed above this belt is a

fluid feeding manifold 79 connecting a plurality of

lines or groups 81 of orifices. Each group has one or

30 more rows of very fine diameter holes with 30 or more

holes per inch. The manifold is equipped with pressure

gauges 87 and control valves 88 for regulating the fluid

pressure in each line or group of orifices. Disposed



2 ~,~'~~1 2002 - 25 interconnected junctures of the fabric of this
Exanpl e. Sone of the fiber segnents extend directly through th? jnumqlquz %
whil e other fiber segnents extend at a 90 angl e through the jurnctufe, an
still other fiber 5 portions are |ooped and tightly entangled within the
juncture. The resultant fabric is tested for Calculated Strand Density and
Clarity Index as described herein. The 10 Cal culated Strand Density of the
fabric is 0.192 g./cc. and the darity Index of the fabric is 1.119.
Exanple 2 15 A fabric is made with the apparatus as described in

conj unction wgdhdattla@hl orA¥l ceondinlel @RS g2BdpPakageteEeidhenbhiBesame with
t he exception 1{4;811 the starting web vveltghs 1680 grgl ns Eer sguarF gard. I n
the process afier Bnd FLYENG: FGEFs¥Gt5ha 8RS HHsEeEP BBB 206°psfi°The web
i s exposed to undwe fAszddngt. 100@ fdibgr Repl adarophet barwedginpb thet he

resul tant fabrif,)is YOWhe BrEis@hie iAtenfofBYsbeegees. chough this fabric
is nore than 5 tinmes the wight of the fabric depicted in Figure 24, the

fabric had extTRASTARRICR) SHPPORE FERLRr25°B¥RYPEnReLFe vERGeHekSe and
conpact ed. Thesgrydd thaughs ah @ppupprabteki heeziegaenvatonthdi ch the fiber

segnents are gg aral lel tightly_ c : t of
each such grog%q?%goﬁaén*g%t %%g#’%& %%gz}a( \?\Agt hké %ggglgo{ﬁﬁgfw%ﬁeg{}?béfgs@l‘;nents
ci rcunf er ent i #IEIA Wingpbe LidersaagothpynPasst hedeer tpecpyessuree

ya{ n-1ike fitbgﬁartgirm_ 'st.i . @ sg@:t;:i!%gnwstlioe." 88r Qa-pmfzé@ {:{e@@étgr@wwtarg .

i nterconnecte unct yre i bers common to plurali roups to define

t he pre-](ﬁaterr?‘faf*eed’I n%zﬂa. i%%%\@dﬁ -exfésspg?{:%’fn o?hEU%g}Pgﬂ‘f?a‘t’??/ squar e

openi ngs. |t ipasaesnirsiergthe fdtddt faedihg pabhifohdcvathtyheloes not

decrease 10 Ayl ANty St hads nNen! 3ELE2LER OB LD EAS Py Th S Of
St 5 CORv f g or

course is contrary to ) entional entangling or nonwoven fabric
processes wher@&apPkepbtihe kdr§ht liinese85eBolefeCpaPy &f HCeF araY yswpPhe

fabric deteri oraiiRs foided wapildloy psihewhabei enef nékts1exegmbe is tested for
Cal cul atesd 10 oSt.r nd Density and gar.idt)é Igdex s_described herein. The
Cal cul at® St id R TEy SPPRRY FABAfcEPECEo288 B, PEESSUrE Thes® ari ty
| ndex of the fredri @nds the42@8stFilgmes 28, orifacetosopply oflwjph forces
magni fication f4f »Qrkadir@®e0hodnpshier eHBAGhMENk Plufa"Do¥pi)fngarea of a
lines of orifices are shown, the number of lines or rows
of orifices is not critical, but will depend on the
20 weight of the web, the speed, the pressures used, the
number of rows of -holes in each line, etc. After
passing between the fluid feeding and suction manifolds
the formed fabric is passed over an additional suction
slot 86 to remove excess water from the web. The
25 topographical support member may be made from relatively
rigid material and may comprise a plurality of slats.
Each slat extends across the width of the conveyor and
has a lip on one side and a shoulder on the opposite
side so that a shoulder of one slat engages with the 1lip
30 of an adjacent slat to allow for movement between
adjacent slats and allow for these relatively rigid
member to be used in the conveyor configuration shown in
Figure 6.



fabric according to the present invention. 1n this enbodi nent the

t opogr aphi cal support nenber used to produce the fabric is as described in
conjunction with Figure 16. There are two entangled areas in the 20
yarn-like fiber group, with each of the entangled areas conpri singasan !UN 2002
plurality of fiber segnents which are circunferentially wapped ardu
portion of the periphery of the parallel and tightly conpacted fi ber
segnents within the~yarn-like fiber group. 25 In Figures 29 and 30, there
is shown yet another enbodi nent of a fabrily according to the present
invention. Figure 29 is a planar view at a magnification of 20 tines of a
fabric nade frémPaedeorsd grPRRR2KHS f£PBr BUSIREBNAhERBFACEheNfi bers are 1.5
deni ea , 1.25 1 ra@&ﬁ&aaal:e efgt kheapeasehleihiveat ivab hﬁssbﬁ&ﬂaﬂi@sﬁﬁﬁeﬁb in
accordance with the present.inven |on usi a_topogr aphi support nenber
similar to tha E%Et%Fed Eigﬁre ~ fB 5825 ap§8r9£ oF gﬁ?es 10 and 11,
except that th¢0D0959paneaﬂesappoehymbmhgr maraompsabablea@h@m 9Man bei ng

circular. sThe syt ar%erwaht:egmlhnawc%htailelseweﬂsd air&éel&ﬁldénd The slots
are long enough tQ extend a val | e oor fromt center of the

si des between tR§! H?P&n?dBIHEFg§§YaHflﬁPEV%écP?BHeFo9%heh%%h?%rtQﬁgjhe
si des of ad] acdelsimedatogegrhphfcglr eof@igtbatieh;i aispoped ses & to

mul tiplicity Of§|°%§1 Lpt! g‘ﬁsfskbgﬁr% Epéf‘#ﬂﬁ&eb?uﬂ\he Bi?‘ﬁ Ls8§UBLS 2T e

relatively par § ars TRterconnected at
junctur4~ by fm@@ﬁQOWhP@hthﬁepéﬁﬁﬁbﬁryo°ﬁ ﬁbarérpmyléfatmﬁm§ﬁQAﬁmﬁ2o forma

pre-determy ned db%trk%'i:'in facgmhedlsqyabe eesmaasstﬂﬁpgvéze £dead Oxbl?aﬁr@mfl n
| Mes O

t he phot om crograp ure catiop of |5

e 15 0 't he JALRH PReOFRBE: TIRBPES BniBEPRS) PRE FS LaTaChd i e apor ed
as it passes fromusdide saréacennéctbed punvedr plavean aHackeowtif irtteer connect ed
juncture. Genergl dop t .of S n d%e group there
is a highly entang%éga rggﬁﬁga ?h§|8 eggg%ngx %bg# g&r f)fﬁeZO whi ch are
ci rcunf er ent i akdiipmgtespbalasoat QPB§PFFBﬂt6thﬁé19@P|9ﬁe¢? brch Hee yarn- | i ke
fiber graw. A3oyavodeotean iAchhif Bhakhewee! 0OUrARRe m@ytm@ A€ anedar ea

f the t d | i Kk t of t t
gubst:nt ?gﬂ; ;‘%ai&% L§IP 5838ﬁe98? EB %Sﬁaﬁﬁcéﬁtdﬁbﬁd gﬂi&n‘?‘z °a’§r/\/r?ereas
in the wider t etdesd foidi és dheecueértpephghetyeofovaleftqmmfxanxwt|on
I ncl udes para'&%b'?&%sEhQér ﬁeaHEEtSr%@KES gPSu?“ﬂér g&%éééﬁh rd'ithe

periphery is an .entangl ed area narr owe ensi 1 ar eas of
the yarn-1ike Fig&t SﬁoﬁPoﬂﬁQeEoHﬁl’-FQetQQf FﬁErE‘éﬁl VFBr?afsﬁ?%c'i%rté‘eand a
rapi d absar benqastaigeoup.t hehéabreesufbew dahtfbm$éddwlsa;ipmbriwdl on

provi des a strg&%&%%ﬁogaégsgeg7cgg kgggg rfor gh g@sonﬂggt6§ﬁ€%%!ty In

t hi s manner sor en propertles he fabric
may be engi neecotngstedstoed. ngRs9éannbEha9brécvaﬁédm o2 g pwEledi ngs

that provides to aid in removing water and to keep the area from

flooding. 1In operation the fibrous web 93 is placed on

25 the topographical support members 91 before the water
ejecting manifold 89. The fibrous web passes underneath
the orifice strips and is formed into a fabric in
accordance with the present invention. The formed
fabric is then passed over a section of the

30 topographical support member and drum 95 where there are
no orifice strips, but vacuum is continued to be
applied. The fabric after being de-watered is removed



excel l ent strength in woven or knitted fabrics is that the yarn prody
fromthe fibers is given a twist. This, of course, conpacts therE‘bgig

the yarn to sonme degree and pl aces themin closer contact to increase the
10 frictional engagenent between fibers. Wien that yarn is tensed or
pulled, this frictional engagenent increases the strength of the yarn. In
certain enbodi nents of the fabrics of the present invention, we can
acconplish a twist in the yarn-like fibey,aroups which extend between 15
the junctures. In Figure 31 and 32 there is shown a fabric of the present
invention whegghh €8 i BfTarRe PR REIOWRRN d i8NieanBeched EHRSt yges have
atwst. Figure 32 is an enlarged portion of the fabric of "Figure 31. In
both Figures thedFabe §7RE #5een phot ographed 20 while still on the forning
plate. The following is a specific exarrple of a nmethod for producing a

fabric of th tg i i fdher t r ted between
i nt er connect :FdP%?]g%nctures hE>r<19 fr}'f’ eS %ﬁ&?ggs'ﬁ%garﬁé‘ﬁe é%évg?condl tions
and equi prentViges 9f VAY oS tBP&’r%'Ia@ )t fuPPRFE HEMPRTEhENAE eBRVUS
exanpl es excepd dded sirdrdddigrdaitd witho weawes%& savanei¥ard h bl eached
cotton fiber %nchzxglas a mcronalre of %ig_ta Ietl eng th Qf—30/32 inch
and a strengt hote yr g 1189 A8 forning

menber has a patterms o:bf ]ganenm’gspy:im'q day rea us@dari@ tbefiguration. Each
pyram d has a.y& ngmb%fr aked ddi gtg: teg39 cnj as neasured fromthe

val | ey fl oor to t e pyram apex. The sides of the 5 pyramd are at an
angl e 01075 degrees to the horizontal. The valley floor has a width of .006

inch (.015 cnyiguie foles Vrosa ddet iopanend el otfhenaytapbdﬁapmﬂc@le 038
inch (.1 crr)~|‘gbéi AELen. Qﬁeéﬂbcq: %s§n ur%e%% 3, gagrgt 20 psi g vvlth no

vacuum f ol | owe N sequence one pas one pé%s at 600
psi g and t hr eplynascsied qmdﬂlepmeglt@r} wiThie ZRppesitenefnbersdepycéd wat er

vacuum Fi gur gn 3131v%v§ré’slﬁﬁ HH P HUSIIOY Ef%raﬁc asmeesiLfigahi pp of 15
times of the resultant fabric show nqe yarn-1like tw st  between
X

i nt er set?i onsCORRINGELI I JFHIUTEs LexadS «§h|°§mt &8 E4IRBR 8al ERAI t ed
Strand Densi tyywanlidd a61 tard ndgaras ateatveilre hoteosi.n. TheepEahgidat ed Strand

Density of thedalifols & 1aEd QoIS et kel OEXp] Sods 950, 20

VWhile all of € previous r¢cs have been € Wth'topog Jilike] pl at es
in which squab@@r@?nh@%ﬁfséé‘lalwlﬁ -guEachy ofh&he pyrampﬁ%twer ogr aph,

\5/3-\;1 15 ti ”ES n@élrﬁ f%@ﬂt Qﬂ; aCHex’i Gfﬁl%rridc ﬁﬂ@?p‘i}?ﬂe@g atel QQQghé@h%ﬁa*w@| a': e
ereln fam adas are ra ea (0] squ I S_I nNnstance,
Fhe Tinzd 0 IR ERo8 Rddndifiniey B Gedothes 1 1RhE prbserife product
very differ entharniymmmmlsu&amritaaﬁrlqp@:mtesam ottharesbhtbat dthexe i onal .
Thi s configurgi i oL efipes; tie disgiinie iy 'ue%%%FOEnbhslééQrbe AS

seen in Figure 34 ea 0 juncture as, sl x yar n- | roups enmanating
from the junctRf PYEBRIISar The @Sl da rt@@fa'- rhe £49gr 84 EReent angl enent
where at | easpysanid fndleds eigie ihe afcﬁ'l\d’o&ﬂ:ﬁﬂd igbappraxpaatedp whet he

periphe&g of &Qg topographical support member also includes openings
68 disposed at both the sides of the pyramids and the
corners of the pyramids as shown. The openings at the
pyramid sides extend up the sides of the pyramids as is
shown in Figure 8.

30

Figures 10 and 11 depict another topographical support
member that may be used in accordance with the present
invention. Figure 10 is a cross sectional view and



? P.J UN2002 - 30 yarn-like fiber group. It is interesting to note that
in the junctures of the fabrics of the present invention, the fiber
extrenely conpact and uniformy dense. Some fiber segnents passzd rMﬁfUUZ
through the juncture while other fiber segnents make right angle turns as

t hey pass through the juncture while still other fiber segnents pass
through the "Z" plane of the juncture to tighten 10 the juncture and forma
very highly entangled area. ' Figs. 35 and 36 are cross-sectional

phot oni crographs at a magnification of B88%iTes. Fi gure 35 is a

h h _of f fab h | ion. Thi
Pabric 15 ndb pRoR 31408 §r BATBE ' 8%aquaPe BEFEFaoCard SED O 7 ayon’

fi bers whi ch snbstabtdedlyr thadsamg taokhig8ratiap andprlidmment.ashe

formng pl at etﬁQQEalﬂ%lE&‘_Ea”‘lquh uae;2sxa;.a §quaﬁgw@@g;,_t ErEhdsgac 3P 1 nch

(.21 cm centers with des af_ an an 5 degrees_to the
horizontal . TR&® HBF@stEF Fl’lgefh 8poFhRE EMQBF‘lgﬁe‘C&G‘ég’"oYaHﬁaY mFhass are

. 032 inch (.O8ubskannidilageyeratéheshoktbatathéhepenimes sl(m ihechpyr am ds
are . 025 '”Chtﬁaggggsghlzﬁldbﬁ bEE- mlﬂﬁegrbﬁ REE: e SLEROT I %@%f&iﬁ]&etc' are
e a

the sane as des In conj ctl on Wt e _previous e
process 25 coRfi $he py¥ramddsassThe ¢oDfpgprgatien ferickad cp Biguremd t hree

passes at 100Qopshd, 1231&anSbeJused awidm Héa125ernﬁ§|ﬁ§h1£ 68 ¥rsud wdpgat er .

The photom cr o% %F‘h shows _t he paral |fe|I§ﬁd gg sggr%ts ext endj ng through
the juncture Bfd“PRES tBeMEEGHBAPS™ Rhi §8eh% he
juncturap It hesweehotheasddest oﬁutrberppfam@er segnent s paSSI ng through
the Z plane of the juncture, all of which formthe highly entangled

juncture. As contrasted to this, Fig. 36 shows a 2 pJ 13 PJ 2002 - 31
juncture of aFhigBree PrﬁdénfinlaCEBPUaﬁe‘é ﬂPPﬁh?ﬁee’b‘P?‘b#meﬁ‘r‘% Offfi s fabric is

made as deSCl’ltblgdgtapHJ.SallPQhﬁﬁbge ﬂSE?_ZQGOfTﬁEefﬁé&_élﬁ: rm‘mf@ft:ddi} a51i )é 12
squar e weave 0 ster anen L. e _we an | socar 0 .
Gy ML, REL ¥RIECpkbudTERE  "Fhk pRaEs BF Rs Wer SN Q4 hela 2 oo
grains pér sqeempoyaddanghe.fi Tbe pantiohdlPS obethe eriyramiDGisHE g, the

second’ mani f ghdcpt eﬁ@gnﬁé' gpa@goﬁhéhéhbéﬁlefroﬂéé hi angk fdo tdhgmnideol ds at
1000 psig. Vacuum of 25 inches (63 cm . 10 wat er i s used under _each

mani fol d. As RBRPTR¥imAtRLY: RAF ewFEhsb'Hﬁ EﬁFéﬁ%ﬁ‘E‘i‘rent The BRF 5 td®% and
sonme paral |l el bredhti pgranignedte. ekibentitng dbwn| ] unch Wie ipyradidepeyy as

conpact ed and}g?nigf égd gngpéggrgﬁ; pﬁgggkgg{zé y o ey a Qmess in the

fiber array o hi's junc et Ut es 0 & fabrics of the
present 2Pnvenhpsazonsails s&be ﬁd@ﬁntﬁgepﬁgtm%rwmaﬂ@m@s 20 t hrough

34, the fabri 9§rﬁfn1£iBelEr Qﬁﬁ@t thBVestned Paveid iy el Ghattd Waldingl
characteristics. ﬁg g ristics arethat t he filrous a’{-"ﬁ}ﬁ"m t he
fabrics are vEPPOYEAsETERd tEENHARPITRBRACAY RUBPREL dre "g%gtr 1% prior
art nonwoven éabpdamenfhepéapsgaeiwoareodpapomsat sthenifiglen iaf tthe fi ber
groups and regopBh¢§st AAk WBkhlings 110 are disposed at the corners
25 where four pyramids meet. In this embodiment the
openings at the sides of the pyramids are slightly
larger than the openings at the corners.

Figures 14 and 15, show yet another embodiment of a

30 topographical support member in accordance with the
present invention. In this embodiment the sides of the
pyramid are not uniform. The trailing edge 113 of each
pyramid is substantially vertical while the leading edge



25 occurs in span yarns of si- .ar fibers of simlar denier. Another uni que
ch~..acteristic that appears in all the fabrics of the present invention is
the degree of clarity of the open areas of the fabrics. There ael &N 1a0Ber
ends, | oops or segnents which extend into the 30 open areas to reduce the
clarity of the fabric. This property makes the resultant fabrics appear
simlar to woven fabrics. Also, the interconnected areas of the fabric are
not enlarged as in prior art fabrics. This 2 0J U~ 2002 - 32 further
contributes to the woven appearance of Thélfabrics of the present

i nvention. The u ral char rlstlcs a||OM/ ne to dev p atly

i nproved physiiZﬂ %%o%é faml |na.nf%ﬂﬁ%<x; 'ﬁﬁ?qQﬁﬁqéigqg gP%the
present invent wakhhthe goodzgmt@hgtHThGMQMPpQ#ﬂamﬁmbanx;nﬁludas i nvention
may have contrebhﬁﬂngdlwo&sa@ﬁa&pentwh@a@ﬁ PP s s galy W' cking

characteristics np The follow ng is, another ex Ie o]

enbodi nent of PKEaPias; L o?h{ﬁem%?%%%nttﬁ?nﬁ%H¥4Nf°§§qﬁ & 9C§Pt6ﬁemeb is
produced BBy thelberhodadlBelocmdrmhlédngpeﬂhaﬁ lere lis @rﬁat@&tent No.
4,475,271, Thegushy (RLO0S, Pa7 BE RIS ESinothandh A GATVAISES

m cronaire, I'nc e I eng h bl eac on fi ers—~ 5 startlng web
i s supported ohe§W§98 RYBGN{%%n1naI 100 nesh), pol yester, plain weave,
nonofil ament form ng belt fron1AppIeton 20 Wre, Portland, Tennessee. The
form ng belt hgas_a wire djaneter, of a shute wire dianmeter of
0.15 mm and ah*8PER ;ge’aso? RIARRE (Yi§H P Q&é:lmgapr ZPDYER s ISHPEDFgedi ng
nanlfoldlassocmambdrtherevt@td@mm@rwsmn;thﬁ]pnnﬂenﬁ ignvientdesn., dnhdre are 30
orifices per 'pegrzé i-;ﬂl@ Qr#ag@ss@a{l&m olreyggcga&erﬁgwwn hygagh orifice

bei ng approxi ma i nc appr oxi mat e ianeter. The
rows of orificdg= A¥e°§eﬁhﬁﬁf%d y a?%h%ﬂ%ﬁuﬂ?hﬁd%ﬂﬁﬂk the pynadidghdaf 5.1
cm). The fibrodgenefuas $iae®dedth tdech W iddhddaldy atelangd ewititnwaher to 30
position the msg on t@glbe tabgnd €§sedrqu§r1;h f|UId feedl ng,ma ifold
at a rate of 188¥§&PA5%pe? T 4 TEES S35 YR KRCRLNIThA2r PFi ces of
t he firsﬂSrOM/sapplyldatef aﬂcmrnwsnmz¢ of BYL (P siidi ipninge teoi bpeasngé 2 0

~ 11 N 2002 - 38 ohéRr Hexd cspw:ﬁélp;swam era 1Y ASTY oF Obod0e eskg, and
the orifices of the last ei rows s wat er at pressures o# 800 psig.
A suction mani PBYdP8i %p&%%g%%%%% Q%Q%%W%QQ“%%MHPCFHEES
fluid-feeding Enmenef pinal stamwa-idai ned at a vacuum of 25 inches (63.5 cm)
of water. The forned fabric is turned over and fornmed on the second side;
i.e, the side of the web in contact with the form ng belt during the first
processi B§ st efigyraswldudpecle@re Rlamakyigrseofl Prefegredcond procesing

step. In the seaBBdikéRes éf‘&&&écﬁﬁbﬁf&&l Gnénaod&lsataidtm %r%@.@ﬁﬁd form ng
surface. The second, fornmn surfac '@fs r ows .of % ds w, h th
g% AgSc

api ces ~f the PYVERFHR 2l i HhPTR § Ry anAase PHF F&

ot her. Each pyandi dnhfierm in conflguratlon In Figure 18 there is an

opening 126 positioned or disposed adjacent each side of

25 the pyramids. In Figure 19 there are openings 128 at
the sides of the pyramids. There are also openings 129
at the corners where four pyramids meet. The openings
at the sides of the pyramids are slightly larger in
diameter than the openings at the corners of the

30 pyramids.

Topographical support members of the present invention
may be made from various materials, such as plastics,



15 generally rectar . ar base. The surface has ei ght pyram ds per inc: -~

t he machi ne direction and 20 pyramids per inct-~ :n the transverz ey JUN 2002
direction. The base of the pyramd is 0.125 inch in the machine itection
and 0.05 inch in the transverse direction. The base of 20 the valley

bet ween pyramds is radiused to 0.003 inch and each pyram d as an apex to
val l ey height O 0.065 inch. Holes are disposed in the formng surface in a
regul ar pattern; i.e., in the valleys at f;he center of the |onger sides

of ' adj acent pyram ds and where four 25 pyram ds neet. Each hol e has a

di anet er of Ox{ié?&wcfhndﬂt%ef lYikd-, feqelenaa%%a%duaéaogha&?@' Mbth the
second formn urfa Cﬁgfp“ ses ni n% V\% i ces, There are 30
orifices per i nltJSa fdetesmunden ¥ FnIE’BEﬁtrBW FPEntLatR orifice

bei ng appr oxi rmmtpalqg:ﬂuga@ﬂn itheh s3@ feapepr oTheasekyabeOd8 the suppbstreter. The

once ' or ned el NG L VRES ANd8850d UBREL LhBeLiulelsed n

mani fold at a rate of
orifices of tHuY% |Srr§t“]1‘50\)93 a relgtgvp.ly spooth Eﬂrféﬁﬁpl yItater at

pressures of %fﬁ(éﬂ??or.;gacalﬂxatﬂ?QhQr lshp@e&tofn?h{agrl agt Béﬁhigﬁpy\ﬁpé‘?ﬂsme/d wat er
at pressures Q u mani f.o nder e—second, form ng
surface is maﬁﬁ]ajl }[eqzi‘e\yg? ﬁblag‘f 2§ufﬁéﬁ85Hfl§éng 8O0, rb‘ftﬁ%ﬁﬁ. .The
resul tant for mivdfadfenistissa isedesavebage ifapratiuciéng Sthantkpeiss tof of
0.154 grams prhe.mHi'éiseq’ﬁ;ml'n%E%ﬁoﬁnd ﬁa@h%bt ﬂgﬁédoéupfééesmtested

as hereinafter described. 10 Determnation of yc*larl I ndex | mage anal ysi s
speci fi et for ‘?fél"er%‘m%d'-oc e eISQF-Ft191I1Md§R15Pb&ﬁeF?Hr%°®Wﬁﬂ/e‘ﬁ’? abrics
i's next descrifestidd asf tthe padesent AResHE£EnoONn apertured nonwoven fabrics
that contain no binder. darity of an unbonded 15 apertured fabric is a
function of the fiber distribution in a fabric with the Aarity Index

i ncreasi ng as I @ldatigystamceison tbe thpotrpphicsl psupport ety tes B ber

Cover areas WyIGHaSUtyoWid e&hgrsealesosee iﬁbalﬁreieeéééﬂﬂwe the
Clarity lndex of .an unbond 20 apertur abric, seyeral, area fractions

are neasut ed. BRAYRETTCARMEARCPS| @ PIJIBraiéEYf PLCPYEARIES &EEHRT ng t he yar ns
of woven gauzefourois isdeainplre theeet-Bédddsthsndesitrbe; witnl ese gfyrameidsur ed

nonwovens. Fi 9&% %q,ler 1%5 "(J'Eﬁl ghg Bpglggg@aergf%en%%e& essseptl Ty fiber

which is not in S bu € open spaces
bet ween yarns R?Tef\ﬁ(?\?éﬂ)'gm $o%08&xangl @5°er Ihtbstprefemred rdmtof

nonwoven fabrithe dg eﬁ‘ﬁrr@% Apeithiar 9§aﬁéeéx’€éﬁéthgntﬁ§%1d@é)r@§%ﬂé the area
ures in the fabric [the sum of the Open 30

fractio of t he ope.ra p K-:
W oa (RS ar VRIS HIRISPNENER. SFcHOF ABEPRFe DNTRESs TN, Hidox (o1 ]
of an apert urdd fisbiheld iievedalthaltabgddasnghsor ati bs oéas her Gt atsth idper t ur es

Area Fraction b u t he Fi ber 2
onaN 2002 t(h%)décsg\fea}rae (C:I%:H?a%§1"§ ooF 8?’?3%%%%?%%5&9'%

25 It should be pointed out that not all of the holes or
openings in the support member need extend completely
through the support member. At least some of the holes
may extend only partially through the support member
provided they have a sufficient depth to reduce or

30 prevent the undesirable flowing back of the fluid. If
too much fluid or fluid with too great a force flows
back into the fiber rearranging area, it may disrupt the

desired fiber rearrangement.



Cl =CA/ (FA+ FC) 5 The resultant Carity Index increases with clarity of
formation of the apertured fabric. The Carity Index of apertured fabrics
may be neasured by inmage analysis. Essentially, imge anal ysis 'Zr}yo]IU\Nesmng
the use of conputers to derive numerical information fromimageS.” The
fabric is imged through a m croscope set at a magnification such that
several repeat patterns are inmaged on the screen while sinmultaneously

al l owi ng visualization of individual fibers in the fabric. The 15 opti cal

i mge of the fabric is forned by a |l ens @@ a video canera tube and
transfornmed int,o an el ectronic signal sujtable for analysis. A stabilized
transmtted |{¥g‘r?tur§&r2<9ef1h§°8§8d2 nafﬁeph?g?’&‘éﬁ‘b‘ér?é}’%r%rat%‘“ﬁi’dﬁuce an

i mage on the rifnither pofesemchinventlionont Tast f&Bridats tdiesdd hpraioover ed
areas are vari dr r a t 0, {her-.free
areas are whi t‘%%é‘}gf\‘%%?ﬁg g?hghgyi rrg Qki gl‘(%%?ble ?n{)gw%%rrp%l%pldisﬁts or
pi xel s for medemerend TR¥iRGaA ApePLartengtl ohyl al Ko Hechiet §hfl ned by 25

i _rrlalg_e ang ysi $a§ﬁ‘#@@a@%rﬂlablﬁ6n0£ pngtyi Qmilé\feta&t}})ét fm_ ! fdted in |
mllinmeters, i ch represent. .t ertyurges_surroun i ber, covere
areas identified s ?’hé’*&'?‘b%Pecﬁsi s(?ﬁ)gé?e%?é%ﬁc%ggﬂh%ﬁ%a%% carried
out by using $lighddy3dadgent inedigseter ntiyan Arhe \hrele@li fed wi t.h grey

store option mn@r§i&ntﬂegsy§8ﬁi&§f?@ﬁélpﬁé/@é|ﬁ$ﬁ?’fc§1{ﬁl§ilrféc?a’ I nc. of

Deerfield, Illinolis, USA. The m cr pscope used is an O ynpus SZH
on of 10X by

\ I'1 ght
M croscope se®YZ@mids yith EPeLﬁgde—ﬁ BakHnI - anENGhey § G ithe |
usi ng a 1d 5X trdciontalaed apprekimetélyng7of. 20pigue 20 GiLCqlan S
equi pped with i1 ifte i Cohu Model 4812
Vi deo Caner a B’?g\% %2'5"%0%3%#%%%51 %eﬁh% hg%ﬁ§$¥s% % dhd the i mage
anal yzer. A cowm@vidiigationvaf| 2Bl timesen Jaunay fRdrseernf theS flbeFype VI is

suitable as agRhSlRACRf YhePERBPSESaPE VEPPCIS VAR SfKipdltealne package
of woven gauze |i§i$2p ned and a single igon e. reppved and unfolded to a 10
TobAtive

single |ayer ™R - OPRE AbG8n?t }Y i 97 fRed IRAWEIS RFY| ean
gl ass slisdes dms wed lmidefdinedpandt aljearnnd Thear fdbr icragmprarsdda vi deo
screen. The f i ; S L e r wh attern
repeats are v?ﬂtsal’ltglq' g'tr?tlt ﬁoéf(}&%hf%ﬁ% IE—?%%?Z&%@%&BI?OLM ﬁlt;heet e Leica
Quant i net Q52GTOMRFe 3K 1PEEF CEBALFEEH et W ¥RCERF &F VAU PYSAIRETEr oscope,
with nmagnifi cgdon@idns&o as plagalibgdofbeNe, gr&esd ténd e imNal ¥egular
calibration of_ 0.021 Al xel .and al |l ows aga%ym S .oft an, area ¢ nt ai ni ng
from 14 to 24SWEFE ﬁ’&t SR nggg?gnagst he" VeSB! eﬁﬁ?é“\ﬂcl eaauze in a
si ngl e f2tel d. jumectiurege ayel Jhowetsetinareant2@st (Gain and O fset) are set
to include the conplete range of grey levels in the displayed i nage (a

di splay of the Gey Level Hi stogram contains all possible grey |levels on
scal e). Such glﬂ‘?"}éetztli A &R Sﬁgaﬁgﬁ’éﬁ??oﬂf ofhe h%f%'cns",f t%@"éeeéro aperture

areas, and thatf abeagndtieadiog 6fomst bimyarasd istawd vheapes tivee ar eas.
Next, the samplipdes fampued, ! nm,LOgo M SLOCOPG Rl G ANY 1N iy ghean
p adi ng

gl ass slides are us€ erforma rrection to eli'mnate %0 any
uneven |25ght i S@edor dds approkinpgedy thevcemter sehpthis f ikarm gr@WPaced on

the mcr oscop%hﬁr@%-rewiwsgéﬁm&hesq«m&ﬁyawd%p;&fa/%rxasuﬂmi ng
operations ar%e&%&f%rg%%%f%% Lg ngsﬁeriphery of the parallel and
tightly compacted fiber segments that make up this
yarn-like fiber group; i.e. a "bow-tie". Figure 22 is
30 an enlargement of one of the junctures of the fabric
depicted in Figure 20. The juncture includes a
plurality of fiber segments some of which appear to

extend substantially straight through the juncture while



2n,.~U~J 2002 - 37 1. First, the black imge area detect |evel is set
to equal the bundled fiber strands and interconnected junctures only

wi t hout detecting the individual fibers extending fromthe yarns |ﬂt u*@gmﬁ
apertures. See Figure 37B. The Bl ack Detect grey |level value is ote

future reference. 2. Using the Amend function, the detected i mage of the
yarns in the detected Plane 1 is stored in Inage Plane 3 for neasurenent at
alater tine. 10 This inmage in Image Plane 3 represents the Fiber Cover
area (FC). See Figure 37C. Note: |If nété%%aTy, in order to fully detect the

Fi ber Cover area, the i ein ane 1 is Di.lated a of cycles until
hol es within< &rpﬁﬁgPegggergFéﬁ ﬁPemfk eF}WPﬁgtédgo ngﬁ“d?hg ¥ﬂh Qe is
Er oded the same stroetuok,cybliés stidét otheFi begm&otver fatkaweages to the

original I Mg @Raiehath hAecREYCEhsEP R odoneKE: shHECHbLT e Detect | evel

is set to equal eas that afe free o er within each 20 aperture in
the field of view The Wite Detect level is also noted for future

Eeofa\ )ere][lcsfeh T?ii@u_(i‘@ egt ed hmgeshgsé&aﬁenahanee& bfpéesﬁ&tlstiéle C@fz‘éﬁﬁr ea
of the rj.c. See ur.e e Lo ction, the
i mages in 25°%F5hgufe§n Qﬂe 3 g“@ﬁ#% ﬁgaag g?ﬁg to ?ﬁ% f or nul a:
| nvert (PIan@egmh@RSPBaner3?ndThatSpse énssapcen Paagetbrowyh phel s that

are not in eiw -t%ansraaor RhaBe 8neldi %rQPQEBEkOQeGﬁé'ﬁﬁét £% @feimge in
| mage Plane 4 of the fiber ext endi ng f.rom 30 arnsS into the fabric

apertures or bPVbéPelnaﬂﬁérthBFeEre(FAfcuﬁéérﬁPGb¥é137E¥aBPeﬁh%b?%?Iomnng

i mge Hicel d Whesyacheatirkeaféberdgrang.t he Area Fraction val ues recorded for
2 0"U~lI 200Z - 38 calculation of the Carity Index: Plane 1 (OA) (Figure
37D) Plane 3 (FC) (Figure 37C) Plane 4 (FA) (Figure 37E) 5 A Ceared

Apertures Ar&lloadngoareCApursspardfiiat edanplereofum nethod £pen Area (OA)

and the Fibeg, r‘oﬁuéﬁ?xg[ #6988 16EALn TBeoFhianbEYvi8fietnt Gyesénel so_cal cul at ed
as the ratio’,of eared Aperture Area Fraction (CA) to the sumof the

two area 10 PPQ@Pl&R§ the Fiber in Apertures (FA) and the Fiber Cover
(FO): 15

Example 1

Apparatus as depicted in Figure 2 is used to produce the
fabric. A 300 grain wt. isocard fiber web of 1.5

20 denier, 1.25 inch staple length rayon fibers is produced
by the method described in U.S. Patent 4,475,271. The
web is placed on top of a forming plate which is
supported on a wire, carrier belt. The carrier belt is
a 12 x 10 plain wire polyester monofilament belt

25 supplied by Appleton Wire Works of Appleton, Wisconsin.
The belt has warps and shutes .028 inch (.2 cm) in
diameter and an open area of 44%. The forming plate has
a profile as shown in Figure 12. The valley side (105)
of a pyramid is at an angle of 74 degrees to the

30 horizontal and the peak side (107) is at an angle of 56
degrees to the horizontal. The vertically measured
distance of side (105) is .045 inch (.114 cm) and the
vertical height from valley floor (106) to pyramid apex



a =CA/ (FA+ FQ . Additional fields of the woven gauze are neasured in
the sanme manner using the Black Detect 15 Level and White Detect LQV@IJUN 2002
chosen in steps 1 and 3. Results froma nunber of representative areas

the fabric (at least ten fields are analyzed for each fabric) are averaged
to provide a Mean Carity Index. 20 Inmage analysis is also used to

determ ne the Aperture Size, as the nean aperture area in square
mllimeters. For each field exam ned in eps 1 through 5, the follow ng
steps are taken after recordl ng the field neasurenents and before noving 25

the fabric to (fga,neegt Jj) ( Sihghhe Lagi ggilggnfgkgg Agai igﬂEcorr‘m ne

t he i nages of |gure 9D) and Pl ane ure
t hrough the iR Hfh 6o FRGHUSn t FProPHTF AR ARRBESO lf-"ﬂésﬂiear ed
Apertures 30 Ax% Eactlz)rsq(lﬁes)e |pmtl?Jea1nea5 sheenFiiguFegdrk. 13he TREgE

equation is: n(xalc? a%a% spac\fa%{'eo ggé %ggl angl cgnFA).:engean t'P)? Feat ure

Measurerrent I\R% paraneters to neasuré Pl ane
5 (CA. B. | rhales Hl%t@yr amdasn et diheopyremddar bavparaddaretandofi ghl i ght

this as the oreh £ CE.osThE), Hdhe Measur stt ehanabyﬁergheflerﬁge of
Plane 5 5, CA, for, indi VI dual feature areas. =9 eati ng ste S 6 through
ps

8 for ea.~h fR¥T3Pigs Hayg& é‘r?zﬁ“ﬂfstleg Pdr -ER3r EPgh r‘dgﬁ“(g’t“ ‘Fhrough 5,
above) wi || gedareifdRl ecantairat iace driiftiogsapeef iG&ha@asswpeh &@pn and

St andard 10 v' t Vv, t, a 0] I ed..bet ween
different fi evd%ﬁo%é)%e@s%ﬁrz: dt;é rE) %t%gﬂ 'I‘n!cﬁo'? klﬁ fl e% of the series
of fiel¥® fordigret®Rfen '@bﬁjzféqeafbr“ie(? %éth‘?ll?GF‘-elﬁrBasﬁzﬁﬁn“ﬁﬁﬂrstandard

Devi ation, i mﬁau@d&midlm Rlctted ith rweee&-ded poBetChar thy wasex and
Mean Aperture Artei'b? %; fabrics accor%lél&%to this_invention _and fabrics

according to ? rmARg embgTy equgnti RAPEPSnBRReM288i AL t he
det ect | evel Sloetmsig hesb@lpsing a2@ Hixaldiys thkeehpaseesnagalieed For Carity

| ndex, the fi ei%gigg edta e

exarrpl e, in aﬁ{% aﬁﬂg e%k%eet e etCIrig PS%HE gggajg {e]g%hg? %rl cis
repor t etf as t’H%t‘Né‘arP@' MinuEe)n@nd Wifthe 2 é{éGHHﬁI 8fi 8 dPchAg f&lfeature
data for eachcr) edfl, wammmmlmmmsde\ﬂ gheopesuttingofadpdicn t he

rorkeheet e ERRLAEELaF A MM (Ui Koatae Mo r Bl Fola Y
0.5 or great eplanar photomicrograph at a magnification of 25 times of
the fabric produced. The fabric comprises a
20 multiplicity of yarn-like fiber groups or bundles 205.

*  The bundles are interconnected at junctures 206 by
fibers common to a plurality of the bundles to form a
pattern of substantially square openings 207. In the
center of each bundle there is an entangled area

25 ("bow-tie") 208 and from that entangled area the bundle
extends in opposite directions. As is more clearly seen
in the enlargement Figure 25, which is a magnification
of 70 times of one "bow-tie" area of the fabric of
Figure 24, the entangled area comprises a plurality of

30 fiber segments which are looped and intertangled and
which extend about a portion of the periphery of the
bundle to maintain the fibers very tightly compacted.
Figure 26, is a magnification of 70 times of one of the



The nore desired fabrics of the present invention have a Carity |Index of
0.6 or greater while the preferred fabrics of the present invention have a
Clarity I ndex of 2 ~aaN~o00z - 40 O0.75 or greater. EEteQnﬁnﬁﬂidﬁbe
Cal cul ated Strand Density The Cal cul ated Strand Density refers to the
density 5 of the fiber bundles in the unbonded apertured fabric. The

Cal cul ated Strand Density is determned_fromthe area fraction representing
the fiber covered pattern area and a fabric density cal cul ated using the
fabric weight in grams per square centi gét &r divided by the 10 average

t hi ckness, in centineters, e fiber bundles The asurenents for

det er mi ni ng €§F85F8P58C§Fpaﬁﬂnﬁﬁﬂg?fy°5r% frebRPHHE Wb d EXATWONfen fabric.
The net hod bemdebernhalmnghes€QMeutatedtémdamﬂréhm&ytgnrmughﬂthes

expressed inpghggg %thEEQ'StﬁgptffﬁéPrse%@ ﬁdn{§1¥qﬂ%pven fabrics

IS next desc g5|s requires ternlna I on He fabric wei ght
(WI) in gramdngée shuaprehcs Flhﬁﬂ@?u{glc%¥9 stbhbweemntf d7en he t hi ckness

(2) of &he fpbetibHadhes uaogeat hABt eight Ty ethd &d i Hiehanal ysis to
obtain 20 the ar ea fraction (FC) which represents the fiber covered pattern

area. A stand¥PG“PESt method, such as ASTM-B-3776, is used to determ ne the
fabric weight. The thickness of the fiber bundles can be determ ned using a

Lel ca Quant gRL 250880ntTRAE A03147E0s1 00 TESE LEA ST BRGSO L7 ough

fi ber bundl es. repare_a for 1 mage ana.gsls of the f er bundl e
t hi ckness, aDF‘EﬁFEé’eHPQt Fearithpiadex amedesprike shee?ﬂa‘é'ﬁdeé"hen a
t ranspaoent cescméeedgStﬁaaadbéngM)’iOoResm@)fﬁndwrm&) S iayef the

fabric/resin_blo a e usi,n MIS ed. saw, as a Buehl er |sonet
Saw, eqU|ppe8 anﬁﬁeaEgFgﬁgﬁd 8?3 e. gb H%sl%éigﬁg% each 0.027 cm
thick, are cut in both the 2 ~ ~I zoa2 - 41 machi ne and Cross

di recti ons otxkRgikabric and nounted on gl ass mcroscope slides with, for
exanpl e, hbrlanaftﬁflcal Adhesi ve 60 as a nounting nedium From

m croscopi cal exam nation of the serial sections 5 conpared to a piece of
the origi nal af abbtﬁcbeisngaaaahytndthsr@ppaﬁa‘emi Qns dejureiseid iing the . fiber

bundl es are ggﬁ%ﬁchQE SégrEQEﬂﬁ%ﬁs?Ctlgff e ndd {)Jnéngﬁg es in the

nonwoven fabriClars aal cut He region approxi mately
m dway betmeggrgngteggmpppethe same with the exception that the

starting web weighs 1600 grains per square yard. In the
process after one pass at 100 psig and one pass at 600
20 psig the web is exposed to nine passes at 1000 psig. A
planar photomicrograph of the resultant fabric is shown
in Figure 27. As may be seen, though this fabric is
more than 5 times the weight of the fabric depicted in
Figure 24, the fabric has extreme clarity and the fiber
25 portions are very dense and compacted. The fabric
comprises groups of fiber segments in which the fiber
segments are generally parallel and tightly compacted.
In the center of each such group is an entangled area
with a portion of the fiber segments circumferentially
30 wrapped about a portion of the periphery of the
yarn-like fiber group; i.e., a “bow-tie" area. These
fiber groups are interconnected at junctures by fibers
common to plurality groups to define the pre-determined



10 configuration and an interconnected juncture or, when no "bow tie"
configuration is present, between two interconnected junctures. Secw‘p&g é)f
fi ber bundl es in nonwoven fabrics of the prior art are sel ectedwWth?Y 0
cut rmade approxi mately m dway between interconnected 15 junctures: The

t hi ckness of each fiber bundle selected is identified as the length of a

| ine drawn through the cross section fromthe boundary representing one
surface of the fabric to the boundary representing the opposite 20 surface.
The length of the lines representing each®§arn bundl e thickness i s neasured
and the nean vy d I S VAR I ent | .S, Ls recorded. The
area fraction ﬁ%gﬁpéﬁs%%%%é%)aﬁgue%r% %%Fqgc%' 5’r’ed5[%at1 ern area is
obt ai ned from $WEPH 219 yt9 HRbe Bhagndhesipatbeant clakdtgaleesanret! Strand
Density expres§eérédsd@dtamels biiantiant iciRieat G8/ €tk rabeabCybagrd
according to the foll ow ng for a: 30 Cal cul ated Strand nsity = W/ (Z
+ FO) | . \athcreases. O FOBSE AT FATERTEE *RaBPEE Density A

met hod fo$ t hecomventiomsl eantEngliag-shr nonbevent f abl ignpapeessesd,
nonwoven fabr'&né.ﬁee rﬁtf% ff.r!Ja%ntﬂl%c‘é_e%@arsl,ctﬁengsuekﬁ 8144 of

calculated fromt bric weight” per unit area In grans per square
centineter, theReabAPele HLUGTXFHes Sditeet@Pdd1Ynd the area fraction
representing the fabric covered pattern area in the fabric. The units of

(g asTin D 135 SRS S il S abBas § Tssnes ZhE GeraReaEes uni ¢ ar ea
and the 1@i cknSssandRensityuladnd £lardtycdindexavsddegcdibedi hgrebnt he wei ght

per unit area fye t &1 b HENE AN iDEn@ARESTELNEN FABANE PST 0CHIBE C
centinmeter. The area fraction representing the fiber covered E)attern area
in the fabric 95/ %he Fberhecs/ @ Horndgxu@iobtsi RalriFohTt Ret€Parity | ndex

anal yses. See above. Next, the 20 Fabric Density is calculated by dividing

the fabric bulk; area fr. ' FC) . The fabrics. r

i nvention haveﬁﬁ%%%‘q'atle% %@?‘l&#@%&éﬁ%ﬁpﬁégsﬁr éé%aﬁ%? ce:égr??xgedf:#ove, of
at | eastl®5 . 1ipeaef Anmthare anbestimentTiod mpof'bovesiebdaradrefsaof the
present inventt e @viodoriediny Ity etheSprardneinivbntbn. 1518 8RFE4 cubi c

Cent It o Bl e BB Er e ARG oh b e PLERg Lo vent on
centineter. Hogrodnomvihkestahed ishes desciriibedi anspenjtnctilen aritkand
exenplified the; qganefe! N ¢, drde B RAtGAG1EQTareas in the
20 yarn-like fiber group, with each of the entangled areas
comprising a plurality of fiber segments which are
circumferentially wrapped around a portion of the
periphery of the parallel and tightly compacted fiber
segments within the yarn-like fiber group.

25

In Figures 29 and 30, there is shown yet another

embodiment of a fabric according to the present

invention. Figure 29 is a planar view at a

magnification of 20 times of a fabric made from a 600 _
30 grain wt. fibrous web wherein the fibers are 1.5 denier, -

1.25 inch staple length rayon. The fiber web has been
processed in accordance with the present invention using
a topographical support member similar to that depicted



2 Cc ~~~12z002 ., - 43 into practice, it will be readily apparent to those
skilled in the art that innunmerable variations, applications, qﬁﬁlﬂtﬁaﬂmgns
and extensions of the basic principles involved my be made wt

departing fromb5 its spirit or scope. 20 ~~~~2002 - 44 VWHAT IS
CLAIMED I S: 1. A non-woven fabric conprising a multiplicity of yarn-Ilike

fi ber groups, said groups being interconnected at 5 junctures by fibers
comon to a plurality of said groups to_define a predetermnned pattern of
holes in the fabrlc characterlsed in"that sald fabric has a darity Index

of at |east 5 and Qﬁ;cul t Stranol:rl_“{’__g1 | east 0. 14 grans per
cubi c centi m‘a’f’e? g‘i’f)ei eef?“?eé:b aacc hr?aet 0 %&%i m 1 wherein the
Carity | ndexelstavelxeamnca mar:ErOVA sﬁptsv\mxaeqhe‘ramham dedorgding to daim?2
wherein 15 t@?rg@i&f” atfh %f@&d M%ﬁﬂfdrﬁn aln 'vﬁ@ﬁ:th Qmjd5 TR Pee cubic

centinmeter. 4. A non-woven fabric accord to Caim1l \/\herel n the Aarity
| ndex is at F’é%s?“‘%}s 75.The HotE Ak wRRsh ibﬂﬂq Wy aleng &b 4
wher ei nst he walrey af BsbiStfwond tDenddntedrs ot ﬁmﬁldhslbeg:wm o cubi c

centinmeter. é’ng”“ (fg noL- yioven, flqp{ércsﬁaél}ﬁcqr |t__Q)g t;h% ge S:rht%‘ n said

yarn-like fi groups conprising a ara i ghtly
conpact ed fi8tfescofrealiAcent |RyRAMI sﬁgqﬁﬁﬁaﬂﬁw mm@ ﬁaﬁgnﬁgroups
include fibege Msa%dmrﬁﬁrceirﬁy A éré’i‘rﬁ-ﬂﬁ.% F1ped gloupdast a portion
of the 30 perl re{ éLe:¥? ngéggéﬂts arelé¥¥g€4vqup%%&% lelber Segments.
10 compacted. The groups are interconnected at juncturcs
by fibers which are common to a plurality of the groups
to form a pre-determined pattern of canted sguare
openings. As more clearly shown in the photomicrograph
in Figure 30 which is a magnification of 50 times of one
15 of the yarn-like fiber groups, the yarn-like fiber group
is tapered as it passes from one interconnected juncture
to an adjacent interconnected juncture. Generally, in
the mid point of this yarn-like fiber group there is a
highly entangled area which includes some fiber segments
20 which are circumferentially wrapped about a portion of
the periphery of the yarn-like fiber group. As may be
seen in this photomicrograph, in the narrowed area of
the tapered yarn-like fiber group, most of the fiber
segments are substantially parallel to one or more
25 adjacent fiber segments, whereas in the wider tapered
portion the outer periphery of this tapered portion
includes parallelized fiber segments while the inner
portion of this periphery is an entangled area. The
narrowed (highly densified) areas of the yarn-like fiber
30 groups comprise a fine capillary structure and a rapid
absorbency rate in the fabric. The wider (less
densified) portion provides a structure of larger
capillaries for high absorbent capacity. In this manner



2 0 ~!~N Zooz -45 7. The non-woven tabric of Caim6 wherein sad-the
circunferentially wapped portion includes fiber segnents which extend into
and at |east partially through the yarn-like fiber groups. 5 8. A rfoddWNoR62
fabric of Claim6 wherein the cixcunferencially wapped portion is disposed
substantially in the center of the fiber group between interconnected
junctures. 10 9. The non-woven fabric of Caim6 wherein the plurality of
paral | el and conpacted fiber segnments in some of the fiber groups have a
helical path. 15 10. The non-woven fabrTc2®f~Claim6 wherein there are a

lurality of circunferentially wapped rtions di.sposed between
Pnt er connect edu}%rfzgﬂs[ﬂr e.mlfryoﬁ%%ﬁ‘oerﬁ etﬁi’ef ?%r&£Wa@ Reme89%REPER t he
20 junctures caosptessigeech pluirality of fiber segnents, sone of said fiber
segnents being straight, while others of said fiber segnments have a 90 bend
while still other fiber segnents have a diagonal path within the juncture.
25 12. The non-woven fabric of Claim 11l wherein said junctures include
fiber segsent Aexdandbegpprddimted, dinecelfi anheofthiimgsf #haitCprovides

excellent strength in woven or knitted fabrics is that
the yarn produced from the fibers is given a twist.
This, of course, compacts the fibers in the yarn to some
degree and places them in closer contact to increase the

10 frictional engagement between fibers. When that yarn is
tensed or pulled, this frictional engagement increases
the strength of the yarn. In certain embodiments of the
fabrics of the present invention, we can accomplish a
twist in the yarn-like fiber groups which extend between

15 the junctures. In Figure 31 and 32 there is shown a
fabric of the present invention wherein the fiber
segments between interconnected junctures have a twist.
Figure 32 is an enlarged portion of the fabric of Figure
31. In both Figures the fabric has been photographed

20 while still on the forming plate.

The following is a specific example of a method for

producing a fabric of the present invention wherein

fiber segments are twisted between interconnected
25 junctures.

Example 3

The process parameters, conditions and equipment used in
30 this Example are the same as in the previous examples
except the starting web in 300 grains per square yard of
bleached cotton fiber which has a micronaire of 4.8, a
staple length of 30/32 inch and a strength of 22 grams



13. A non-woven fabric according to Claim1l wherein 30 said yarn-like fiber
groups are conprised of re-arranged fibers, wherein fiber segne?q§metﬁmﬁ a
group are conpacted and substantially parallelized and wherein said
junctures 2 ~~U~~a 2002 - 46 conprise a plurality of highly entangl ed
areas, sone of said entangled areas interconnecting said yarn-like fiber
groups while others of said entangled areas are disposed in yarn-|like fiber
groups. 5 14. The non-woven fabric of Cl%Ln113 wherein entangl ed area

di sposed in a yarn-like fiber group is substantially centered between

adj acent ent Al €9, *}%glmrr‘atqe%%ﬂBB?ChaEmﬁe}SQEEéEhkgff h?ei 9 oups. 10

15. A non-woven fabric accor rein sai ar n- e fiber
gr oups conprlﬂﬁiﬁﬁﬁﬂﬁu%ﬂ PtfqﬂﬁrﬁaFﬁpﬁéﬁuéﬁalPPghtF?CEoﬁﬁEEFéG F?%e?
segnmens, the JyéeicaalegraE@riht iof atislbedaathsgnesotm$and paeBukblergenups bei ng

i st ed wher sy a1k el SR0URM ByLabiavaaele! 7l ahDe2s. pgy pass

al ong said yarn-1li I ber ucrng a non-woven
fabric dccor mmm@ @rs mt1 aF’lr Gr’t"BéeI Q}"eﬁ’SofiegraP—ﬁl hg thbrbggxaontml erial,

the indivi duagnd 'Jhrlqlé? BN hasoh wﬁuﬁh 8ke. 6gpabhenof{ , ppyegppt under the
I nfl uence ofémp | i | ui d forgff gngrlses a three glnen5|ona
backi ng nmenb %ﬁﬁ‘éx§b@&'ﬁ F8§B§F§pﬂ c PeCBMFFBb?at?B 6% supporting
a fibrous weh d3deeriamh (Charca)t eéni sddmenetrhat Thai grbaeks ngonprbess has a 25

plurally of, g Asls 01 desBoutityl HotyRBLbS! BogYBHe8NPnSLELRGE 4 NEr oof.

each pyramd I'ng an ap base, an St des
extendi¥y fr W tane HSE taG 290 sde, PRe §Flésa€1éﬁ9 9$1gh%m§)ytlamﬂs bei ng

at an angl e gaaiay dthanowb psddt Iamheataonsahnauééa@@wé &Rg &acki ng
menber, said 3 backl me erulgcl .ng_a Iurg %g 9\i_)enln s therein,
sai d openi ng & 9§§§§ed iy pP 48t 8r REABAT pR E?ﬂl PHIR et to
said pyram(kaamagnmﬁmuaﬁmmlpﬁbﬂéctungsadﬁathatresﬁl%anﬁ fabr UL .
showing yarn-like twist between intersections. The
15 fabric of this example is tested for Calcualted Strand
Density and Clarity Index as described herein. The
Calculated Strand Density of the fabric is 0.142 g./cc.
and the Clarity Index is 1.080.

20 While all of the previous fabrics have been made with
topographical plates in which square pyramids are used,
in Figure 34 there is a photomicrograph, at 15 times
magnification, of a fabric made using a topographical
plate wherein the pyramids are triangular instead of

25 square. In this instance, the fabric has three axes
instead of the usual two. This gives the product very
different and unusual tensile properties which are three
directional. This configuration reduces the biasability
resilience of the fabric. As seen in Figure 34 each

30 juncture has six yarn-like fiber groups emanating from
the juncture. Each yarn-like fiber group has an area of
entanglement where at least some fiber segments are
wrapped about a portion of the periphery of the



-47 fluid streans simultaneously against the top of said pyramds while a
fibrous |ayer is disposed thereon. 17. A nmachine according to Claim16
wherein the 5 openings are disposed in the areas where the sides?df Jihe?200?
pyram ds neet said backing nenber. 18. A machine according to Claim17
wherein the openings extend up the sides of the pyramds. 10 19. A nachine
according to G aim 16 wherein each pyram d has four sides. 20. A machine
according to Claim19 wherein the apices 15 of the pyram ds are aligned

| ongi tudinal |y and transversely of the bat%ihg nember. 21. A nachine
according to C ai m} %c%h I ncl udes openings at the sides of the pyram ds
and openi ngs at 2t He ﬁﬁec e S5 R he pyram ds. 22. A nmachine according to
Claim 16 wherein the openings are oval -shaped. 25 23. A machi ne according

to Gaim16 whepeig meep@m Sc@rﬁoéé/a!haséﬂ%e%%nquﬁ&ﬁpggnsfamag a
portion of the S|des of ad acent gﬁ am ds and rou%6 t he corner where four

pyram ds neet.f3pr»gs o r%ﬂWﬁPﬁ%?”@ &hs 16°GR&r 8FR the sides of
t he pyransds eékendmalyammtgite ard ainifrasily/@enset. hesbmei zmbéﬁl surface of

the backing negp r f e~ IUBE S f the
pyram d and ther@g{?{' e éalnloeg:ng etﬁ}%ﬂuéhsqthﬁaﬂ §8tb salﬁ %g)‘r?lfz)ont al
surface fron1s§i§e§o$@9@#ﬁﬁﬁ)N4K?zﬁkﬂbﬁﬁaﬂgig FRrag s ShQB Passmchi ne
according to Gtai-ahéﬁ yherfinctdiee shfae @ftitihe oRye2ntdbedl Segréne® angl e of

greater than GEagg %hrough the "Z" plane of the juncture to tighten

10 the juncture and form a very highly entangled area.
Figs. 35 and 36 are cross-sectional photomicrographs at
a magnification of 88 times. Figure 35 is a
photomicrograph of a juncture of a fabric of the present
invention. This fabric is made from a 400 grain per

15 square yard isocard web of rayon fibers which are 1.5
denier and 1.5 inch (3.8 cm) staple length. The forming
plate contains pyramids in a 12 x 12 square pattern on a
.083 inch (.21 cm) centers with the sides at an angle of
75 degrees to the horizontal. The holes at the midpoint

20 of the sides of the pyramids are .032 inch (.08 cm) in
diameter. The holes at the corners of the pyramids are
.025 inch (.06 cm) in diameter. The orifices,
supporting belt, etc. are the same as described in
conjunction with the previous examples. The process

25 consists of one pass at 100 psig, one pass at 600 psig
and three passes at 1000 psig, all using a vacuum of 25
inches (63.5 cm) of water. The photomicrograph shows
the parallelized fiber segments extending through the
juncture and the fiber segments which pass at 90°

30 through the juncture. It also shows a great number of
fiber segments passing through the Z plane of the
juncture, all of which form the highly entangled
juncture. As contrasted to this, Fig. 36 shows a



hori zontal surface of the backing nenber. 26. A machine according to Claim
16 wherein the 10 openings are circular and have a di aneter substanbgg bﬁg
equal to the distance between the base of adjacent pyram ds. 27.2 hi
for producing a non-woven fabric according to Claim1l froma |ayer of
starting fibrous 15 material, the individual fibrous elenents of which are
capabl e of novenent under the influence of applied fluid forces
characterised in that it conprises; a rotatable hollow drum (90) having a
plurality of pyramids (61) extending frolthe outer surface of said drum

said pyram d bei ng di sposed %ﬁ_aX|aI y .and C|rcunferen§hall y of the drum
each pyran d WREHF QP X 3BE)° IS 15a26CoKF2Rs Wikh HPeoPTréPles
ext endi ng froart he Tpex ﬁabrt:]te izasede las dietes itledt i PysanPdsebei ng at an

angl e of greajefgd h?c?s 55 'Ith% tf}?ﬁ» g%%ﬁ‘b%fr e 5 drlgmx §3 dodoy g‘ %QE\(/@CG
havi ng a pIura1|ty nlngs ose 5%determ n pattern
means for posPRIXREYRF %?mqnﬁréﬁétlaygheoHePhéSaBPcé§°6PrﬁhHebyP£n1ds over

a portios of ihe dqatidheny. ofirdne (d@r. lsmcmffE&&%ph@Cdbﬂ@tﬁUTr%lydﬁ the drum for

protecting ad%q%ent fluid streans S taneousl¥ agai nst_sai d flb@gus | ayer
and t hen -agai M=% %e gy}aﬁﬁe s VEFEhaN % RFSAGR PRE §8u858n?'ﬁ§g and“Pnto the
drum nmeans fHirsotranifplshiic dpematied etsdio® bisigd tbebeergngr oj ect ed

agai nst said Mﬂe&f%%fe%e,pagzaw tHeNthd94 - féaregaaﬁddr399ﬁed i nsi de

the drumto renov e fluid fromthe surface of rum and nmeans for
renovi ng sai iRyt fLA8G @sifom VREULHr PEc@SoANFRESJ( BAr S5CB8. A
met hod 0§ pr ogificratern s ahdeabeiachamanidiold. As may be seen,

there is some entanglement in the juncture and some
parallelized fiber segments. However, the juncture is
not nearly as compacted and densified and there is
considerably more randomness in the fiber array of this

15 juncture than in the junctures of the fabrics of the
present invention.

As is seen from the photomicrographs, Figures 20 through
34, the fabrics of the present invention have unique

20 structural characteristics. These characteristics are
that the fibrous areas of the fabrics are very dense and
compact, to a much greater degree than in prior art
nonwoven fabrics. The denseness or compactness is
uniform in the fiber groupz and resembles that which

25 occurs in spun yarns of si- .ar fibers of similar
denier. Another unique cha.acteristic that appears in
all the fabrics of the precent invention is the degree
of clarity of the open areas of the fabrics. There are
few fiber ends, loops or segments which extend into the

30 open areas to reduce the clarity of the fabric. This
property makes the resultant fabrics appear similar to
woven fabrics. Also, the interconnected areas of the
fabric are not enlarged as in prior art fabrics. This



to Caim1 which conprises; supporting a |ayer of randomy arranged
overlapping fibers in frictional engagement with one another % ef
throughout the area to be affected to maintain 10 its |ntegr|t(;2 Nezulogle
| ayer is so supported, noving segnents of fibers in said |ayer under the

i nfluence of applied fluid forces, sidewi se fromareas of the | ayer spaced
| aterally and longitudinally fromeach other, into closer proximty to and
i ncreased parallelismw th segnents of 15 adjacent fibers |ying between
sai d spaced areas, sinultaneously noving %?eg'rrents of fibers in a
circunferentia h. abo eqne flbers whi_ch ar ved into

cl oser proxim %ypgﬁm |%%n;%ra 3-' pa?caci Ince i sn%vt?n a ]ﬂearaé’cteooghgggpproxi mat e
centers of eacfabyheslict cthe atjesanth wemtafonzo Jbesed sgragsukrhdi d forces

havi ng Opposedcﬂxafaé@érig@ﬂssl af 1000 %?@Q:Qﬁ'@ltes.'eqfoﬂ Yreatagt Ilaareaaal el to
the plane of t %/ﬁer and cooperating ratational corrponents of force,
FFEAPEIFohert

portion of sai Y%’t e TAOEGS i nThRe LBPEAESof the

fibrous |ayer aefidtiparmtdsint d et iginaavengcdod ettireng2h.r ohasobpnahef orces

act in the pl apg f endin¢Wean el30 i ane. .AYA
“Age. Age. AR AeroiAch{}?f Aaéy% (Aiqﬁ'éﬂ%y?d.g e %Q’I"%Ug Leh §.8A.93\h ALay. A A

9e. Af LR Af . A, FRRERERENE Agpwaqda_eélﬁé:lﬁsxx ﬁSPRClallY wicking

e. A5e. AS. ASy. A XSt s IR Asl. AN. A&?. A9y. A&h?. AL_. AY ] _di[\+d2cC

[ {vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] caU] ca] ca] ca] cal] ca] cal] ca]

cal] ca] ca] ca] caU] ca] ca] c”a]c: al]cRa] ca]ca

[\ @&3i 6EK8#28HEXamplel 4b] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a

] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca]caljca]jca]calo!ll!l ™"

###0$( WX %-%0RBB&I & ~ysni d_Zl gb ca] ca] ca] ca] caU] ca] caU] ca] ca] ca

] cal cfa] ca] ca] cw%ﬁ%éw%]ﬁﬁa%rc% @Alﬁ’]fc]aﬁ] ]GEP]EQHL‘;JQ]’ELTE% Jeal

g )2) " (j[ (( (E( )fabric of the present invention. A bleached cotton we)]a lcal
R[4+ al.ca cglcajcalcalcalc

a]ycaU] cal cay] ca] c%’]oa@]; t% %g] ]g] al% % % ]‘86 gla’l] cg] calca! 0

111122238%4556%8°5 SNBApta® M@GSEﬂltllﬁkM&‘b\/\]ﬂ]eea]\éaPéé] gai]ll-:!af] ca] ca] ca]

ca] ca] ca] caj Caﬁ&ﬁ] d and comprises 5.0 micronaire, inc ﬁ)
g]Qc%]) A%’?]R(I;%]R%a] ca % a] cat]t(i:"oa CfAJ. e%’;a] c%]_‘ca]S L%a;gE%NEEHHI KL+L2LMP
V\]WYU] ) g]g~y§ 0] méb@%w o caa]lfﬂﬂ!] Oa]&Ba] (m]nom]aaa]lm] ma]shal cabllszeiwﬂxf aJ ca|U] ;
a] calU]ca]ca]c u z

zaz| ~~~~ztnid crg "Z%a a ca Qﬁ %‘?%UF ca ca cg J(s:a] ca] \(I:Mg]/ca]
ca] ca] ca?@a] ca‘]k’éﬁca‘]@éﬂkaa‘]%a e\ia‘e.s]e@a] cé’?‘@alfR‘FmanM 7@% '®:WErR-b{ vqgl gb
\ W d_ZU] | ca] c\yf £&] sl éxd]dra]c.ald el ca) ehltal c,aulacahsabﬂ:@a] é£lf cxg cal ca]

E3][ g] 2] f?/] ]:21;1]: 1 C%ﬁ(g]ﬂcfg]ﬂcpaé)] @3] egag]‘%ﬁ]l? %]/03}? §F€af€§f&a?’53?ta] %’?ﬁ c
a] ca] ca] ca] ca] £ bdd ferd ioeg cwrdfiglshjassidicdalted! therewith comprlses
| X_%9j qf { 8zupki &\ Wy < ad £ al:Sed icalL.a] Gajez@l G2kC30 orifices i

o cale ool o B A S S e R S LR B b ca

' % =hky[ h! (3: Zelbhe_apifhom ivedt1a] @ajooglieahc qeppebramasklya] cadre| ey cal ca
Icalca] c(a] ca] gal gal cal Gal cgleal il e 6ieakedl Galoaehsraté by a
distance of about 2 inches (about 5.1 cm). The fibrous
web is placed on the forming belt, wetted with water to
30 position the web on the belt, and passed under the
fluid-feeding manifold at a rate of 100 yards per minute
(91.4 meters per minute). The orifices of the first row

supply water at pressures of 100 psig, the orifices of



K

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]c*a]ca]ca]ca]ca]c
aJca] ca] ca]ca] ca] ca]ca] ca]c(a] c(a]ca]cal

EuVPI 0357>DI AxN{ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca]l da H&]ggﬁca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca] ca! NDQa/ pN'+" 1" """ ##0$$RU8%
0'}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]calca]lcalcalcalcalcalcalc
aJcalca]ca]calcalca]calcalcaljcalcalcal 0 o ' Qa/ pN'+"1""""##0$$RWBO' } xsni d_Z]

c]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal}capca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

caljcalca]calcalcaljcalcaljca ] _dB'i @10% ()-Y s10%& ()-L10%& ()--

: FM 10% g ($heg Q1SR ¥ oW BHAPYR Y3 tern-od § Pressudeg (1) 4o Ysit0y@&ng) - m

LFIA0E () @0 (21 @ L0V Lot O RS0 )oon OO

& ()-10% ()-" 109 3 10 10 1092 109%& 7 HH+ &

@7~ @ mLov&' R 158-'?'—’*'9&&0% 890 _psiq | A %t&@%/&\a(qlﬂqlﬁb/&lépwﬂfoty@ () @

3i 3456} [ M?1 1drted O +tHO+HOERMg 1198t Sarfd -Urild¥d He -f ui%# febA¥ng& () -Y ! QO#

"10%&I() Y manifold is maintained at a vacuum of 25 inches (63.5

cm.) of water. The formed fabric is turned over and

formed on the second side; i.e, the side of the web in

contact with the forming belt during the first

processing step is now subjected to ejected water in a

10 second procesing step. In the second step, the formed
fabric is placed on a second forming surface. The
second forming surface comprises rows of pyramids with
the apices of the pyramids aligned in two directions
perpendicular to -z2ch other. Each pyramid has a

15 generally rectar . ir base. The surface has eight
pyramids per inc’ 2 the machine direction and 20
pyramids per inch in the transverse direction. The base
of the pyramid is 0.125 inch in the machine direction
and 0.05 inch in the transverse direction. The base of

20 the valley between pyramids is radiused to 0.003 inch
and each pyramid as an apex to valley height 0f 0.065
inch. Holes are disposed in the forming surface in a
regular pattern; i.e., in the valleys at the center of
the longer sides of ‘adjacent pyramids and where four

25 pyramids meet. Each hole has a diameter of 0.033 inch.
The fluid-feeding manifold associated with the second
forming surface comprises nine rows of orifices. There
are 30 orifices per inch (11.8 orifices per cm.) in each
row with each orifice being approximately 0.007 inch

30 (approximately 0.018 cm) in diameter. The once formed
web is wetted with water and passed under the fluid-
feeding manifold at a rate of 100 yards per minute (91.4

meters per minute). The orifices of the first row
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cm.) of water. The resultant formed fabric has a mean
average Calculated Strand Density of 0.154 grams per
cubic centimeter and a Clarity Index of 0.66, when
tested as hereinafter described.

10 Determination of Clarity Index
Image analysis specified for determining the Clarity

Index of apertured nonwoven fabrics is next described.
Clarity Index is measured on apertured nonwoven fabrics
that contain no binder. Clarity of an unbonded

15 apertured fabric is a function of the fiber distribution
in a fabric with the Clarity Index increasing as a
greater portion of the fiber is placed in distinct Fiber
Cover areas which surround apertures in the fabric.

To determine the Clarity Index of an unbonded

20 apertured fabric, several area fractions are measured.
Fiber Cover (FC) is the area fraction representing the
vyarns of woven gauze, for example, or the distinct fiber
bundles of apertured nonwovens. Fiber in Apertures (FA)
is the area fraction representing fiber which is not in

25 the fiber bundles but intrudes into the open spaces
between yarns of woven gauze, for example, or into the
apertures of nonwoven fabrics. Cleared Apertures Area
Fraction (CA) represents the area fraction of the
openings or apertures in the fabric (the sum of the Open

30 Area (OA) area fraction and the FA area fraction]. The
Clarity Index (CI) of an apertured fabric is calculated
as the ratio of the Cleared Apertures Area Fraction (CA)
to the sum of Fiber in Apertures (FA) and the Fiber
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5 The resultant Clarity Index increases with clarity of

formation of the apertured fabric.

The Clarity Index of apertured fabrics may be measured
by image analysis. Essentially, image analysis involves

10 the use of computers to derive numerical information
from images. The fabric is imaged through a microscope
set at a magnification such that several repeat patterns
are imaged on the screen while simultaneously allowing
visualization of individual fibers in the fabric. The

15 optical image of the fabric is formed by a lens on a
video camera tube and transformed into an electronic
signal suitable for analysis. A stabilized transmitted
light source is used on the microscope in order to
produce an image on the monitor of such visual contrast

20 that the fiber covered areas are various shades from
grey to black and the open or fiber-free areas are
white. Each line of the image is divided into sampling
points or pixels for measurement.

The Mean Aperture Area may also be determined by

25 image analysis as the mean value of individual areas,
in square millimeters, which represent the apertures
surrounded by fiber covered areas identified as the
Fiber Cover (FC) area.

Such analyses are carried out by using a Leica

30 Quantimet Q520 Image Analyzer equipped with grey store
option and version 4.02 software, all available from
Leica, Inc. of Deerfield, Illinois, USA. The light
microscope used is an Olympus SZH Microscope set at a
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magnification of 10X by using a 0.5X objective and a
dial setting of 20X. The microscope is equipped with a
stabilized transmitted light source. A Cohu Model 4812
Video Camera provides the link between the microscope
5 and the image analyzer.
A commercially available woven gauze fabric of

U.S.P. Type VII is suitable as a reference for purposes
of image analyzer set-up. The package of woven gauze is
opened and a single sponge removed and unfolded to a

10 single layer thickness. The woven gauze layer is placed
between two clean glass slides on the microscope stage
and sharply imaged on the video screen. The fabric
pattern is oriented so that several whole pattern
repeats are visible on the screen. See Figure 37A.

15 Using the Leica Quantimet Q520 Image Analyzer configured
with an Olympus SZH Microscope, with magnification set
as described above, results in an analyzer calibration
of 0.021 mm/pixel and allows analysis of an area
containing from 14 to 24 whole pattern repeats of the

20 U.S.P. Type VII gauze in a single field. The image
brightness and contrast (Gain and Offset) are set to
include the complete range of grey levels in the
displayed image (a display of the Grey Level Histogram
contains all possible grey levels on scale). Such a

25 setting allows detection of the yarns, the clear
aperture areas, and the fibers extending from the yarns
into the aperture areas. Next, the sample is removed
from the microscope stage and the two clean glass slides
are used to perform a Shading Correction to eliminate

30 any uneven lighting across the field of view. The
sample is then replaced on the microscope stage.

To measure the Clarity Index, several imaging
operations are performed, as follows:
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1. First, the black image area detect level is
set to equal the bundled fiber strands and
interconnected junctures only without detecting the
individual fibers extending from the yarns into the

5 apertures. See Figure 37B. The Black Detect grey
level value is noted for future reference.

2. Using the Amend function, the detected
image of the yarns in the detected Plane 1 is stored
in Image Plane 3 for measurement at a later time.

10 This image in Image Plane 3 represents the Fiber
Cover area (FC). See Figure 37C. Note: If
necessary, in order to fully detect the Fiber Cover
area, the image in Plane 1 is Dilated a number of
cycles until holes within the Fiber Cover area are

15 eliminated; then, the image is Eroded the same
nunber of cycles to return Fiber Cover area edges to
the original limits as set in the Detect menu.

3. Next, the White Detect level is set to
equal the areas that are free of fiber within each

20 aperture in the field of view. The White Detect
level is also noted for future reference. This
detected image in Image Plane 1 represents the Open
Area (OA) of the fabric. See Figure 37D.

4. Using the Logical function, the images in

25 Plane 1 and Plane 3 are combined according to the
formula: Invert (Plane 1 XOR Plane 3). That is,
create an image of all pixels that are not in either
Plane 1 or Plane 3. This operation generates an
image in Image Plane 4 of the fiber extending from

30 the yarns into the fabric apertures or "Fiber in
Aper .ures" (FA). See Figure 37E.

S. The following image Field Measurements are
made and the Area Fraction values recorded for
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Plane 4 (FA) (Figure 37E)
5 A Cleared Apertures Area Fraction (CA) is

calculated as the sum of the Open Area (0OA) and the
Fiber in Apertures (FA). The Clarity Index (CI) is
also calculated as the ratio of the Cleared Aperture
Area Fraction (CA) to the sum of the two area

10 fractions, the Fiber in Apertures (FA) and the Fiber

Cover (FC):
CI = CA / (FA + FC).
Additional fields of the woven gauze are
measured in the same manner using the Black Detect

15 Level and White Detect Level chosen in steps 1 and
3. Results from a number of representative areas of
the fabric (at least ten fields are analyzed for
each fabric) are averaged to provide a Mean Clarity
Index.

20 Image analysis is also used to determine the
Aperture Size, as the mean_aperture area in square
millimeters. For each field examined in steps 1
through 5, the following steps are taken after
recording the field measurements and before moving

25 the fabric to the next field:

6. Using the Logical Function again, combine
the images of Plane 1 (OA) (Figure 9D) and Plane 4
(FA) (Figure 37E) through the image addition (OR)
function to form an image of the Cleared Apertures

30 Area Fraction (CA) in Plane 5. See Figure 37F. The
image equation is:

Plane 5 (CA) = Plane 1 (OA) OR Plane 4 (FA).
7. In the Feature Measurement Menu, set
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8. In the Histogram Menu, choose the Area
parameter and highlight this as the graph choice.
Then, choose Measure to analyze the image of Plane

5 5, CA, for individual feature areas.
9. Repeating steps 6 through 8 for each field
after the analysis for Clarity Index (steps 1
through 5, above) will generate a cumulative
histogram of CA areas with Mean and Standard
10 Deviation values (the histogram is not cleared
between different fields of the same fabric sample).

10. At the end of the series of fields for the
woven gauze fabric, the Aperture Area Mean and
Standard Deviation, in square millimeters, are

15 recorded.

The Clarity Index and Mean Aperture Area for
fabrics according to this invention and fabrics
according to the prior art are analyzed in a similar
manner using the detect levels determined during

20 analysis of the woven gauze. For Clarity Index, the
field measurements are stored and results
calculated, for example, in a Lotus 1-2-3 worksheet.
The Clarity Index of each fabric is reported as the
Mean Clarity Index. After accumulation of the

25 feature data for each field, the mean and standard
deviation are recorded in the worksheet and reported
as the Mean Aperture Area.

The fabrics of the present invention have a Clarity

30 Index, measured as described above, of 0.5 or greater.
The more desired fabrics of the present invention have a
Clarity Index of 0.6 or greater while the preferred
fabrics of the present invention have a Clarity Index of
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108787 108787area fraction representlng the fiber covered pattern

area and a fabric density calculated using the fabric
weight in grams per square centimeter divided by the

10 average thickness, in centimeters, of the fiber bundles.
The measurements for determining Calculated Strand
Density are made on unbonded nonwoven fabric. The
method for determining the Calculated Strand Density,
which is expressed in grams per cubic centimeter, for

15 apertured nonwoven fabrics is next described.

The analysis requires determination of the fabric
weight (WT) in grams per square centimeter (g/cm?),
measurement of the thickness (Z) of the fiber bundles in
centimeters (cm) and Clarity Index analysis to obtain

20 the area fraction (FC) which represents the fiber
covered pattern area.

A standard test method, such as ASTM D-3776, is used
to determine the fabric weight. The thickness of the
fiber bundles can be determined using a Leica Quantimet

25 Q520 Image Analyzer to measure cross sections through
fiber bundles.

To prepare a fabric for image analysis of the fiber
bundle thickness, a representative sample of the fabric
is embedded in a transparent resin (e.g. Araldite™

30 Resin) and cross sections of the fabric/resin block are
made using a low speed saw, such as a Buehler Isomet
Saw, equipped with a diamond blade. Serial cross
sections, each 0.027 cm. thick, are cut in both the
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Optical Adhesive 60 as a mounting medium. From
microscopical examination of the serial sections

5 compared to a piece of the original fabric being
analyzed, cross sections representing the fiber bundles
are marked for .measurement. Sections of fiber bundles
in the nonwoven fabric are selected with the cut made in
the region approximately midway between the "bow tie"

10 configuration and an interconnected juncture or, when no
"hbow tie" configuration is present, between two
interconnected junctures. Sections of fiber bundles in
nonwoven fabrics of the prior art are selected with the
cut made approximately midway between interconnected

15 junctures.

The thickness of each fiber bundle selected is
identified as the length of a line drawn through the
cross section from the boundary representing one surface
of the fabric to the boundary representing the opposite

20 surface. The length of the lines representing each yarn
bundle thickness is measured and the mean yarn bundle
thickness (2Z), in centimeters, is recorded. The area
fraction (FC) representing the sample fiber covered
pattern area is obtained from the Clarity Index

25 ahalysis.

Next, the Calculated Strand Density expressed in
grams per cubic centimeter (g/cc) is calculated
according to the following formula:

30 Calculated Strand Density =
WT / (2 + FC)
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Determination of Fabric Densjity

A method for the determination of the Fabric Density of
an apertured, nonwoven fabric is next described. The

5 Fabric Density is a value calculated from the fabric

—_  weight per unit area in grams per square centimeter, the

fabric thickness in centimeters, and the area fraction
representing the fabric covered pattern area in the
fabric. The units of Fabric Density are grams per cubic

10 centimeter.

Standard test methods (e.g. ASTM D-1777 and D-3776) are
used to measure the weight per unit area and the
thickness. Fabric bulk is then calculated by dividing

15 the weight per unit area by the thickness and is
expressed in grams per cubic centimeter. The area
fraction representing the fiber covered pattern area in
the fabric is the Fiber Cover (FC) value obtained from
the Clarity Index analyses. See above. Next, the

20 Fabric Density is calculated by dividing the fabric bulk
by the area fraction (FC).

The fabrics of the present invention have a Calculated
Strand Density, measured as described above, of at least

25 .14 grams/cubic centimeter. The more desired fabrics of
the present invention have a Calculated Strand Density
of .15 grams/cubic centimeter and above while the
preferred fabrics of the present invention have a
Calculated Strand Density of at least .17 grams per

30 cubic centimeter.

Having now described the invention in specific detail
and exemplified the manner in which it may be carried
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junctures by flbers common to a plurality of said groups to
define a predetermined pattern of holes in the fabric,
characterised in that said fabric has a Clarity Index of at
least 0.5 and a Calculated Strand Density of at least 0.14
grams per cubic centimeter.

10

2. A non-woven fabric according to Claim 1 wherein the

Clarity Index is at least 0.6.

3. A non-woven fabric according to Claim 2 wherein
15 the Calculated Strand Density is at least 0.15 grams per cubic

centimeter.

4, A non-woven fabric according to Claim 1 wherein the
Clarity Index is at least 0.75.
20
5. A non-woven fabric according to Claim 4 wherein the
Calculated Strand Density is at least 0.17 grams per cubic

centimeter.

25 6. A non-woven fabric according to Claim 1 wherein
said yarn-like fiber groups comprising a plurality of parallel
and tightly compacted fiber segments, at least some of said
yarn-like fiber groups include fiber segments
circumferentially wrapped around at least a portion of the

30 periphery of said parallel and tightly compacted fiber

segments.
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7. The non-woven tabric of Claim 6 wherein said—the
circumferentially wrapped portion includes fiber segments
which extend into and at least partially through the yarn-like

fiber groups.

5
. 8. A non-woven fabric o? Claim 6 wherein the

circumferencially wrapped portion is disposed substantially in
the center of the fiber group between interconnected
junctures.

10

9. The non-woven fabric of Claim 6 wherein the

plurality of parallel and compacted fiber segments in some of
the fiber groups have a helical path.

15 10. The non-woven fabric of Claim 6 wherein there are a

plurality of circumferentially wrapped portions disposed

between interconnected junctures.

11. The non-woven fabric of Claim 6 wherein the
20 junctures comprises a pluirality of fiber segments, some of
said fiber segments being straight, while others of said fiber
segments have a 90 bend while still other fiber segments have

a diagonal path within the juncture.

25 12. The non-woven fabric of Claim 11 wherein said

junctures include fiber segments extending in the “2”

direction of the fabric.

13. A non-woven fabric according to Claim 1 wherein
30 said yarn-like fiber groups are comprised of re-arranged
fibers, wherein fiber segments within a group are compacted

and substantially parallelized and wherein said junctures
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comprise a plurality of highly entangled areas, some of said
entangled areas interconnecting said yarn-like fiber groups

while others of said entangled areas are disposed in yarn-like

fiber groups.

5
14. The non-woven fap;%c of Claim 13 wherein entangled
area disposed in a yarn-like fiber group is substantially
centered between adjacent entangled areas that interconnect
the yarn-like fiber groups.
10

15. A non-woven fabric according to Claim 1 wherein
said yarn-like fiber groups comprise a plurality of parallel
and tightly compacted fiber segmens, the fiber segments in at
least some of said yarn-like groups being twisted whereby the

15 fiber segments follow a helical path as they pass along said

yvarn-like fiber group.

16. A machine for producing a non-woven fabric

according to Claim 1 from a layer of starting fibrous

20 material, the individual fibrous elements of which are capable
of movement under the influence of applied fluid forces, which
comprises a three dimensional backing member having a specific
topographical configuration for supporting a fibrous web
thereon, characterised in that said backing member has a

25 plurality of pyramids (61) disposed in a pattern over one
surface thereof, each pyramid having an apex (65) and a base,
and a plurality of sides extending from the apex to the base,
the sides (104) of the pyramids being at an angle greater than
55 to the horizontal surface of the backing member, said

30 backing member including a plurality of openings therein, said
opening being disposed in a pre-determined pattern with

respect to said pyramids and means for projecting adjacent
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openiings are disposed in the areas where the gides of the

pyramids meet said backing member.

18. A machine according to Claim 17 wherein the
openings extend up the sides of the pyramids.
10
19. A machine according to Claim 16 wherein each

pyramid has four sides.

20. A machine according to Claim 19 wherein the apices
15 of the pyramids are aligned longitudinally and transversely of

the backing member.

21. A machine according to Claim 16 which includes
openings at the sides of the pyramids and openings at the

20 corners of the pyramids.

22. A machine according to Claim 16 wherein the

openings are oval-shaped.

25 23. A machine according to Claim 16 wherein the
openings are oval-shaped and extending along a portion of the
sides of adjacent pyramids and through the corner where four

pyramids meet.

30 24. A machine according to Claim 16 wherein the sides

of the pyramids extend at an angle of at least 70° to the

horizontal surface of the backing member for a portion of the
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26. A machine according to Claim 16 wherein the
10 openings are circular and have a diameter substantially equal

to the distance between the base of adjacent pyramids.

27. A machine for producing a non-woven fabric

according to Claim 1 from a layer of starting fibrous

15 material, the individual fibrous elements of which are capable
of movement under the influence of applied fluid forces
characterised in that it comprises; a rotatable hollow drum
(90) having a plurality of pyramids (61l) extending from the
outer surface of said drum, said pyramid being disposed

20 axially and circumferencially of the drum, each pyramid having
an apex (65) and a base and a plurality of sides extending

from the apex to the base, the sides of the pyramids being at

an angle of greater than 55° to the surface of the drum, said
drum surface having a plurality of openings disposed in a pre-

25 determined pattern, means for positioning said fibrous layer
on the apices of the pyramids over a portion of the periphery
of the drum, means located outside the drum for protecting
adjacent fluid streams simultaneously againsgst said fibrous
layer and then against the pyramids and then through the

30 openings and into the drum, means for rotating said drum while

said fluid is being projected against said outside surface,
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means disposed inside the drum to remove the fluid from the
surface of the drum and means for removing said rearranged

fabric from the surface of the drum.

28. A method of producing a non-woven fabric according
to Claim 1 which comprises; supporting a layer of randomly
arranged overlapping fibers in frictional engagement with one
another locally throughout the area to be affected to maintain
its integrity, while the layer is so supported, moving
segments of fibers in said layer under the influence of
applied fluid forces, sidewise from areas of the layer sgpaced
laterally and longitudinally from each other, into closer
proximity to and increased parallelism with segments of
adjacent fibers lying between said spaced areas,
simultaneously moving segments of fibers in a circumferential
path about the segments of fibers which are moved into closer
proximity and increased parallelism by applying to the
approximate centers of each immediately adjacent pair of
spaced areas fluid forces having opposed lateral translatory
components of force acting parallel to the plane of the layer
and cooperating rotational components of force, a portion of
said rotational components of force acting in the plane of the
fibrous layer and parallel to said plane, while other
rotational forces act in the plane of the fibrous layer and

perpendicular to said plane.



