NCNWCVENK%ABRICS-HAVING RAI SED PORTI ONS Background of the Invention 5
Traditional fabrics have, for centuries, been decorated and had their
surface texture nodified by enbroidery and other needle arts. Oiginally,
this process was obtained through tedi ous hand | abor, painstakingly
applying fine stitches that had the cunul ative effect of building up a 10
region of the background fabric according .to sone particular
pattern. The resulting product had a base-fab#ic, conprised of threads or
yarns, woven or knitted accordlng to sone pattern a ralsed regi on forned
by a col |l ecti on MONWOVES BRECS A RALSED R3 : over al
pattern of these raised reglons detern1ned by their respectlve si ze, shape,
orientation and placenent. Wiile rich in appearance, these products were
conplicated to critGEIERN RE-1SANG SRYaNkEQ] 20 Most nonwoven fabrics
are flat and V|suaIIy unlnterestlng In sone instances, nonwoven fabrics

are enbosseq or ne, SO of de n_to vi de . visua

I nterest. % n ot %c@@’r’rﬁﬁv&egﬁﬁ atgqggcgegpgr PBvi 5’&?%4%%’?ted
integral pattern aindi lmﬂttlaetnwxmfaﬂe 2texturiec modifiieid diyirembroidexry and
havi ng an integr iy, t g%g

Apertured fabri cg6 'p%]ereéhaﬂ attern |s gri?zilejfb%%%ﬁ of%nﬁta&ned
fiber segments suihxangh rtedieys jhandolaber, patestakingly applying fine
patterned fabri CSstlééﬁss %waiadacﬁneva;ﬁuxhtueh @ffffwt lasf Ui iingA uip &

[ADore S9! zebln 10, s S SRARERRTT MBSl . agcbrAlefic s dees
are nore transl uqsmtticular pattern. The resulting product had a base
fabric, comprised of threads or yarns, woven or knitted
according to some pattern, a raised region formed by a
collection of threads in some stitch pattern, and an
15 overall pattern of these raised regions determined by
their respective size, shape, orientation and placement.
While rich in appearance, these products were complicated
to create and costly to produce.

20 Most nonwoven fabrics are flat and visually uninteresting.
In some instances, nonwoven fabrics are embossed or
printed with some sort of design to provide visual
interest. In other instances, nonwoven fabrics are

_ provided with an integral pattern during the course of

25 ‘their manufacture. Those having an integral pattern of
their own fall into two categories:

1) Apertured fabrics - where a pattern is created by a
network of bundled fiber segments surrounding apertures or

30 holes; or

2) . Weight patterned fabrics - fabrics that achieve_a.
visual effect by concentrating fibers into regions of
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It isfinmportant to differentiate between basis weight and 5 density.
"Basis weight" is the weight of a unit area of fibrous web or fabric or
portion thereof being characterized. Basis weight has al so been call ed
"area density” in some prior art patents. The term"density" is the weight
of a unit volume of a fibrous web or fabric or 10 portion thereof being
characterized. "Density" has al so been called "volune density" in sone
prior art patents. Typical enbossing process@s=create regions of higher
density without altering the basis weight. Traditional nonwoven patterning
processes producbigbgronmais weighty te 1ncysgss\mpqpitymneletnuentauﬁmng
substantial ly unybgep gaags! %eiéﬁs g%ﬁ@ Wh @ﬂ"'%‘i%‘ eHd.h

t hese known patterning process o] ave cl ear, deflne 20

rai sed portions and therefore the desired patterns are difficult to see.

I n addition, thextaiaedmpettaﬂnswfdﬁff&feﬁt&aeabm%ewmm@wbabhn:canare

not di rrenS| nal | t.hei r S rtion theit three-
di mensi onal st ru%fa gg%en é‘gs igg‘g‘ g‘l’ e ?‘rp‘]’%fgﬂ# 28 “"iFh8§33 et
handl ed or | aundgéibrdousSunmwely obrt hefabr/iemt i or Thpoptésant thereof onbeing

directed to NOMEKERaERALiGR430 saélasv'wigmé RagUB I O Nda PREAT Phrkl
one pl ane thereo rai se rous portion.in anot ane t
There may be tvvodﬁypéfrﬂff iﬂa$§’é%l W‘T atantfs |"(ﬁﬁm "éﬁnstiﬁl!" is

first type of thai @g8dghkObli Qnuhftsvbiﬁﬁét bl thE.BQou%aWEb o¢ rhBpichbagis
wei ght of _the This sth background portion, of

pl t sheet
t he nonwovi® fapPPEt °“Tﬁ§°5§§lfgg\ﬁg§§hf e%ﬂ%"%ﬁ ty ﬁnﬁnga ag also

portion is greatbéen called "volume density" in some prior art patents.
Typical embossing processes create regions of higher

density without altering the basis weight. Traditional

nonwoven patterning processes produce regions of varying

1S basis weight, while maintaining substantially uniform

density.

The prior art nonwoven fabrics made with these known

patterning prdcesses ‘do not have clear, well defined
20 raised portions and therefore the desired patterns are

difficult to see. In addition, the raised portions of

prior art embossed nonwoven fabrics are not dimensionally

stable and their raised port.tons' lose their three-

dimensional structure when stressed, as for example, when
25 they are handled or laundered. '

Summary of the Invention

The present invention is directed to nonwoven fabrics
30 having a fibrous background portion in one plane thereof
and raised fibrous portions in another plane thereof.
There . may be two types of raised portions. The basis
weight of the first type of raised portion_ is
substantially the same as the basis weight of the.
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t han tFe basi s wei ght of the background portion. 5 In accordance with a
first enbodi ment of the present invention, there is provided a nonwoven
fabric conprising a background portion and at |east one raised portion. The
background portion is located in and defines a first plane of the nonwoven
fabric. The raised portion of the 10 nonwoven fabric is |ocated in a
second plane which is above and parallel to the first plane. The raised
portion is joined to the background portlon‘b9 a fibrous transition region.

In this specific enbodinent, the pasis _weight of the raised portion is
substantially t he%§§%€r3§“§5 P°r'fffé“ bR&i StHR| BHP"BVePhef%jwng ourth¢oPasis.
The degsi ty of : It heelighitgiofunch@ oserondatype cotiena i sgdofpdritdomi sedqpaatéﬁn
are substantially n |

substantial ly thet&‘gﬁeiggEPﬁgiga %awg g’%t ttg‘% Pﬁgﬁﬁz"ﬁg@? %ogg‘p}%?} ion is
sonetinmes referred to 20 as an "intaglio" portion. In accordance with a

second enbodgnment yuf i&?oﬁfﬁé‘%t ey %fg@rgmbgdghgﬁgde&faa@\ﬂgyggen 5

fabric which al so conprises roun ortion and | east one ral sed

portion. As was SR¥epkieny, Fhefﬁe Bi P§P"gﬁﬁ€d? naPwovRR FabkifcamPpbsingn
is located in andadpatkgsoandi poitioarendfat Neastnomnecralised pottdohhe The

the Tiror plane.  PRERGESUPRPEEELSE ¥ 16EEeY 7k BaRIRER"B, RELRE Fland
rai-sed portion isofoithe tonwavemcifabanied porThen ltiyisedi hnmté.clrr ant'i tthm
region.  |nighe ca3auBleh Fai0YI18 MetatRY 11PV8Y Aecddif Pidh '

the raised portlon I's greate basi s mel roun
portion. The defbpve andiparakleltedhe first PRP@eThl 'Ethrﬂa%ed portion

repl acenent sheetjg Jéined to the background portion by a fibrous
transition region. In this specific embodiment, the basis
weight of the raised portion is substantially the same as
15 the basis weight of the background portion. The density
of the background portion and the density of the raised
portion are substantiélly the same. A raised portion
whose basis weight is substantially the same as the basis
weight of the background portion is sometimes referred to
20 as an "intaglio" portion.

In accordance with a second embodiment of the present
invention there is provided a nonwoven fabric which also
comprises a background portion and at least one raised
25 portion. As was the case with the first embodiment, the
background portion is located in and defines a first plane
of the nonwoven fabric and the raised portion is located
in a second plane which is above and parallel to the first
plane. As was the case with the first embodiment, the
30 raised portion is joined to the background portion by a
£ibrous transition region. 1In the case of the second
embodiment however, the basis weight of the raised portion
is greater than the basis weight of the background
portion. The density of the raised portion of this
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nonwoVen fabric is substantially the same as the density of the background
portion. A raised portion whose basis weight is greater than the basis
wei ght of the background portion is sonetines referred to as a "slub”
portion. 5 1n a third enbodi nent of the present invention, there is
provided a nonwoven fabric conprising a background portion, at |east
one first raised portion, and at | east one second raised portion. As was
the case with the first 10 and second entodi ments di scussed above, the
background portion is located in and defines a first. plane of the ngonwoven

fabric. The first nopweyenp&abrde iis subatantially the fapenassthgodengity

paral | Fl tolg he fﬁif,stth%! %%tl)cg‘iidﬁdtﬁrddtﬁihﬁufefnnfﬁi§$§e§??€th0&hb§e| ﬁaa%lsd
in a plane i,ch,is above _and parallel ,to.the fi e. ch o
the first and schﬁ&9P‘§i iﬁd‘JﬁSPPPEn B FBe,basis H?é‘gg’}cﬁgr %Bﬁdbﬁgigmﬂnﬂy
a fibrous transit portieg ¢s. sometines reifedireshito tdw HdElubleipprticn.t he
first raisedgportion is substantially the sane as the basis weight of 20

t he backgrou%d portion, while the basis weight of the second raised portion
is greater than t &8 Bashdrdeiephodimente °ﬁ)a§kﬁr5’€lﬁﬁenﬁoﬁm’ﬁﬂti‘mc | khepe his

Wo'rdsa i nt_thi S e\;ﬁ/{%@%a&at , al NyoHBARrEN f?ifi@dha,tsmﬁﬁsspggmag_ bitaf;ﬁ round

rai sed portions ich are, sonetines geferre as igtagljo

portiong and one BPE Pé'ségoﬁﬁﬁéﬁfﬂﬁf[é}§$§NEP¥§ﬁ§hpgfélanE?Pﬁegg least

[ﬁffr{ﬁd ;p af "sbnh;spoonﬂomaisedmp¢Mtboanbodsnaas,the dasenwti thethestiyst
a e fi ra n c [ {yaON i

pl ane; rat hi@ t hehﬁar S q{og*d;eaﬁ%ggﬁpgﬁéﬁa%éﬁg‘ggpPg)r?ge?,O tﬁfe \Aﬁqlaéﬁéxlé@ﬂ@

above the pl ane oporkdonadisgringatesdrinoanghdefinescandirsts@lane taforthmy
be in a plane whi ﬁBnbavahorabwe.pl IR Fiddte Faiséar posefonOisi Pocatidd Sin S

the replacement Sae%aane which is above and parallel to the first plane.
Similarly the second raised portion is located in a plane

15 which is above and parallel to the first plane. Each of

the first and second raised portions is joined to the

background portion by a fibrous transition region. 1In

this embodiment, the basis weight of the first raised

portion is substantially the same as the basis weight of

20 the béckground portion, while the basis weight of the

second raised portion is greater than the basis weight of

the background portion. In other words, in this

embodiment, the nonwoven fabric has one or more first

raised portions which are sometimes referred to as

25 wjntaglio™ portions and one or more second raised portions

which are sometimes referred to as "slub® portions. 1In

this embodiment, it is not necessary that the first raised

portion and the second raised portion be in the same

plane; rather the first raised portion may be in a plane

30 which is above the plane of the background portion and the

second raised portion may be in a plane which is above the

. plane of the first raised. portion.
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-5- In the process of form ng nonwoven fabrics of the present invention, a
web or layer of fibers or a lightly entangled fibrous web is placed on a
foram nous form ng plate or topographical support nenber conprising an
essentially 5 pl anar background surface with at |east one relatively

wi de recessed region significantly displaced fromthe background surface of
the formng plate. Typically the support nenber conprises a
multiplicity of recessed regions, positiondd =as depressions in some

predet erm ned 10 array, that will forma desired é)attern of raised
portions on the APnidePragass of forming Honovem fakrics wHithe Rreseny

}Nat er, ?r ]ge gppl | gAvientiiion URDwebsekl Bagedf of NEiBéRs bf0af i oty eritatigled
ayer O | bers.

lLnitially, these fluid forc "npl d" the tartiyn web
to the three 15 fi%er%ﬁ aE’sﬁ’]}&‘fFf’ b Br ;Eis°5§n{$'ép‘fﬁ OEBE'@iB? Rﬂﬂlg'?i F
fluid forces contopographical bsuppert amembex ccompd isinigedant apstdntriaddyas
¢ d ; . b \
mor e rai sedpor ¢ PARLRg, BRCRILOHN BRERACE VLR AT aRet | Bhel Herdi iy
one anot her. |n widel teeqessed mefdgndifd cantdyr agdiispdiacedppbrom nthieer
has a rel ativel YbB%kPQWJr@Méé%QntHESE&QﬁQ\g’ rSTat@e Phgpitally the

T SRR PTG EIE N G 7 A -
fabric in accordeegionst,h pos tioreehtas deptessiold Engsomel Priedletermingdan

Voo 2 JECONaPERYS ERAk @127 FOPHY Wed APLA pd el % Hiitbed Porkitns

on the nonwoven fabric. Fluid forces, in the form of

streams of water, are applied to the upper surface of the

starting fibrous web or layer of fibers. Initially, these

fluid forces "mold" the starting web to the three

15 dimensional support member; as the process of épplyinq

fluid forces continues, the fibers are entangled and

' locked together so as to provide a nonwoven fabric

comprising a background portion and one or more raised

portions which are permanently positioned with respect to

20 one another.

In an alternative embodiment, the topographical support
member has a relatively narrow recessed region displaced
from the planar background surface of the forming plate.

25
script the Draw
Figure 1A is a top plan view of a first embodiment of a
nonwoven fabric in accordance with the present invention;
30
Figure 1B is a top plan view of a second embodiment of a
' nonwoven fabric in accordance with the present invention;
- CHI-818
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-6- Fi'gure 1Cis a top plan view of a third enbodi nent of a nonwoven fabric
I n accordance with-the present invention; Figure 2 is a photom crograph, .in
pl an view, of a portion 5 of one enbodi nent of a .nonwoven fabric in
accordance with the present invention. Figure 2A is a perspective view of

t he cross-sectional view taken along |line 2A-2A of Figure 2. 10 Figure 2B
IS a perspective view of the cross-sectional view taken along |ine 2B-2B of
Figure 2. Figure 3 is a photonicrograph of a 8r8ss-sectional view 15

t aken al ong Line 2A-2A of Figure 2. Figure 4 is phot om crograph of a
cross-sectional vFiGMESKIE 4% Ry $PRPEAD ¥iew Q%ré‘ othiyd empodipent pf A

cross-sectional vhenwogenafapriel dhgadcoplance with the preséntoinventiond
nonwoven fabric in accordance with the present invention. Figure 6 is a

phot om crograph, in plan view, of a second 25 type of raised portion in
a nonwoven fabri cFigunec@r dandcphpthnitrographnt innpdan siews;i gfr @ portian
phot om crogr@ph ofea Oﬁﬁﬁﬁ LABakeVi e a i < lqu .
30 Figure 8 ?’15 analfdggh ée sgﬁe‘tégﬁ g{ ?hébé?%gésggtg?gkapﬁv%gvzvog &%gi nitﬁ
Figure 7. This i sthRePregenteipNention: -7- Figure 9 is a block diagram
of the steps of the process for making the nonwoven fabrics of the present

i nvention. Figureg,10. 11 . and 12 are diagrammatjc Vi of three 5 t S
of apparatus for %?88{5& R ngﬁmbvé}?rfsﬁﬁ“% eof"*?n‘é of'the cross-sectiohhl
view taken along line 2A-2A of Figure 2.

10
Figure 2B is a perspective view of the cross-sectional

view taken along line 2B-2B of Figure 2.

Fiqure 3 is a photomicrograph of a cross-sectional view
15 taken along Line 2A-2A of Figure 2.

Figure 4 is a photomicrograph of a cross-sectional view
taken along Line 4-4 of Figure 2.

20 Figure 5 is a cross-sectional view, greatly enlarged, of
~ one type of raised portion in a nonwoven fabric in
accordance with the present invention.

F_igure 6 is a photomicrograph, in plan view, of a second
25 type of raised portion in a nonwoven fabric in accordance
with the present invention.

Figure 7 is a photomicrograph of a cross-sectional view
taken along Line 7-7 of Figure 6.

30 |
Figure 8 is an idealized sketch of the cross-sectional
view shown in Figure 7.
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present invention. Figure 13 is a perspective view, with parts in cross-
section, of that portion of a topographical support nenber 10 used to
produce one background portion of a nonwoven fabric. of the present

i nvention. Figure 14A is a sketch in cross-section show ng one type of
recessed region in a topographical support nenber which 15 can be used
to make a nonwoven fabric according to the present invention. Figure 14B
is a sketch in cross-section showing a=di*fferent type of recessed

region in a topographical 20 sup)gor menber which can be used to nmake a
nonwoven fabric BAgBFEi 9g 1% & Helog s@iﬂgFﬂPeﬁ’tfi Fhe strpe 2f the;rrreess,

i n cross-secti onfogf making\eK@'néAV6VEn "BaABricsnoft khesppR8EhtMEAVEAL OON.
Figure 14B. 25 Figure 16 1s a diagrammtic view of an apparatus for form ng
t opogr aphi cal support .nmenbers which can be used in the manufacture of
nonwoven f abri csFiguvedi 1@, 011 hangdr dsknarienvdiagramngOici yiewsl o€ i thredi t

map of the gatt ed ot t m Yovsh t Ceet
nonwoven fabri ce&ggagf GEI 36’?’?%&6% |S§S S The Ie Iaé:%ment S ae)'g{‘i)‘gé‘| §t e
Figure 17B is appesenkghnvegtdamsy enlarged, of the rectangular region
301 of Figure 17A. Detailed Description of the Invention 5 Referring now to
Lgﬁv\g\rlg\# P gz’ri EI ?#&SréA 1'3S fst gp ;%ras%evééa%eonri%wf,l r\%tl'?nggg{:ge r}tn Otf:rosas-
section, of that portion of a topographical support member
10 used to produce one background portion of a nonwoven

fabric of the present invention.

Figure 14A is a sketch in cross-section showing one type
of recessed region in a topographical support member which

15 can be used to make a nonwoven fabric according to the
present invention.

Figure 14B is a sketch in cross-section showing a
different type of recessed region in a topographical

20  support member which can be used to make a nonwoven fabric
according to the present invention.

Figure 15 is a sketch, in cross-section, of a nonwoven
fabric made using the support member of Figure 14B.

25
Figure 16 is a diagrammatic view of an apparatus for
forming topographical support members which can be used in
the manufacture of nonwoven fabrics according to the
present invention.

30 |
Figure 17A is a bit map of the pattern used to create the
support member used to produce the nonwoven fabric 10C of
Figure 1C.
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accordance with the present invention. Nonwoven fabric 10A includes a
background portion 12 and at |east one 10 integrally formed raised
portion 16. Three such raised portions, illustrated as the letters "J",
"S" and "K', are shown in Figure 1A Nonwoven fabric 10 conprises a
plurality of generally staple length fibers which may be, for exanple,
cotton, rayon or polyester, or Dblends 15 t hereof. Background
portion 12 is located in and defines a firsf ﬁléhe of nonwoven fabric 10A

Rai sed portions 1§.are |lo ed,in a Rlgne which i ve rallel, t
the first plane. giﬂgrgediqbor#orﬁ Waﬂ??bi rﬁf}%gi& hee%gg’c:%ﬁunaf ghe
portion 12 by a frectangulamsregbonr3gloofwiigur20 17A.i || be described in
greater detail hereinafter. I n nonwoven fabric 10A of Figure 1A, the
basi s weight of the rai portions 16 is the sane as the basis weight of
t he background poRekgaded VESREIERASNLQLoENSINYENIIQIN ons 16 i S
substantial lg identical to the density of background 25 portion 12.

Ref i t ' 1B, th is illustrated d di t of
nonvovenf abr i c. i R Akt T PFBLIREH s TR, ModfooraROpHED
10B is al so nade view 36f apifirski t¢mbbdimepte bEnga h rHormvemnfabeica in
back d ti ' I d;ral ti i '
Cop Bl an vi o, | AgSCraca” JIlhTHIR preSLlE] (iReREIoNy Iihidval] Fibrid
nonwoven fabric 10A ingligesmund backgreund qporbtionyd? famdi at1deass one

'gcat ed in 1T£]@ig !fnil-.a raq%gamalu i‘@i?ed po?tié‘l'i‘hdldefi nn&e? Lédéi 1ﬁAﬁ@i
ooy e 1 iafhstod o 0 JAp o U B el o
surface 12 by a fshoens inaFiiguren 1Xgi onNonwdvemasfabricorlll comprises a
plurality of generally staple length fibers which may be,

for example, cotton, rayon or polyester, or blends

15 thereof. Background portion 12 is located in and defines

a first plane of nonwoven fabric 10A. Raised portions 16

are located in a plane which is above and parallel to the

first plane.  Raised portions 16 are joined “to the

background portion 12 by a fibrous transition region which

20 will Dbe described in greater detail hereinafter. In

nonwoven fabric 10A of Figure 1A, the basis weight of the

raised portions 16 is the same as the basis weight of the

background portion 12; The density of raised portions 16

is substantially identical to the density of background

25 portion 12.

Referring now to Figure 1B, there is illustrated a second
embodiment of a nonwoven fabric in accordance with the
present invention. Nonwoven fabric 10B is also made of a
30 plurality of staple length fibers and has a background
portion 12 and an integrally formed raised portion 18
which, in top plan view, is generally rectangular in
shape.. As was .the case with nonwoven fabric 10a,
background surface 12 of nonwoven fabric 10B is located in
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5 above, will be described hereinafter. The basis weight of raised
portion 18 in nonwoven fabric 10B is greater than the basis weight of
background portion 12 to which it is joined. Thus it will be appreciated
t.hat whereas rai sed portions 16 conprising nonwoven fabric 10A have the
sane 10 basis weight as its background portion 12, the basis weight of
the raised portion 18 of nonwoven fabric 10B has a baS|s wei ght which is
different fromthe basis weight of its backgrdund portion 12. 15 A third

nbodi f h ng | '
ahown 1 top pi arf AEEIAER o (elfel SFRIRETSE AbivobeR PABEEC 108, Pria hd °
is made from a plakse ithe gase apiﬁllwwemb%abrm Mb.tmimwwthm 18
nonwoven fabrics g 41 &&B:Mwu% &ababﬁnéactaa?ta Bch &m&%muée

portion 12 which |s ocated,in and defings~a first p ane he nonwoven

fabric and, in tH% P¥specfibrous,t tion hregion ¥ %%\\(léﬁed"
fabrics. Norsmver‘asm; WilCr Aescrdibed hereinafeeror trhenrsaéﬁs smﬂqhtaaat

Fur ther compr i sesised e piod ! sh 5 Rehvpyé, omdd MO 1o idacs;

and "K'. The raithal hasis oneight 0bf nbackgreundbportiod A rt@splhid:lt at 1s
raised portions ]I-@ edlONVEGS febvit11Be a§ felcdatel RYdt Vhekedd raised

nonwoven fabric corresponds to ralsed tion 18 of 30 nonwoven

fabric 10B. |t vRoutigng ke cempRiskng nanveveRofabsis 18Achaye,thec same
fabric 10Cigave addwis Swetighitt a\bl dits Sbﬁuﬁ@faﬁhﬂa|ﬂ>drtﬂ6ﬁt Imql tRet Basis

b ht of ba t th

‘ai sed porti on 1ye§a$&?%?dﬁ§ \SAISFE PR 18Cohaomiaxes fapile 1¥E has
repl acenent sheeta basisl@eights m;im G5t diiferent firomt thetbasis heeight of
weight of its  j¢g packground portion 12.

15 A third embodiment of a nonwoven fabric in accordance with
the present invention is shown in top plan view in Figure

1C of the drawings. Nonwoven fabric 10C is made from a
plurality of staple Xength fibers as was the case with

. nonwoven fabrics 10A and 10B. Nonwoven fabric 10C has a
20 background portion 12 which is located in and defines a
first plane of the honwoven'fabric and, in this respect,

is the same as the earlier mentioned nonwoven fabrics.
Nonwoven fabric 10C comprises first raised portions 16

shown as the letters "J%, ®s®, and "K* in Figure 1C.

25 Nonwoven fabric 10C further comprises a raised portion 18,
enclosing the three letters "J%, "S" and "K". The raised
portions 16 of nonwoven fabric 10C correspond to raised
portions 16 of nonwoven fabric 10A. The raised portion 18

of nonwoven fabric 10C corresponds to raised portion 18 of

30 nonwoven fabric 10B. It will be understood that raised
portions 16 of nonwoven fabric 10C have a basis weight
which.is substantially identical to the basis weight of
background portion 12 of the fabric. On the other hand,
raised portion 18 comprising nonwoven fabric 10C has a
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backgrbund portion 12. I n nonwoven fabric 10C, the background portion 12,
the first raised portions 16, and the second rai sed portion 18, have

substantially identical 5 densities. Background portions 12 of nonwoven
fabrics 10A, 10B and 10C are the sane in each instance. Thi s background
portion 12 has a tricot-like pattern and appearance but it 10 wll be

under st ood that the background portion may have different patterns and
appearances. In the specific case of nonwoven 19aBric 10A rai sed portions

16 and background tio t he tric lJ ke, pat n_,a
appear ance. Si ni Pg?i *ﬂﬁga‘ﬂg p{ﬁthiﬁiaggr obam %e‘?‘FS_L’Ss #iﬁ‘rl quB
has the sane tbac)ngrbuhd peprtionnk2. as Iackponwodenor fabnié?2.10C, the

por i on 18 conpr i BeRROERUAR, Perriph: a2y Sutf PLEL P1ddq BOPEIBRR"dp; [pRd”

pattern and appeath@csecond xaksed wmrmomvezsubsumﬁé@érly ddenticalt
rai sed portigns lgensge9ad.r ai sed portion 18 and background portion 12 of
nonwoven fabric 10C nay have differing patterns and appearances. Figure 2
i s a photom crograph at 15X magnification and in 25 top plan view of a
portion of a nonvBaexgteundcpditPiohsci12 ofi nohabven rﬁzhmwsn imio,r | LOB Odndf

Fi gure 1A Nonvvo 0D rd.se r

12 and a raised por @6 |C%§B€Eoirﬁa§a% rlkgig% H:Ee pat Bgcgg{'ﬁuﬁl

be under st ood thaponhignalédns én tariced-1ikeipattenmmand a;metammcgabus it

seen in Figige 2.yify Sﬁd\ﬂﬂe&‘s@boﬁ trat Otﬂﬁdbta%kgiﬂﬁgﬂr)eference fa |1:)§aure

fibrous transition can be seén b

regions 22 an
2, fibrous t ransﬂ‘f-%ﬁg?'%f'oﬂaﬁﬁeﬁrﬁﬁsa\“ﬁ IPRCALANGERE al ¥Hl the: sBRcifl Brféase
side of raised postiwsniéverihfabrict oA aphfsedeportfions 16 and background

portion 12 have the same tricot-like pattern and
. appearance. Similarly, the raised portion 18 of nonwoven
15 fabric 10B has the same tricot-like appearance as
background portion 12. Finally, background portion 1‘5 P
first raised portions 16, and second raised portion 18
comprising nonwoven fabric 10C all have the same tricot-
_ like pattern and appearance. It should be understood,
20 however, that first raised portions 16, second raised
portion 18 and background portion 12 of nonwoven fabric

10C may have differing patterns and appearances.

Figure 2 is a photomicrograph at 15X magnification and in
25 top plan view of a portion of a nonwoven fabric 10D which
is similar to nonwoven fabric 10A of Figure 1A. Nonwoven
fabric 10D comprises a tricot-like background portion 12
and a raised portion 16 which also has a tricot-like
pattern. It will be understood that only a portion of
30 raised fibrous portion 16 is seen in Figure 2. Raised
portion 16 is joined to background portion 12 by fibrous
transition regions 22 and 24. As can be seen by reference
to Figure 2', fibrous transition region 22 runs in the
horizontal direction on one side of raised portion 16,

CHI-818

Thls Sheet Has Been Replaced

BT




said ‘horizontal direction being the cross-machine direction of

nonwoven fabric 10D. Fi brous transition region 24 runs in the
|.ongi tudi nal direction on another side of raised portion 16, said
| -ongi tudi nal direction 5 being the machine direction of nonwoven fabric

10D. Fibrous transition region 22 neets fibrous transition region 24 at an
angl e of about 90[err] at a corner 23 of ‘raised portion 16. The fi brous
structures of transition regions 22 and 24=afdd Substantially the sane. As

mentioned 10 earlier herein, the basis I ght, of raised portion 16 |
substantial ly thesﬁg‘i're orize i S ‘i&ﬁﬁ?%ﬂ ba?&’gﬂ%unc?%rt%ﬁsiﬂaﬂ‘gﬂ?e
2A is afsket CP ahmwﬁagtﬂmmmtemémwn1@3bmd5100.2ho;?ﬁmmram@itigﬂ
top surface o ich,i own i n . Fi e ; vy A esen
in order to assi s’feﬂpihénu\rﬁ' 51151%% g?nggggaﬁ?iug;ﬁ%%ﬁﬁe&gjnoéﬁer
nonwoven fabric Isidei ofa yeisgecporbioned bl sabdcilogwyitastinan dikection
along |ine 2 2A ghify duitke 2 ndéRifie’ | BYreeridn  of OHbRwditer ORUBYEE 05! C
| C and a fi 1

| OD has a fibrous background partion brous raised portion
each of which i s Fibreasi transition | regiph: 123 h mertis o £ ibsousytuansition

joined to backgroragid®ri4 et ba Aigel bPr abdutr 905ialt AN cordiedN 23 %Mt £ised
extends in the machihg difectign fabric 25 10D. _Fj brou ransitjon
regi on 24 conpri s%?;“af??bg *p r(ﬁ?%(?%‘é“’f?%&ﬁ#&ﬁ“?iﬁ#% rgglons
Fi ber - poor regi or2380 ashplédsaaren phbsthntiadflybuthHeess@fa. of Asbasersteipreesd s
and t hese dl es fq I | 4 f u | I

regi on 24. e f i%agir)ﬂs%grr%%?%ﬁ?:'gn%ﬁ?s#%%igowaﬁsghné’%zsf%aéd;réaéﬁlg?m ylch is
paral | el i zed and swWeatantially thesamegasnthegbasis weight «f background

configuration w t%;ﬁ{&e ppndle. A majority of the bundles 30a are tw sted
and turned upon thenselves. This is the replacenent sheet

Figure 2A is a sketch showing nonwoven fabric 10D, a
15 photomicrograph of the top surface of which is shown in
Figure 2. Figure 2A, which is presented in order to
assist in the understanding of the fibrous structure of
nonwoven fabric 10D, is a perspective view of the cross-
secti_'on taken along line 2A-2A of Figure 2. Referring to
20 Fiqure 2A, nonwoven fabric 10D has a fibrous background
portion 12 and a fibrous raised portion 16', each of which
is formed in a tricot-like pattern. Raised portion 16 is
joined to background portion 12 by a fibrous transition
region 24 which extends in the machine direction of fabric
25 10D. Fibrous transition region 24 comprises a fiber-poor
region 30 and a fiber-rich region 32. Fiber-poor region
30 comprises a plurality of bundles 30a of fiber segments
and these bundles 30a define a plurality of apertures 30b
in transition region 24. The fiber segments comprising
30 bundles 30a are highly parallelized and some of these
fiber segments are in a twisted configuration within the
bundle. A majority of the bundles 30a are twisted and
turned upon themselves. - . ' '
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- 12 Z Fiber-rich region 32 conprises a plurality of fiber segments which
extend predomnantly in the vertical direction of Figure 2 which
corresponds to the machine direction of nonwoven fabric 10D. The ends of
these fiber 5 segnents can be seen in Figure 2A where they are
identified by nuneral 26., The basis weight of fiber-poor region 30 is

| ess than the basis weight of fiber-rich regign 32 and is also | ess than

t he basis wei ght of both background portioﬁ 32 3nd raised portion 16. The

basis 10 wei of fi -rich, re n 32 is.qreater than_the basis i ght
of “bot h backgr oo BLBERTT I 1 ST ardecopBpEidrsics BIRARALENOF ) diket
fi ber-poor regi onrsé&fments orvieitkd extendnl predaminantkyy in fthe onsertical
transition regio f | h
S are 15 ori chffeptin, bEPPRRRITY SAEER) \aitkdpindd 65, ENS] dafifhe
Figure 2B is anotﬁbre%t(%qmmfsmw%ﬁméﬁ ﬂQqu cThepends pf & %EEQ £iper
perspective g/i ew & Gedn SP | %etnakqa, al n Atfdrd™ Sy 2

g Séqudiet Pifuré N2x- & G are

Referring to Fi rai sed rtlon 6 1s Loined to roun
portion %2 by agf{‘g?'gtiﬁff?%rﬁv H‘B‘}?rr’ég Bne2 ZTéﬁ '&?nstﬁt‘é?\h%h? r?ftalfé

machi ne directi onrefidmbsoc iEDDless Tthani tthe bagisn ﬂ&iglmmofsﬁb@r-rich
fiber-poor regio . | beg-r r a Io

fi ber-Boor regl O}%&ﬂ%%éﬂ& ?sb%‘f\;?lg%ér)gtﬁgﬁ gg %g#igr ggge ran?ey%ﬂ
region 24 di scusseackgtownd por¥ionrlgoand re@scad paxtionrlées Thel basisty
of bundl es y3ya ofy,dj &fgfrwéf-fmh tfegffmbuswﬂ' §8 graatek ERaf Rhid" Bakhy

of apertures 27b 1 n,Transit]on re The fi bér segpents conpri sing

30 bundl es 276?'%&'!!"%/&9 kethi \}’ 5&1:599@1’. poxrtion <12cand ralsed; peeition
segnents are in aén Bur@xesIauirial ithe. f\i/bbh'l-lpddie Yugide 30 Are opiehteaf

t he bundl es 27a are twi.sted and turn u el
Contrast to the HEARAIE GFEARESEIEEy ‘PED CORTR  Eans U] Foaidn 24,
The fiber segments comprising the fiber~rich region 32 are
15 oriented generally longitudjinally of transition region 24.

Figure 2B is another sketch showing nonwoven fabric 10D.
Figure 2B is a perspective view of the cross-section taken

along line 4-4 of Figure 2. Referring to Figure 2B,

20 raised portion 16 is joined to background portion 12 by a
' fibrous transition region 22 which extends in the cross
machine direction of fabric 10D. Transition region 22

" comprises a fiber-poor region 27 and a fiber-rich region

28 analogous, respectively, to fiber-poor region 30 and

25 fiber-rich region 32 of fibrous transition region 24
discussed - above. Fiber-poor region 27 comprises a
plurality of bundles 27a of fiber segments and these
bundles 27a define a plurality of apertures 27b in
transition region 22. The fiber segments comprising

30 bundles 27a are very highly parallelized and some of these
fiber seqments are in a twisted configuration within the
bundle. A minority of the bundles 27a are . twisted and
turned upon themselves. This is in contrast to the
structure of fiber-poor region 30 of transition region 24
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- 13 * previously discussed in which a mgjority of bundles 30a are tw sted
and turned upon thenselves. Fiber-rich region 28 conprises a plurality of
fi ber segments which extend predom nantly in the horizontal direction of
Figure 2 5 which corresponds to the cross-machine direction of
nonwoven fabric 10D. The ends of these fiber segnments can be seen in Figure
2A where they are identified by nuneral 29. The basis weight of fiber-poor
region 27 is |l ess than the basis weight of Filoer=rich region 28 and is al so

I 10 th t he basi i,ght of h back d t,l d i sed

gt on 16, The beBFEVISHEHY ORSrpBEed, 1a, Lk A oBadErgtin el HinqH,cioa
basi s vveihgh]E _ gf baté haté«g&l cbta;nﬂ gaxrnied nupbmmﬂemsiealalésporFibar-:l:ﬁichﬂwgﬂm
27 the fi ber-ggo ] € v

of af : Br ous transi ?o‘rﬁ#‘éﬁ?%ﬁ%% gl%é%e&ggg%%t gégyﬁp%s%ﬁﬁ%e&end

fiber-rich regi onpredeminantlyit da gther haxdzontnl udirection @tg afdguren 2
region 22. HgureyRiéR ScoPéspond®Iedh le NOBKEYSnAching 18iréckidh 20t
along line 2A-2A of Figure_ 2. Fi qure sho rai sed o;on 16 joined to .
background porti cROR¥P t#é?ﬁ‘r"ti red Gne? ° Tﬁgeﬁgbg LPFC?P%%O\??

i s seen adj acent bebseemwam Fipire 2 whire | thepy arebidentifiddrbyndmei@al n
fiber-rich regio 2 t 1.at o] el pgsa | f

t he fi ber segma%gz' ?lﬁ{%)%za%i%bgrgi blﬂghgrkegli%%x' bf’%&r g'égilog gr, “eiéégnt%an

phot omi crogr aph ctheibasis welght tohf ikeyunich vegiemRe cand ais ialscdess
taken alonggine gndnOtné BHEEs3Weight: of WIEBKhaback§roufd p¥reiont 19 and
fiber-rich region T transgél on_region ﬁz, whi | € nurrer al Zp?l ndi cat es t he
fiber-poor regiorkaised XLPLoR 16 hERe; ésﬁ'ﬁbé'te(i%ré}ﬁ £ihen- F&gion
region 27 are hi ghgyigagtieatierzethan the basis weight of both background
portion 12 and raised portion 16. Bundles 27a in the
fiber-poor region 27 are oriented generally transversely
15 of fibrous transition region 22. The fiber segments
comprising the fiber-rich region 28 are oriented generally

longitudinally of transition region 22.

Figure 3 is a photomicrograph of nonwoven fabric 10D taken
20 along line 2A-2A of Figure 2. Figure 3 shows raised
portion 16 joined to background portion 12 by transition
region 24. The fiber-rich region 32 is seen adjacent
fiber-poor region 30. - The large number of fiber ends 26
in fiber-rich region 32 demonstrates the high level of
2s parallelism of the fiber segments in the fiber-rich

region.

Figure 4 is a photomicrograph of fibrous transition region
22 of nonwoven fabric 10D taken along line 4-4 of Figure
30 2. Numeral 28 indicates the fiber-rich region of
transition region 22, while numeral 27 indicates the
fiber-poor region. It can be seen that the fiber segments
in - fiber-poor region 27 are highly parallelized. In
general, there is less parallelism of fibers in fiber-rich
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general, there is less parallelismof fibers in fiber-rich This is the

repl acenment sheet - 14 - region 28 than there is in the correspondi ng
region 32 shown in Figure 3. Figure 5 is an artistic representation of a
cross- 5 sectional view showing raised portion 16 joined to

background portion 12 by transition region 24. Transition region 24
conprises a fiber-poor region 30 and a fiber-_rich region 32. As nenti.oned
earlier, fiber-rich region 32 has a higher ba%fs wei ght than fi ber-poor

region 30 10 The baS|s ht rai ed ion 16 lyin ween, fiber-
rich regions 32 i Kegig @%V& uﬁgf'ﬁ orq‘ﬁra'Fﬁ)g gggﬁﬁtﬁﬁﬂ'gﬂ ?2
equal to the baS|shnungﬂh Fﬁghaekgnound portlon 12. 15 Figure 6 is a
phot om crograph enl argenent in plan view of a nonwoven fabric simlar to

nonwoven fabric 10B of Figure 1B. The background portion 12, on either
side of the rai seBigurei ofi 1¥8han s axtiskic xepresentationpaf can. crass-

th'fs enbog' ngnt, stetibhhqot viewe aab&sha I&aa.kssa ZQortWrﬁsq%ttsaihga tea
surrace o rai sed porti on S rN's ra reron

in bundl es that aP®ckgr Bﬂﬁtiﬂpn&ie‘% %E%#’Jcﬂ'ﬂ %ffb“aqae 'rransgti‘
substantial |y pargegtbont @4cainprisws ia fhbekepgorud-newcrdlsecanwm ofibee~

raised portion. 2aseh badiegl 9q canld %J{g{&l@a 19871 S ¥BLPOE1Gh £85E6H

portion 18 is gre asi s wel grouhd por

The density of 32ahgaja;hﬁqhqnnbasis|yeéabst&mgnﬂtsbexnn@oncreqtpn 30.
density of pgckgreypdpReLE 9@;&&; of Jx?aié’éa R 1@ ﬁéiﬂgs baeaasﬁt fﬂbéf-

background portion, 12 by r ou nS|t|on egl o [ ower
g P rich reg?ons in Figure 5 is substang@ ?y uniform and

is substantially equal to the basis weight of background
portion 12.

15 + Pigure 6 is a photomicrograph enlargement in plan view of
a nonwoven fabric similar to nonwoven fabric 10B of Figure
1B. -The background portion 12, on either side of the
raised portion 18 has a tricot-like micro-sized pattern.
In this embodiment, the tricot-like pattern is also

20 present on the top surface of raised portion 18. The

" fibers comprising raised portion 18 are in bundles that
are twisted and turned upon each other and are
substantially parallel to each other in the longitudinal
direction of the raised portion. |

25 ' ' .

‘As indicated earlier herein, the basis weight of raised

portion 18 is greater than the basis weight of background

portion 12. The density of raised portion .18 is
sﬁbstantially equal to the density of background portion

30 12. Raised portion 18 is connected to background portion
12 by a fibrous transition region 34 which has a lower
basis weight than the basis weight of background portion

- - 12.
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basi s ‘wei ght than the basis wei ght of background portion 12.. - 15 -
Figure 7 is a photom crograph of the nonwoven fabric of Figure 6 taken
along lline 7-7 of Figure 6. The large nunber of fiber ends 36 seen in
raised portion 18 denonstrates that the fiber segnents in the raised
portion 5- 18 extend in the longitudinal direction of the raised portion.
Figure 8 1is an artistic representation of _a cross- sectional vVview
showi ng raised portion 18 joined to 107 15background portion 12 by
transition regio ee that t ttom surface 18a .of

o sed portion 1#5airas T 4% . PoRSRlckadnanty ohc thE, HERMENAR Eabie ot
background porti digiftre 6Thakepperlrlmg kiméade-718bf ofF igmixreeds por tThen l@rge

extends above the jipaes 8Erf?§.§e}2beﬂés153ge g&ghgrgﬂndﬂ%%o"?&@ti h 9 &

9 is.a block diagr amshovmng vari ous s e pro

ucl n
the novel fabricdeyonstratessthat thenfibar smem‘-psﬁnst:bs ral ?ﬁg g
s to positgon 248 extetRP An fENE Longituaday aahreeltiaupmttﬁmtﬁris(@x

1). The flbrous Web i,s presoaked or wetted out with water while on this
support menber (BSFYIPMeq ensure that as it is being treated it will remain
on the support rrenber The support nenber with the fibrous web thereon is

passed 25 und er es f | f m ui
water, is eject egxit??ﬁ gpr%ésuérlg‘?gn%{‘g Pﬁpﬁgggﬁﬁgg{‘he tp £elr su%gace
of the fibrous wslsctqioaal tNé—le"suShQUénaf riadsesh \poxtion AR dfoined ado

with the tpeogra%a@&oauaps&t&sﬂb% bPOokransithenPregeoncdsf! Ute W1 pel S
water. The water Is transported away fromthe supgort sn‘gepmpreferabl y

usi ng a vacuum ( B§emthatrihe hg surface 18a of ra ion 18 is
essentially co-planar with the bottom su:::face 12a of

background portion 12. The uppermost surface 18b of
raised portion 18 extends above the upper surface 12b of
d 15 background portion 12.

N

Figure 9 is a block diagram showing the various steps in
the process of producing the novel fabrics of the present
invention. The first step in this process is to position
20 a web of fibei’s on a topographical support member (Box 1).
The fibrous web is presoaked or wetted out with water
while on this support member (Box 2) to ensure that as it
is being treated it will remain on the support member.
The support member with the fibrous web thereon is passed
25 under a series of orifices from each of which a fluid,
such as water, is ejected under high pressure and directed
toward the -upper'surface of the fibrous web, i.e., that
surface of the web which is out of contact with the
topographical support member (Box 3). The preferred fluid
. 30 is water. The water is transported away from the support
member, preferably using a vacuum (Box 4). The fibrous

web is de-watered (Box 5). The de-watered formed fabric
is removed from the support member (Box 6). The formed
fabric is passed over a series of drying drums to dry the
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web i s de-watered (Box 5). The de-watered forned fabric is renoved from
t he support nenber (Box 6).. The fornmed fabric is passed over a series of

drying druns to dry the - 16 - fabric (Box 7). The fabric may then be
finished or otherw se processed. as desired (Box 8). Figure 10 is a
schematic representation of one type of 5 apparatus for carrying out the
process and producing the fabrics of the present invention. 1In this

appar atus, a foram nous conveyor belt 70 novd# conti nuously about two
spaced apart rotatable rolls 71 and 72. The, belt is driven so that it can

be reciprocated drabihRd (BeXeiTher 1Bhe fahbriguMaYe Shencdedt Sinishedi ser

di rection. A Waiterst itfd | pitbcassdd| £b 7d’e$£r6&a$86xabpve t he upper reach
73 of belt 70. This manifold has a plurality of very fine diameter holes
or orifices. The dianeter of the orifices is about 0.007 inch and there are

about 30 such holRiguyre 16 is la nechenatic reMteaeritatshq)plbﬁdone typel £
74 under prgssurg dt%sel e@aﬂ-ﬂﬂ? h§g€r 'ti:bc %gn%sts‘;"at (}Sllr thcing the

substantial 'y col r,. non-diver

support nenber 7§qb3ripasade€i thetpseépnm nwtemn-a wep tb amm@q% a
pl aced on top of ddiamithous LEHHEEYORi K&l t SPPPALYeBE Htinudusy idldut two

fold 77 I t b t ld. 74, b t d
feach 73 of bel | SRECed TRPSTL, SARAFARIA { 5RILH, bl | AentAr ng TR halEl is
ej ected from nanidrdiven’ 4o cthet t it pcaw cbe Feciprogatiedf iohr awovedein/@ither
Vater deliygred t0 %ﬁockwtﬂé? ‘ 9' febﬁ?@.{eﬁél%ﬁ%‘i&?r "heEdces ES‘”e A Swater

ejected fromthe orifices o ormor su stant al l'y
col umar st r eans egeqtdng map fﬂiﬁn@és i§npﬁﬁ§edpébﬂvsuth§c'épn¢rf#@ﬁ%s?:w@tf

76. The distancediwomghe | pHPs HAiFAd 4Rasf mﬁlfl%ﬂiéﬁ t&:tbsryp&%e
surface of web 76 to bhe

diameter holes or orifices. The diameter of the orifices

is about 0.007 inch and there are about 30 such holes per

15 - lineal inch. Water is supplied to manifold 74 under

pressure and is ejected from the orifices in the form of

substantially columnar, non-diverging jets or streams. A

topographical support member 75 is placed on top of belt

‘70 and a web 76 of fibers is placed on top of the

20 topographical support member. A suction manifold 77 is

placed directly beneath water manifold 74, but under upper

reach 73 of belt 70. This suction manifold aids in

removing the water ejected from manifold 74 so as to

prevent flooding of fibrous web 76. Water delivered to

25 the manifold at a predetermined pressure is ejected from

the orifices of the manifold in the form of substantially

columnar streams or jets and impinges on the upper surface

of fibrous web 76. The distance from the lower surface

74a of manifold 74 to the upper surface of web 76 to be

30 processed is sufficiently small so as to insure that the

water jets which issue from the orifices of manifold 74
contact the upper surface of fibrous web 76 in the .

aforementioned substantially columnar, non-diverging form.

This distance may vary but typically is about 0.75 inch.
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30 _processed is sufficiently small so as to insure that the water jets
whi ch issue fromthe orifices of manifold 74 contact the upper surface of
fibrous web 76 in the aforenentioned substantially columar, non-diverging
form This distance . may vary but typically is about 0.75 inch. This is the
repl acenent sheet - 17 - The water jets pass through the fibrous web,
then through drain holes provided in the topographical support nenber.
Spent processing water is renoved through tha&%&utti on manifol d. As may be

appreci ated, the topogr aphi.cal 5 suggort rrenbeg with the fibrous web
t hereon may be pa¥B@JWAREEr Jeke PassrEhbough the fibrougoweh, ghen,threwgh

produce f ?br i ]g:s i arﬁ?@ohd&éléepmeMé@eiﬁ; gﬁe ntopagfaphmaaéﬁsapp;er& IméEeE] S
an apparatus for nt L.nyqQus odu nonwoven, fabrics . in
accordance with t geﬂke °¥%Mi§h£g¥he"%p5§?ﬁ% o’r'lt'ﬁ’?jﬁﬁe'#‘f | fuFtien
a conveyor belt Ssankfohkdact usisymagr vbe asppieciated,aptheal topapguoaphical
menber in acgorda L4 N r teh gV ' e S |

noved in a cgunt erggﬁgéﬁ/:\n lsn% F?e@?ﬁgnt%%og?ﬁﬁgas waﬂpgﬁgkg?ﬁs%gggsdé- %ar% d
rollers as is wel hngasukhe manifeld a nymbersof 5ipes Bs desired tofproduce

ej ecting manifol degBreeanefit a88cPdahdé Vit the présent’ ifvenHLsoRl Of
orifices. Each group has one or nore rows of very fine dianeter orifices,

each about 0.007 inch in diameter with 20 30 such orifices per inch.
Vater is suppliedFiguréellrdepictd an appirabss fokercenpimumislyiprediucing
pressure angdgls epgaLEGeh" d}f@s 9 hecotdahdeGi LRl @hgfpi‘g%é’né'ir}x?rention.
substantially columar, non-diverging streans or jets of" water. he

mani fol d i s equi pFe APPRIrptuss 33 dwcludes) aofienveyor| bedtsBo

for regulating thgnitHi ScPEEEEY Serves s thd'tsPodh &pivi ¢1 HiPpcits member
D sposed beneath fgcgccordance with the present invention. The belt is
continuously moved 'in a counterclockwise direction about
15 a pair of spaced~apart rollers as is well known in the
art. Disposed above belt 80 is a fluid ejecting manifold
79 connecting a plurality of 1lines or groups 81 of
orifices. Each group has one or more rows of very fine
diameter orifices, each about 0.007 inch in diameter with
20 30 such orifices per inch. Water is supplied to the
groups 81 of orifices under a predetermined pressure and
is ejected from the orifices in the form of very fine,
substantially columnar, non-diverging streams or jets of
water. The manifold is equipped with pressure gauges 88
25 and control valves 87 for requlating the fluid pressure in
each line or group of orifices. Disposed beneath each
orifice line or group is a suction box 82 for removing
excess water, and to keep the area from undue flooding.
The fiber web 83 to be formed into the fabric of the
30 present invention is fed to the topographical support
member conveyor belt. Water is sprayed through an
appropriate nozzle 84 onto the fibrous web to pre-wet the
incoming web 83 and aid in controlling the fibers as they
pass under the fluiad ejecting manifolds. A suction slot
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orifice line or group is a suction box 82 for renoving excess water, and to
keep‘the area from undue fl ooding. The fiber web 83 to be fornmed into the
fabric of the 30 present invention is fed to the topographical support
menber conveyor belt. Water is sprayed through an appropriate nozzle 84
onto the fibrous web to pre-wet the incomng web 83 and aid in controlling
the fibers as they pass under the fluid ejecting manifolds. A suction slot
This is the replacenent sheet 85 is pl aced®éheath this water nozzle to

t Fi b d the f t fold
n'a count or cl ochli 48 AAEES BEnedily GFLecHALek Aarals aﬁéféwbé  oPEERAR1
of orifices is opwatered carritha'dits webt passesndendéy ftham flaid cejecting
whi ch any of the 8&5?&?&0!35 8Lothtak Tc'l‘b%‘icdi%eo% n. Opergke%ss\fre

however, the group frces nearest 93)5/ noz z
rel atively | ow prassehichany mrpgroumussl PstigipnsSést epegated can be

I ncomi ng webg ont Osahemae{oaﬁaeﬁmy foom ithife Sgﬂﬁgﬁre NBEDGhich aiy dfacneD

passes in the countercl ockw se dire tlogtf essures, at

whi ch the groups BYh8F SHAUR&: 8L, LhHpOrifdFes; 1i,1§ueﬂl? qrr{a‘ease'BYPi?ﬂu&
not necessary thahoeavbrﬁumeeg&@gspwf%rbﬁasfmm@e speapi nozzle B4

pressure higher t o I rec For

exanpl e, two or nggeo % %gﬁt a&r (;%up e \Pe%f %I ceé‘}ég%%ﬁﬁgbe%dyéraq pﬁi'
t he sanme pressur e'rh&stasssm:;rin mettding thedocrpingowgboante 'ghefsu;eﬁaqa
t he counterﬁ ock;/\% hé e £ Oylehbes .orer alsedefb awgbffﬁggggsprﬁs%

Very typica res ures, at_the end of the conveyor

tin
belt where the wegopat ?Eﬁm&% aiigﬂﬁf' PRardin Fdgmelhe | ﬁBepPé'&"’lﬁ"é?sz&
the web is initiahhichedhengeoups ®ANGE 0brDeites TaLEUbperatedoUss Wshally

orifices are Shomfn'crr']eglsgél.r € I]tl’is not necessary that each succeeding group
81 of orifices be operated at a pressure higher than its

15 neighbor in the clockwise direction. For example, two or
more adjacent groups 81 of orifices could be operated at

the same pressure, after which the next succeeding group

81 of orifices (in the counterclockwise direction) could

be operated at a different pressure. Very typically, the

20 operating préssures at the end of the conveyor belt where
the web is removed are higher than the operating pressures

where the web is initially fed into the conveyor belt.
Though six groups 81 of orifices are shown in Figure 11,

this number is not critical, but will depend on the weight

25 of the web, the speed, the pressures used, the number of
rows of holes in each group, etc. After passing between

the fluid ejecting manifold and the suction manifolds, the

now formed nonwoven fabric is passed over an additional
suction slot 86 to remove excess water. The distance from

30 the lower surfaces of the groups 81 of orifices to the
upper surface of fibrous web 83 t)'rpically ranges fronm
about 0.5 inch to about 2.0 inches; a range of about 0.75

inch to about 1.0 inch is preferred. . It will be apparent

that the web cannot be spaced so closely to the manifold
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this hunber is not critical, but will depend on the wei ght 25 of the
web, 't he speed, the pressures used, the nunber of rows of holes in each
group, etc. After passing between the fluid ejecting manifold and the
suction manifolds, the now fornmed nonwoven fabric is passed over an
additional suction slot 86 to renove excess water. The distance from 30
the I ower surfaces of the groups 81 of orifices to the upper surface of
fibrous web 83 typically ranges from about 0.3 ifch to about 2. 0 i nches; a

range of about 0.75 t o.abou ch is qeaferred. e

appar ent t hat thé:;Wé'bq‘E'fn &bﬁgr‘éﬁfﬁgd H%’é‘g‘@‘f’o ?ﬂetnﬁnf’% Ranc_l, #
that the web conttlpd sdiseaneai betweefinthee bower burdaces wife tr.hstontﬁices
bet ween the | ower t | @S e b
e Too great, tnetH S fbflr SErfie S8° MY wellf UPRE HEQHES Cho PN
less 5 ef fi ci @treamspreidlr dosgppenerdy fand pFBeudnaressr widl| A’e less
accordance W th tdyeguigsfit invention is schematically depicted in Figure
12. In this apparatus, the topographical support 10 - nenber is a

rotatable drum 90. The drumrotates in a counterclockw se direction. Drum
90 may be a cont ianlpttefenﬂémwp'paaiatﬁwrﬁar prgdbei ngdtalyfics pdnratedndarice

curved plates 91, Qisasedpngsghe! 4nvaLRdlE PY! SEnalatics10] WapaUedd 1 "

ei t her case, the Sur ace 0 aces

of the curved pl mwm lca)-rrprmethiaeaamrmsuom atmnmamw tsupport
rani £ o1 d- 88 8onn EprRas s 1Al Hothtitile Pyl 91, P oIhng) doup rbbeLes “&’EL 2"
or other fluid t&%ﬁ@%&ﬁi&ckféﬁ%é’%ﬂ%ﬁ?&"ﬂﬂ DrBﬂptgﬁemGUt Qedgps%ﬁ _
the curved pl at egylih@rical fdmm sér imayabec mapei o€ enphuraﬁﬁt?163Mbuﬁbed
very fine d'anEt%lates 91, disposed so as to form the outer surface of the
: drum. In either case, the outer surface of the drum 90 or
15 . the outer surfaces of the curved plates 91 comprises the
desired topographical support configuration. Disposed
about ‘a portion of the periphery of the drum is a manifold
89 connecting a plurality of orifice strips 92 for
applying water or other fluid to a fibrous web 93 placed
20 on the outside surface of the curved plates. Each orifice
strip may comprise one or more rows of very fine diameter
holes or apertures of the type mentioned earlier herein.
Typically, the apertures are approximately 5/1000 of an
inch to 10/1000 of an inch in diameter. There may be as
25 many as SO or 60 holes per inch or more if desired. Water
or other fluid is directed through the rows of orifices.
In general, and as explained above, the pressure in each
orifice group is typically increased from the first group
under which the fibrous web passes to the last group. The
30 pressure is controlled by appropriate control valves 97
and is monitored by pressure gauges 98. The drum is
connected to a sump 94 on which a vacuum may be pulled to
aid in removing water and to keep the area from flooding.
In operation, the fibrous web 93 is placed on the upﬁer
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hol es*or apertures of the type nentioned earlier herein. Typically, the
apertures are approxi mately 5/1000 of an inch to 10/1000 of an inch in
dianeter. There may be as 25 many as 50 or 60 holes per inch or nore if
desired. Water or other fluid is directed through the rows of orifices. In
general, and as expl ai ned above, the pressure in each orifice group is
typically increased fromthe first group under which the fibrous web passes
to the last group. The 30 pressure is con®ofled by appropriate control

val ves 97 and is nonitored_by pressure gauges, 98. The drum i s_cagnnected
to a sunp 94 on #wrfpce ety Hﬁnﬁpw&h&?’t oSYPRALt ReBheRbREcEe the

to kﬁep the ar eawfartsgmfbgefd'tnﬁq }““‘Wh i en, ?]@e élééuous: Wehg 93 ﬂnbp:camﬁﬂ
on t he upper - - surface o e_topogr i,cal suppert er before
the water ejectifd § %P @aﬂie%e‘éﬂa?ﬁngFg.R e o ﬁgg??bggggpﬁeﬂngaéﬁs
under neat h t he ofickimed sintps andohwovennefabnic dmoaccondangier iwithh the

accordance gith Osn'_brbts i@{&ﬁ&%d.nVQ‘ﬂEi Qﬁggeﬁ;?aﬁﬁrﬁdié it &Ja%éé@ RJver

passed over a seCti e appar at us ere there are nd oriftice
strips, but vacu®dm Bectdani Afkdofo the appraratus,c9p where  theng:age no

de-watered is regpM@ddd ost¥ips Arbat andcRags el acomtdnueEr tesbel adpl ieans
96 to dry the 10 f%g’ric. tﬂ orﬁe£ to c_rea,."g_e t$e.rai sed gg(r)#ionsqln t he
nonwoven fabri cs T0¥e ERPrIC.aEheT; Being dgvatexed 18 repayed from the drym
ent angl ed web i samidacpassed aaronadi mousesiegoraf 18ry cambed6cdiprdsy nghe
top surfacgohavi B3 )pogr aphi cal pattern and a second surface displaced

fromthe tOp surface of the support nenber. The top surface creates the .
background portion and the second surface creates the raised portion of the

fabric. In order to create the raised portions in the nonwoven

fabrics of the present invention a layer of fibers or a
lightly entangled web is placed on a foraminous support

15 member comprising a top surface having a topographical
pattern and a second surface displaced from the top
surface of the support member. The top surface creates
the background portion and the second surface creates the
raised portion of the fabric.

20
The top surface has a structure which minimizes lateral
movement of the fibers of the starting fibrous web that
would undesirably create areas of high and low fiber
concentration. If there is excessive lateral movement of

25 the fibers during processing, the resulting nonwoven
fabric may have thin spots or regions devoid of fibers.

An example of a topographical support member for making a

pattern in the background portion of a nonwoven fabric is
30 shown in Figure 13. The support member 102 comprises a

body 100 having a top surface 103 and bottom surface 104.

Disposed in a predetermined pattern across top surface 103

is an -array of peaks 105 separated by valleys 106. A

plurality of drainage apertures 107 extends through the
CHI-818 B
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20 Thé top surface has a structure which mnimnmzes |ateral novenent of the
fibers of the starting fibrous web that woul d undesirably create areas of
high and | ow fiber concentration. |If there is excessive |ateral novenent
of 25 the fibers during processing, the resulting nonwoven fabric may
have thin spots or regions devoid of fibers. An exanple of a topographical
support nenber for making a pattern in the background portion of a nonwoven
fabric is 30 shown in Figure 13. The sUpfokt™ menber 102 conprises a
body 100 having a t surface 103 and bottom surface 4. Digpgsed in

pr edet er ni ned pat?ﬁgakﬁﬁ?%sggtSﬂesﬁP?Bﬁﬁtlﬂgmﬁgraﬂr9a58§?°5ﬁ 3&k§ Egggern
SEpar aaedhby val | £5s the6.mentber unoi2i.t y Dh dtrisageboddmientss d4ch ediradrage
t hrough t he - - | C S§ 40 0 S ed_Lp.a
pattern in the ma%%?tl&gé.‘}wi %st Iuéggﬁééglaﬁé’#[ THaeac sgégi %ggggp ?%8?61957
i's surrounded by and|sixcvadbleysxlPbaks 105 and six valleys 106. 5 The

drai nage apegtures 107 are tapered, or "bell nouthed", having a |arger
dianeter at the top surface 103 of the 'su1oort nenber than the_bottom

surface 104. The Fhg drainage aparpiresdd7gse fapensd.cox: roeldineuthedVe
to the 10 t hi dkaesng 1a2 19frgdre divmstér ne@gbahel OLop Osprgduec 10% of the

i ntended result. _For example.  if. t ngleJs t r eat,,  the erture wJl
be too small and ?Wﬁ&%%ﬁfﬁqiﬁgﬁg %P%"r@bé’% ceotemﬁr‘ovFggd‘.mgiffﬂ#e
angle i s too snalformédrbywitiie feaper ymusty de rcoptuiRiledd rediatdye ito tthe
15 SUPPY§ MEntef ckrlés C§12C 1 %ﬁ@”éﬁgPSE%C'u{%b& sza%fﬁﬁdu e the
apertures in the repeating pattern i1s of m | ar mBortance. The peaks
intended result. For example, if the angle is too great,
the aperture will be too small and therefore insufficient
drainage will be provided. If the angle is too small,
there will be very few or no peaks and valleys in the

15 support member.

The center-to-center spacing, S, of adjacent apertures in
the repeating pattern is of similar importance. The peaks
105 and valleys 106 are created by the intersection of the

20 tapered, somewhat conical apertures 7. 1I1f the center-to-
center spacing, S, of the apertures were greater than the
major ‘diameter of aperture 7 at the top surface 3, no
intersection would result, and the member would be a
smooth, flat top surface with conical apertures disposed

25 throughout. When the center-to-center spacing of adjacent
apertures is less than the aperture diameters measured
alonq that éente:_‘-to-center line, the conical surfaces
intersect forming a valley. The support member of Figure
13 will produce a tricot-like pattern in the background

30 portion of the nonwoven fabric of the invention. However,
any pattern may be employed to form the design of the
background portion of the nonwoven fabric.
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105 and val leys 106 are created by the intersection of the 20 t aper ed,
somewhat conical apertures 7. |f the center-to- center spacing, S, of the
apertures were greater than the major dianmeter of aperture 7 at the top
surface 3, no intersection would result, and the nenber woul d be a snooth,
flat top surface with conical. apertures di sposed 25 t hroughout. When
the center-to-center spacing of adjacent apertures is |less than the
aperture dianeters neasured al ong that center2o=center line, the conical
surfaces intersect formng a valley. The support nenber of Figure 13 wll
produce a tricot-|The geaceondn surfage L kfheuforaminousorsupport mewpber is

nonvoven fabri ¢ Ofodie {dUdTé U pldRsIMty G :dUdRid) dhbt RALOIRLNES te

formthe design of t back rg ortlon aof the nonwoven fabric. This,is
raised pogt

the repl acement sHek Bc e sfipade F@PRAR 1 ofF; “ﬁ'&usl%pb%r fa
nmenber is conpri Safkdés-asei&wcmal Withe IofC a5 Sfppdrt miinbert e taving al taﬁ

. : : e . . . ; |
Cpport membdt 1289EAAGR) 187 ognd' 8" rBoeiRed Sadlo 1 2F cepBbRising) shoode
conpri sing secondsnnﬂ&mm 124. Apertures 127 arxe apppooximatelynnormmalt o
the support menberg)y ﬁgrmsténg; A B’h?“éﬂ?eﬁd)&ui‘ig g‘i%ml%et ‘Eobhﬁupﬁégm

surface 104. The apertu of a uate size to"renp

the excess fluid &3 kp tohe b‘é‘iﬁ%gﬁ‘%’?ﬁa%dlﬂfeveﬁ’c‘e aRertures PPSGdPﬁg"f
of the support nenRiquatd aizeldninguebeenybi fgnové thie lexvosipFandad dupinge

oK e ol L5 395 PP Sk eH 8 s EloHhL H4E g2 iSosee
nonwoven fabri c. Iimmbatarqnmiaddﬁd\uﬁm fentangddmg. nenber 102 shown in
Figure 13 has a repeating pattern conprising
It will be apparent to one skilled in the art that
recessed region 121 must be of sufficient size so as to
‘ 15 provide a clearly defined raised portion in the finished
nonwoven fabric. For example, the specific support member
102 shown in Figure 13 has a repeating pattern comprising
a single aperture 107 surrounded by six peaks 105.
Apertures 107 in member 102 have a center line-to-center
20 line spacing of S. The narrowest dimension of recessed
region 121 must be greater than the center line-to-center
line spacing, S. If the narrowest dimension of recessed
region 121 is less than center line-to-center line spacing
S, the raised region will not be well defined or may not
25 exist at all in the final nonwoven fabric. In a specific
enmbodiment of support member 122, which has been used to
make nonwoven fabrics of the present invention, the width
of the recessed region 121 is about 11 times the center
line-to-center line spacing, 8, of apertures 107. The
30 recessed surfaces should be deep enough to be clearly
discernable as a different 1level, may have multiple
levels, and may be curved as well as planar. The recessed
second surface 121 of member 122 may have the same pattern
as top surface 123, or a different pattern.

CHI-818
Sheet Has Been Re laced

T



a single aperture 107 surrounded by six peaks 105. Apertures 107 in nmenber
102 have a center line-to-center 20 | ine spacing of S. The narrowest

di mensi on of recessed region 121 nust be greater than the center
line-to-center line spacing, S. If the narrowest dinension of recessed
region 121 is less than center line-to-center |ine spacing S, the raised
region will not be well defined or may not 25 exist at all in the final
nonwoven fabric. In a specific enbodlnent ‘of %upport menber 122, which has

been used 1o MmkerRaNNEnoLARLLRS o8 chU® SUGSAEE, WAL oy bOGy{AGhIygEn
spaci-ng, S, of apenffieienty. texmreoto centrodd the i moyenentulaf bibers,
enough to be cl eagkéxrgmq{fab{,ﬁfﬂgdadytfnf ehthsl eyg{.' J‘ﬁ.}gﬁd Skg?gkgng

| evel s, and may b as we anar The recesse ace
121 of nenber 1220RR}14&Ye %%e"%t?%r ia»grtso&%uﬁmeegazehewehves in

d}fzﬁrent .paS'EernthIhlﬁed:Gsébe andl anmmth focshe&hder tt-.ﬁ’B itnftl&ehtaa Sd:{l;]ﬂee

(0] € suppor me el [ OVI WM SUrfil cl en exture o, contr e

o vement oPOL o ERial St Wik ian) aross Sted Y b akPiiS thiPretn ot

mobility for the holesf, fnbereddbthomahgszeml Vs irequired.he rUseslly,

and interlock undgpe {a@%ﬂ nf kYRAEC e Jx*be fPJt dregtea  Yhi eds ag%@%haté‘éy

aggreSS|ve pattern (6] no a |t|ona exture IS require
Usual | y, however , Provide bsfcﬁpe eentrehaf ﬁ#quﬂpW#%émolppede%isual

better contgel ofiﬁtae@s@mnh gidal npabriw,.sual 10 interest to the
final fabric. Atransition region is evident between the two levels. A

thinning of the fiber concentration at the edge of the background occurs,
with a correspondingransi¢ioa regiohcis evident between the two levels. A

thinning of the fiber concentration at the edge of the
background occurs, with a corresponding increase in fiber

15 concentration near the edge of the raised portion. With
a sample fabric averaging 2.19 oz./sq. yd., strips of
fabric 7/64" wide by 1/2" long were cut with the long
dimension parallel to the transition line, centered in the
areas of highest and lowest fiber concentration. The

20 weight ratio of heavy strips to 1light strips for four
different patterns averaged 1.53:1. The result is that a
wide feature has a background portion basis weight about
equal to the raised portion basis weight, but with this
rather pooriy defined transition having light and heavy

25 areas. To remedy this for larger features, the preferred
embodiment will have three or more distinct, essentially
parallel surfaces, each at a different layer in the
thickness of the backing member.

30 Figure 14B shows a cross section of a topographical
support member 128 with top surface 123, recessed region
121, recessed surface 124, a second recessed region 125,
and bottom surface 126. Apertures 127 extend through the
entire thickness of the support member.
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15 " concentration near the edge of the raised portion. Wth a sanple
fabrirc averaging 2.19 oz./sq. yd., strips of fabric 7/64" wde by 1/2" |ong
were cut with the long dinension parallel to the transition line, centered
in the areas of highest and | owest fiber concentration. The 20 wei ght
ratio of heavy strips to light strips for four different patterns averaged
1.53:1. The result is that a wide feature has a background portion basis
wei ght about equal to the raised portion bas 4 wei ght, but with this rather

oorly defined transition havi.ng, |light and, hea 25 ar eas. o_rene
Phis Tor | arger Aedsren RaFLe ofie i Sinesnr poRERE 1aPesoBirites
di stinct, essential backgraund portioas, 18achaatraisedf partiomyas i andheaa
thi ckness of the JQacld , QAT B Chi f
a topographi cal supporj{&réeyﬁb@eaﬁjﬂg%va t"ﬁ op B?tﬂ%lécgi?%ép?g?eg%éé%?ewg{lh@
121, recessed sur¥ afdbersrighsckegionecd2ssed The)i Sibersrighy regiem g’@r fefce

126, Aper g €5 R3ariesh Ui 2412 168 hgza&w a8 i8f cbRRestBAOES the
nmember. This is the repl acenent ,she - - A_nopwoven fahric
usi ng support nerﬂ?é?ipi%ﬂ(ﬂgﬁaé&eipﬁgm §d p f‘teﬁs ¢ 1oggmgagggt§xere

portion 16 and a itg andistinctgand 2isuvaidpy appgrent heuntary risetweersthend

a fiber-rich regi 2. h | - lainCh gi 32,0 r LEd
region 24 lies a(ﬁ(iari’cegtpoaor% %SJ cigﬁlegpedabg tﬁfelepe?lgéﬁéfgug? ?ﬁlég{éégﬁorltzl'on
16. In this enbdiewever, the boundary betweenathey fikerryigppreghonhd angd v

bet ween thqef i bermpHer {hPy 38 The ¥ sdPohareisn B6rliisoness dieMRE
t he boundary between the fiper-rich region 32 a 1 th erj phery of

the raised porti @pddess I‘é&“ﬂihi ﬂEPgﬁﬁB"—r es Fsa'éltltfra%’éﬁ%y ‘?I{"rﬂ be

| atter boundary @rad@edmore distinct and more visually apparent by using the

topographical support member shown in Figure 14B to make

the nonwoven fabric. As seen in Fiqure 14B, topographical

b 8] support member 128 comprises a top surface 123, a recessed

surface 124, a pair of second recessed regions 125, a

bottom surface 126 and a plurality of apertures 127

extending through its thickness. A nonwoven fabric made

with topographical support member 128 is shown in cross-

20 section in Figure 15 of the drawings. There it will be

seen that the nonwoven fabric comprises a background

portion 12, a raised portion 16 and a fibrous transition

region 24 which joins the background portion and the

. raised portion. Transition region 24 comprises a fiber-

25 poor region 30 and a fiber-rich region 32 analogous to

those seen in Figure 5. Whereas in the nonwoven fabric of

Figure 5, the upper surface of fiber-rich region 32 is

substantially coplanar with the upper surface of raised

 portion 16, the upper surface of the analogous fiber-rich

30 region 32 of the nonwoven fabric shown in Figure 15 is in

a plane which is above the plane of the upper surface of

raised portion 16. This is a result of the provision in

support member 128 of the pair of second recessed regions

125. In the nonwoven fabric of Figure 15, the boundary
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made hore distinct and nore visually apparent by using the topographical
support nmenber shown in Figure 14B to make the nonwoven fabric. As seen in
Fi gure-14B, topographical 15 support nenber 128 conprises a top surface
123, a recessed surface 124, a pair of second recessed regions 125, a
bottom surface 126 and a plurality of apertures 127 -extending through its
t hi ckness. A nonmnven fabric made with topogrgghlcal support nenber 128 is
shown in cross- section in Figure 15 of“Phe drawings. There it will

ai sed porti otnhi6gﬁﬁ 4R e B WA E0n 'ad Tk SRRl 8ok, Rogtpp, 24 ana
background port | othanttaidised paxtiigroré ois marendistinctegindn mdtec Miguaddy
afiber- 25  POgpph#dht"tRan2id enéléééere,gtﬂ@g*&g,&?uerrgrﬂw%%é F1heee

seen in Figure 5. ereas Ln nonwoven rc u
surface of fiber-PircrAf@itianal recessed Fregirng ’c'b;ﬁ%aﬁ“ﬂﬁ?’ﬁ‘ t“?ﬁ!“hﬂ?p&'lin
surface of rgi sedppevigen kaditkongerratsédceportionsanaiwgotbef i lFabricih

whi ch 1< above.t niesPERaSFaERRsER Eht eRRaN e, beOpEByiAsls i ehe”sipore,
a result of the pmembergnasndesiped; tmmz;zaueef\ufthelteqomneaﬁomﬁamufnsed
recessed regions é@?tioh g ERQV‘KZHB%@J | gapti&l gurf‘tlgl}]:g.g?)t ﬁéﬂéng

- 25 - between fi r-r|c regi on 3 transition region al se
portion 16 i s northatst ikt ageerAanceyivwiidh | fhep inggn ofn '@*P% prssept

the nonwovemof abriﬁveﬁtfbawe Buppiit! mEiler ast I8l gsleavmédl mﬁba éHﬁpBét
nmenmber wil | ggg I tional 58 Sd ?ét on i’
Mul tiple recessed f Beg Yegoa pedifdgd yers °§uB§oF emgﬁggpvegsfabrlc
desired, to createffPigture msrwhepemdlhger eentﬂaporéq:boa off rahdsednportion
fabric. It wil |1Eec§QQ-§ e¥''a further raised pertion projecting upwardly
from the upper surface thereof.
15 '

[

'Referring again to Figure 1B, there is shown an embodiment
of a nonwoven fabric having a raised portion 18 in the
form of a rectangle. As already mentioned, the basis
weight of raised portion 18 is greater than that of
20 background portion 12. The nonwoven fabric of Figure 1B
can be made on a modification of support member 128 shown
in PFigure 14B. Such modified support member would
comprise recessed region 125 arranged in the form of the
desired rectangle but would not, however, include recessed
25 region 121 or its recessed surface 1é4.

Topographical support members for use in makihg nonwoven
fabrics of the present invention may be produced by
processing a precursor support member workpiece having any
30 desired topographical configuration on the apparatus shown

in Figure 16.

The desired precursor workpiece is_ mounted on an

—

appropriate arbor, or mandrel 821 that fixes it in a
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that,” in accordance wth the teachings of the present 10 I nvention, a
support nenber can be provided which can be used to produce a nodified
ver.si on of the nonwoven fabric of Figure 15 wherein the central region of
rai sed portion 16 carries a further raised portion projecting upwardly fr.om
t he upper surface thereof. 15 Referring again to Figure 1B, there is shown
an enbodi nent of a nonwoven fabric having a raised portion 18 in the form
of a rectangle. As al ready nentioned, th€ Ssi7s wei ght of raised portion

3
18 is greater than at of 20 . backgroynd tion 12.. .The nonwoven
fabric of Figure ‘iléiiﬁérg‘éaiadéhéﬂea fi ﬂ%‘ﬁsof hafdan neftbentiogits
oTsosei Tonion 138 S oeae Lo LR B T P B
not, however, i ncf%dgg?gggggeEBZEQ%aErgegagInd}l%ﬁ g?:ii E‘g Peccceoé"gé% l?f?#a%%&'
124. Topogr aphi caRotabpional mpwlkse fgeneraton 84 ngisorewwmectedrite @&nd
the present g nvenpboiesdPy otat2SAHC St Dihaidi e Se3d Asp’ HASOo{tS U dise

The apparat us- ShCiIRE FPORHELON 18TIOMILARE GUEL JELBBSor  workpi eco | S
nounted on an appropriate arbor, or mandrel 821 that fixes it in a -
axi s i n boari ngs BOATIS 60 and plfied ORthTe SRR evihs o BRERSL Bar,
821 at a control | &sl oaeecrmmimiade pa¥e 8gsnshatorallew) caryiegendctedto
bosi t10n i Sknowr ey o i H98 CEnEAREL " 1ERILAC db ILEC 81 "Hhde
of mandrel 821 maintaining a constant clearance to the top surface 803 o
tube 802. Carriage drive 833 moves the carriage along
guide ways 825, while carriage pulse generator 834 notes
the lateral position of the carriage with respect to
15 support member 802. Mounted on the carriage is focusing
stage 827. Focusing stage 827 is mounted in focus guide
ways 828 and allows motion orthogonal to that of carriage
826 and provides a means of focusing lens 829 relative to
top surface 803. Focus drive 832 is provided to position

20 the focusing stage 827 and provide the focusing of lens
829.

-Secured to focusing stage 827 is the lens 829, which is
-secured in nozzle 830. Nozzle 830 has means 831 for

25 introducing a pressurized gas into nozzle 830 for cooling
and maintaining cleanliness of lens 829.

Also mounted on the carriage 826 is final bending mirror
835, which directs the laser beam 836 to the focusing lens
30 829. Remotely located is the laser 837, with optional
beam bending mirrors 838 to direct the beam to final beam
bending mirror 835. While it would be possible to mount
the laser 837 directly on carriage 826 and eliminate the
beam bending mirrors, space _.limitations and utility
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S oné or nore guide ways 825 that allow carriage 826 to 10 traverse

the entire length of mandrel 821 while maintaining a constant

cl earance to the top surface 803 of tube 802. Carriage drive 833 noves the
carriage al ong gui de ways 825, while carriage pul se generator 834 notes the
| ateral position of the carriage with respect to 15 support nmenber 802.
Mounted on the carriage is focusing stage 82¢. Focusing stage 827 is
nounted in focus gui de ways 828 and all ows not'ion orthogonal to that of

carriage 826 "and | megps fo ' LfiSe 82%9{ ti : X Op
surface 803. Focu€6'8)r‘+€€f%@§ igaprg§|gdegat§cl?gg05| tron &Eét h%&%%t’é?ngﬁr
stage 827 and pr de¥egtexakleeocusi ng of |ens 829. Secured to focusing stage

827 is the lens 829, which is secured in nozzl e 830. Nozzl e 830 has neans

mai nt i ning o earitRobhe JeReE b 58 sHonsRAtha BHF 1 RetBapod, pitsed S5
final bendi g m rreflédted WBitktdiofifc bean cbénd ingbmidrrsss 8@ ,t thdm givialg
| ens 30. 829. t a St I I 237 | opd i gnal a
bending mrrors 8@%@&%#‘92@% :ﬁei‘ﬂo%am o' ?ﬁﬁéfﬁbé’ainngéeér%di% rengr rl(?r %8 .9'
Wile it woul d berpespathe afo lasex beam| §36r Bp7cenfigeredosuchr thage d16
and elimnate the;deamya§eRlivd) Fenéwéd, th82Hean %ﬁf&'gaésa@.roﬁw ithe -
This is the replacenent sheet Date:. 5 9 - 27 - connect’l ons

; MAR 1996
to the |aser rRREitudiRal Genter “?a?fp’?'é?&'ﬁﬁl 821lynen the | aser 837

[ S power edyg he beam 836 em tted_ S S refl.ect ed_ fi rst of f beam bendi ng
mrror 838, then iRl ¢8S301RG" 1ehd B2y PadPs BBLGNaT6!°HS ddndeheriites
the energy near the center of the beam. The rays are not
bent through a single point, but rather a spot of small
diameter. Thg point of smallest diameter is said to be
15 the focus or focal poin{. This occurs at a distance from
the lens said to be the focal length. At lengths either
shorter or greater than the focal length, measured spot
sizes will be greater than the minimum.

20
A precursor support member comprising a predetermined

topography and a predetermined pattern of openings therein
is prepared or otherwise obtained. One support member
which is suitable as such a precursor is disclosed in
25 Figure 3 of U.S. 5,098,764. This support member,
identified by numeral 56 in Figure 3 of the ‘764 patent,
comprises rows of pyramids 61 whose apices 65 are aligned
in two directions perpendicular to each other. These
pyramids have "sides® 66 and the spaces between the
30 pyramids are called "valleys" 67. This support member
also includes a plurality of holes or apertures 68
disposed in a pattern and extending through the thickness
of the support nember. Several other topographical
support members. are disclosed in U.S. 5,098,764 and all of
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The path of |aser beam 836 is configured such that, if lens 829 were
renoved, the beam woul d pass through the | ongitudinal center |ine of

mandrel 821. 10 When focusing | ens 829 passes beam 836, it concentrates the
energy near the center of the beam The rays are not bent through a single
poi nt, but rather a spot of small dianeter. The point of snallest dianeter
Is said to be 15 the focus or focal point. This occurs at a distance
fromthe lens said to be the focal length. = B8 e engt hs either shorter or

greater than the focal |en nmeasur ed spot will be eat er than the
im0 A pr % SERRPEE BRBREES BB, FUItADLS RERRIAGRIAPr Use in
t opography and a mlelivy er suppdrpat mebetis OpoE ngpr"abtﬁeliilgl S thecp sk @it

or ocursor 1 di SN ToR o5 P mdbbirt 'Hedbbi d Iyief 2nd Uohdtinyqrea

support nenber, miamatereﬂabg whichalares switable eferoprocessing bt ckaser

conpri ses rays ofg rﬂ © i HErPPS" DdtdBEfs| aid PhdEGIIHS
per pendi cul ar to eac ot T ese yrq}_gi ave gﬂ 66 and e spaces
between the 30 MAKRTIALE A% Gonsiruckionys' dEpecificss ef Qreriliﬁer

al 30 inclj udes ﬁp}}dd;]e'ﬁsi hof é@iﬁeﬁi;@tﬁ&téuﬁaaswwémﬂ girsoadwd ﬁlrm
and extendi ng throu Fgﬁ thig escg o ee%‘f#ﬁﬁ)or'%éren% & %]& t.her
t opogr aphi cal sup eaf% i S8~ %

This is the repl Segrialt Ndeet - 28 r £hded support nenbers thee titilealdfe
Precursors f@r USpidh & Mbe FORRSEd L%@ierﬁnii’iggprﬁfééé‘ééqgrdih‘i‘qakmg

present invention. recursor, support members nust constructe
Fabric Forming Device" and the disclosure of which is

hereby incorporated by reference.

The support member illustrated in Figure 13 of the
15 accbmpanyimg drawings is wused as the precursor
topographical support member from which is prepared a
support member for making nonwoven fabric 10C shown in
Figure 1C of the accompanying drawings. This precursor
support member is disclosed in Figure 5 of copending U.S.
20 Patent Application Serial No. 131,191, filed
September 13, 1993, the title of which is "Tricot Nonwoven
Fabric®" and the disclosure of which is hereby incorporated

by reference. As disclosed in the aforementioned
application, this particular support member can be used to

25 make nonwoven fabrics with a tricot-like surface
appearance. '

The process for laser drilling a precursor support member

to provide a support member which can be used to produce

30 nonwoven fabric 10C of Figure 1C will now be described.
An initial focusing step must be perférmed. The precursor
support member shown in Figure 13 is positioned on the

-~ 'mandrel 821, and the carriage drive 833 is motored to
place the focal point of the lens 829 in a non-drilled
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of materials which are suitable for processing by |laser 5 abl ati on;
acetal or acrylic materials are preferred materials of construction.
Specifics of the |laser processing of polyneric materials have been

di sclosed in comonly assigned co-pending U S. Patent Application Serial
No. , filed - , the title of 10 which is "Defocused
Laser Drilling Process For Making Fabric Form ng Device" and the discl osure
of which is hereby incorporated by refereme29 The support nenber
illustrated in Figure 13 of the 15 acconpanyi ng draw ngs Is used

as the precurspertépagrafphhthel ssartdng msgrgsr from which | ther pyecurser

support rrpnber fBﬁpBBk-thnéwV%J aQi"i%i%ﬁ@EhO%d'eﬂ_ Fi Wﬁiéﬁ . t Ren-
acconpanyi ng dra&n nﬁ . Thlg grecursor supp r% nmenber is,disclosed in

Figure 5 of copeffit zeﬁ. por$dons PQFePFQ{;‘[ﬂOq A% & margip AY each epd of
fi Lletheg_t en})er the ?@ﬁﬁprt hﬁeﬁb'héﬂ';e thiesdinn-dr iTled Portivomy provilde not
and the disgl osu | | e er . -
di scl osed #n t§§19afa\(¥r-l@%n#‘l§%n§%§§épl%@%igg%’?&t %@pﬁ?g;cﬁg’%%si& poi‘r%S a
menber can be useeinforgingnmeéans nothnecprovigdingsstyuctural dintegritykto

ey L6 b oufgghe SlepBeeCARILP: | EH SHds 8 pulsGa BbEE DR che
nonwoven fabric EB@BFQW%E?{%W%%W%W%&WM h rﬁsﬁ*aP sexiesng
step nmust be perégrsmndll Taeppressionsr isuppovidednber shown in Figure 13 is
positioned]r‘gn the mandrel 821, and the carriage drive 833 is notored to

pl ace the cal point of the lens 829 in a non-drilled This is the
repl acenent sheeThe fock@ -stage i 827 ofis hthenamaves t whthf mespeictcita Hehe

precursor mandrel center line to change the focus position and

another series of depressions is produced. Typically a

matrix of 20 columns of 20 depressions each is drilled,

15¢ with the focus stage being repositioned inbetween each

pair of columns. The depressions are examined
microscopically, and the column of smallest depressions is

identified. The position of the focus stage 827 that

, produced this colunmn of smallest diameter depressions

20 defines the reference diameter for the precursor support

member top surface 103 at which the beam is focused.

A desired pattern is selected, such as that in Figure 17A.
Figure 17A is a bit map of the pattern used to create the
25 support member which was ultimately used to produce the
| nonwoven fabric 10C of Figure 1C. Figure 17B is a bit
map, greatly enlarged, of tHe® rectangular region 301 of
Figure 17A. As can be seen in Figure 17B, the curved.
portion of the mirror image of the letter "S" is not a
30 smooth curve, but rather a series of tiny stepped squares,
or "pixels". Each of these pixels corresponds to a region
on the surface of the precursor support member to be
engraved. The typical dimension of the support member
surface corresponding to one pixel is 0.002 inch in each
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support nmenber was originally made. Typically, non- drilled portions are
provi'ded as a margin at each end of the support nenber; these non-drilled

portions provide not 5 only areas for trial engraving but also function
as a reinforcing neans, thus providing structural integrity to the support
menber. The laser is pulsed briefly and the mandrel rotated slightly

bet ween pul ses such that a series of small. depressions is provided. 10 The
focus stage 827 is then noved with respect~t30t ke mandrel center line to

change the focus position and another series of depressions is produced.
Typical ly a mat r iddegctipnol UFhe pixels dthatsarensadayted HIack | coxrrespond

Wi th the focus stqgerdpidis’ eRge! Widictel Qbed%ﬁ'fé‘sﬁgﬁh egion dn Rl LﬁPfa

The depressions are ~exam ned mcroscopically, and the“col um of sma elst
depressions is i E4RRIGtedqienbare At 1%, BeIiARS ¥heresith: kasen whil be
produced this col4uphed ontid eemoteanizteridtpbgsabdaticd. THefpiwels fthat

f di t f- h nb f 103
whi ch the bdam | STG S Rrrespbla SIPerions oE| shBlaiPRoEF ngnber that
Figure 17A. Fi gushouild iremain tunadtesied by tivitscpraocess,; and consaguently
nb ' [ f 6 s LOC
of Bigure 10 Fare PEmond TGS Yeks Fasdr NETYBe RASHMON W thib
rectangul ar regi FRNSE ofthy gpattern ofis Eigube sLZA jencedesc thes lager

curved portion ofogdiatiing dndtiee iohst 86 dbﬁbaﬁée" thel $magé £n3Xhe suppbeth
curve, but .rather a.series of tiny stepped squares, or "pixels". Each of

t hese pi xelt® cor ds to a region on the surface of the precursor
support nenber to be engraved. The typical dinension of the support nenber

surface correspoqgig' Gt e M€ beSaljl€el"td 'Prédikde an. image of the
intended size. If, for example, a depressed feature in
the support member is desired with a length of one inch,
15 ~and the above-mentioned scale is employed, the bit map
must be created with that image being 500 pixels long.

A position is then selected for the first depressed region
to be created in the precursor support member. This must
20 be defined for both the longitudinal position (across the
' face of the precursor support member) and the
circumferential position (around the circumference of the
precursor support member). This starting position
corresponds to the top left corner of the bit map in
25 Figure 17A of the accompanying drawings. Columns of
pixels in the bit map correspond to regions disposed
around the circumference of the precursor support member.
Rows of pixels in the bit map correspond to regions
disposed across the face of the precursor support member.

30
If more than one depressed region is desired in the final
support member, the initial corner location is established
for each such depression. If desired, the computer
control system can be configured such that the number of
CHI-818
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- 30 = direction. The pixels that are colored black correspond to regions
that will be a depressed region in the final support menber, that is,
regions where the laser will be turned on to renove material by abl ation.
The pixels that 5 are white correspond to regions of the support nenber
that should remain unaltered by this process, and consequently are regions
where the laser will be turned off. In this nanner the pattern of Figure
17A encodes the | aser operating instructiorms 3 produce the image in the

support 10 menber. The pattern nust be adjusted to, produce an i e of
the i ntended sizerepeats; of & pantern, in pachdirecticn H\°Pﬂét%$g?ﬁtand
menber is desiredcitétimferengialo) ean bechpeddfiedandniihehabevapatati eHEl

o xels Tong A podebPEmthe TRE Bedkrifol dRpRE Yad 4 SFCEReRS EodRCs,,
be created in theWpthinreachsdgpoessednpegionhthenoperation ks duplicated:

both the | ongi tudinal position (across the face of the precursor
support rmenber) and the circunferentifl posi tion (around the

circunference of Ineoperakion, the waxriagepis)initiadly mgtoned,po that
rlngiiticotnhcorrewoeﬂe__tqddﬁ_tqsbiﬁt 6|ﬁr nQﬂhd)]f Iéneslbi bpﬁ‘&?ﬁb&g_&tﬁ td- Gehe
0 e acconpanyi aw, ngs. umms, 0 i xel s i it,na
correspond to regf%‘%%fg?ggﬂ\é@d &’P@&ﬁgo e ¥ ch _erﬂ@é’r}tﬂuﬁi?’e p?%%%’gjcﬂed
support nenber. Fpositioni xef s the t fiérstt depressiespond Thds eposition is
di sposed ac{Qss t t C p nore than
one depress%@ reg?%%ilﬁgfﬁgéflrgg ?‘é\gtﬁéj?ﬁﬁgﬁ ﬁ%%ggggnrrg%%grgg thaé'i nitial
corner location is established for each such depression. | f desired,

the conputer contgygd RARESEICHB Dfow CRaHBURR] rotdté haE hhedhstat AHpeed.

Circumferential position is established by rotational

pulse generator 824. The actual rotational speed used

15 will depend on the laser power, desired depth of cut,

laser spot size and carriage advance per revolution. Once

the mandrel is at operating speed, the computer examines

the left-most column of the bit map for laser

instructions. If this column has no black pixels, the

20 laser will remain off for the entire first revolution of

the mandrel. If there are black pixels in the first

column, the laser will be switched on when the positions

on the support member corresponding to black pixels are

positioned at the focal point of the lens. The encoded

25 instructions in this left-most column result in repeated

laser operation around the circumference of the support

member in each of the regions specified to have the
pattern repeated.

30 When a full revolution has been completed, the carriage
drive repositions the focal point of the lens to the
position of the next region of the precursor support
member from which material is to be removed by laser
ablation. This new. location is 'directly over those

CHI-818
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- 31 - repeats of a pattern in each direction (longitudinal and
circunferential ) can be specified, and the conputer will determ ne the
starting points for each of these repeats. Wthin each depressed region the
operation is duplicated. 5 In operation, the carriage is initially notored
so that the focal point of the lens corresponds to the |ongitudinal
position of the previously determ ned positign of the first depression.
This position is 10 established by the EaP?iage pul se generator 834. The

mandrel is now nade (o0 rotate at nt eed. G rcunferential position
i s e;tab: ?she\cliv byr?%i%?éo |t %Iggeéggg%gt 8?1%@25.% mﬁ@%cﬁ%ﬁrqsl&"é} ﬂ%ald"
speed used 15 the | pieglmdirorthécseaond podunn ofsithed kidpmfapaf @hie new
| ¢ s ; on. L ‘
operat i g speod, TPSNELS VAN By ch¥lall! B1sE"GENERREEIENE, rhet
map for |aser ioemputer obhen examines thenengoded pinstryctions inethe

hore ore by yeboks [GUIIP ANENG K1Y Siap v GuTnd €0 T Bin, and! |
when the positi oprﬁégn'Phé'ﬁl}&ﬂ{ﬁﬁe‘ﬁreaﬁﬁangbr%%p&?d&ngmfﬂdﬁFcheﬁi"‘ié'itg%re
posi tioned at therfibeproveisst isf repeatedsuntibethacentiir@pixel pattrtextn dns
inthis left- mstegel 9D ddiy Hds | BebRPPBLEelA 2heaP T KHecRBUR sbBort

ci rcunf erence of 1% e suppo menber 1 n eac e regl ons specl
have the pattern Repeefed. 30 When a full revolution has been conpl et ed,
the carriagg drive repositions the focal point of the lens to the position

of the next regiqn of the grecursor su rt nmenpber fromwhich materjpal is
to be renoved by ok& thaj Qﬂ @ apﬂﬁc@pq?bweq BASH RroAyGeS A P ¥ of

those This is thmaafdwiceoutd <Sheetthe material, rather than a large
depression. Because these cuts are precisely registered
to line up side-by-side and overlap somewhat, the
15 cumulative effect is a broad depression. Production of a,
smooth image requires that the region established to
correspond to an individual pixel in the design be smaller
than the minimum laser spot size used. This provides
: overlap of adjacent passes resulting in subsequent
20 blending of the edges of each pass, and thereby minimizing
"jaggies”. Though typically square, for some purposes, it
is more convenient to employ pixels of unequal
proportions. @ For example, rectangular pixels may be
employed.
25
Recess depth is proportional to power, and inversely
proportional to rotational speed and carriage advance per
revolution. The cumulative effect of multiple passes is
a wide recess, with blending of detail from overlapping
30 passes. This process can be repeated as many times as a
desired over the working face of the support member,
creating large pattern effects. '
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- 32 * regions of the precursor support menber corresponding to the pixels
in the second colum of the bit map. The new location is verified by
carriage pul se generator 834. The conputer then exam nes the encoded
instructions in the 5 second colum of the bit nmap, and pul ses the | aser
on and off as instructed during the next mandrel revolution. This process
IS repeated until the entire pixel pattern inthe bit nap has been "burned"
into the precursor support nenber. 10 Note tra Tn the approach, each pass

d nb f t ' t terial, t h th
F;?g(l;c§2p?e2§i oﬁ.rIBBéggLégv‘\:/ﬁ‘Pgsjegﬁﬁ%gsar eppg‘élegf’?l r%gir{%‘é‘?etré% tp(?q"irlierfg' ups
si de-by-si de and cwveateq, sdrdedﬂttyitﬂ_qe those q;imd]a | to did eengravedbrtmaca
depr ession.  Prodyeiiopeft 8epERO!NThiRAC (AN the ¥ind PrécML) but use

n I n the design

establ i shed to correspond to I ndi vi dual -pI xe |g e small er
than the ni ni rumeither pdeigher laser Poversop sleves potational speedcte

passes resulging Ashfee fnepbased deptRdi ng of the edges of each pass,
and thereby minimzing "jaggies". Though typically square, for sone

purposes, it is nore convenient to enploy pixels of unequal
proportions. Friter alylae surmcisitgland interestdng aspepitoyedthdSabevwess
depth is proporti qﬂgl %V, | tﬁﬂﬁl
speed and carri ag‘gg%é v%%%‘g%%érelr' evo dﬁ%ﬁ%@dﬁ}%@%}dg ?%réﬁgé%{:fo% rt

mul tiple passes imembeXde ilike ai dpthecurning eperatienpomwhish Honid)
30 passgy Thiemd¥@CRateriA1PI WEGbREtaAL NABYLH|, TehedSlabdiesabRit LUET

the working face Sxf'oéehgs s:%)gg réeggggéd removes a fixed amount of material
from the precursor support member. For example, in the
process 3just described, the precursor support member
comprised the topographical pattern shown in Fiqure 13.

15 The subseqguent laser ablation process creates a recessed
region corresponding to the mirror image of the letters
®JSK". When a nonwoven fabric is made using the finished
support member, the letters ®"JSK" appear in a raised
portion of the fabric. This is seen in Figure 16 where

20 the letters "JSK" comprise first raised portion 16 of
nonwoven fabric 10C. These raised letters "JSK" have the

sane tricot-like appearance as background portion 12.

25 EXAMPLE 1
 This example shows the production of a topographical

support member which can be used to produce nonwoven
. fabric 10C of Figure 1C. ' The precursor topographical
support member is made of acetal and has the topographical
30 pattern of peaks, valleys and apertures shown in Figure 13
of the accompanying drawings. The precursor topoqraphical
support member was made by the laser drilling process
disclosed in commonly assigned. copending U.S. Patent
Application Serial No. filed . the
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creating large pattern effects. - 33 - If an accent recess is desired,

a second pattern is created, identifying those pixels to be engraved to a
different depth. These follow the sanme process, but use either a higher

| aser power or slower rotational speed to 5 achi eve increased depth.
There is a surprising and interesting aspect to the above- described |aser
abl ati on processing of a precursor support nenber. Unli ke a | athe turning
operation, which would 10 remove nateridl3%0”a constant depth, the |aser

abl ati on process just described yengpves a fixed anoun terjal fromthe
precursor suppor Fitd@p&at W e&%%P&,quﬁ’st qﬁ%‘és r%%%ﬁegfﬂcﬁ?&, e
precursor suppor Hakdnge Fabedpr Foeninkye Dievdc*t pindc Ahep atiisrloshravof which

Figure 13. 15 The s e I t] Ss a e

regi on cor responaan’ﬁr%?ihg’%%%%ngil ﬁa§§€f*§ﬁ39§§§§ér sﬁx?S%%i)p&%n&}m

nonwoven fabric of this Examplehd Was shadesonpthe apppratushefl figare 16

"JSX" appeagk in ' p ' membeli4dtS mEdil d i

where 20 gt he ﬁg??gf?iﬁ]gkkbggsma)?i %g%go??t’ rai se-g(; j?)loérttsi on d&d:rﬁir‘i!m%\?eaﬁ

16 of
fabric 10C. Thelasex sabplptiop s Presess  desceiled, PFFS&!"?%PPIE' ~ The

appgar ance afs ba@keaewdﬁpaﬁ?' oft ldenmder wakAiduhtedllons mandrele 821QWs Thiee
production of a topographica PRQIt r u O _Rr

nonwoven fabric Tﬁgngel%i 36?8“?%. e%%%u?éﬂ#g{}%%ggrgg [ égge%uﬁp&rg?z Aéh
menber is made opracessl waadthat shewnopngFigureal780 Thediasem powescwRs,

val | eys a“?oapeféuﬁeeossewauw & sgrgstﬁ%.tofouttgﬁtqc%ww,nafd&avzﬂonqatt‘she
precursor topographi cal “support nenber was na by the | aser &I’I I1i n%
process di scl osebiensn &39mBARy hsPPFidd ‘& pBRALAGUS, Jdenpyhaying a rocal

length of 5 inches. Lens 829 was focused at the top
surface of the unengraved marginal portion of the
precursor topographical support member. This coincides
15 with the reference diameter established for the precursor
support member as explained earlier herein. The
rotational speed of mandrel 821 during the laser ablation
process was 35 rpm, resulting in a support member top
surface speed of 69 m/min. The carriage advance per
20 revolution was 50 microns. The laser ablation process was
continued until the entire peripheral surface of the
precursor support member was laser engraved with the
desired pattern. The resulting topographical support
member comprised a first pattern nearer its outer surface
25 and a second pattern beneath said first pattern, i.e.,
recessed into the depth of the support member. The first
pattern in the resulting support member was the pattern
illustrated in Figure 13 of the drawings. The second
pattern, i.e., the pattern recessed into the depth of the
30 support member beneath the first pattern, was the pattern
illustrated in Figure 17A of the drawings.
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Appl i cation Serial No. filed , the -34- title of
whi ch is "Defocused Laser Drilling Process For Making Fabric Forning

Devi ce" and the disclosure of which is hereby incorporated by reference.
The support menber of this Exanple 1 was nade on the apparatus of Figure 16
5 usi ng the precursor support nenber just nentioned and the | aser

abl ation process described hereinabove. The precursor support nenber
was nounted on nmandrel 821. The conputer @r%ith file used to control the
| aser abl ation pa@@ﬁéﬁdﬂﬁé that shown in Figure 17A. The | aser power was 10
set to produce a out put, when on, of 1320 watts. Lens 829 was a
positive meniscus |l ens having a focal length of 5 inches. Lens 829 was

f od at the t ' ' ' h
et bpogr dhi¥ eidfif1e0111488rabOS NG FoaURE SR Tor riidvih £Bbr1E"®

ppo
reference di anet &0CGsshayn SEEdFﬁ-&ﬂrﬁheubr!éﬂmgort%pﬁepwrml support
explained @&arli glemded Cinhde I aecoirdahdte SHEEEnOf Exangnel &ﬁ‘.tl) dur pfig
the | aser ablatiqgn proce s 35.r resul ti i n_a_support nenber. to
surface speed of °ﬂ’r‘PPf‘§r."a ?ngegﬂ?ﬁﬁéeﬁo‘agg%’éa%}ezg”as FEROVEM, Sﬁgﬂlas
50 nmicrons. The msdredbis2l @t ptleespparatusnshowrd imtFiguie p6tand was
per i pheral S“rfa&%u%fteﬂﬁrexpéﬁﬁﬂr ?Br o2 UBRE' ngﬁg'g%s"‘%obis% ggg(&&e wth

the desired pattern. esul T ng t opogr I 'cal support “ne rconplised
a first pattern nearer its outer surface 25 and a second pattern beneath

said firstjpattemneibr8us WebeesRgisBiAgt BALILELY oF GREpldRRPEhGtATENEEON
The first pattern.,n the resu the pattern

illustrated i n Ffdihexrs ang;ve &gﬂsﬁ%ggnq%m&%% PATQ wascmade Hhy
pattern recessedcombining dep:é oin¢é el squane|yeitd MUK cottonavebiiede
first pattern, W§§t£migg€£§€96nal carding process and a 0.6 ounce per
| square yard 100% cotton web made by a conventional air
15 laying process. In the specific example being discussed,
the carded web and the air laid web were combined by
positioning the air laid web on top of the carded web. It
"will be understood that the carded web could, if desired,
be positioned on top of the air laiad web.
20
The aforementioned 1.2 oz/sq yd 100% cotton web was
lightly pre-entangled using a conventional flat-belt
entangling apparatus comprising 18 orifice strips which
were spaced from each other in the machine direction of
25 ‘the apparatus and which extended across the width of the
apparatus. The diameter of the orifices was 0.007 inch.
There were thirty (30) orifices/lineal inch in each
orifice strip. The entangling fluid was water. 1In going
from the upstream direction to the downstream direction,
30 water was supplied to the first 3 orifice strips at 200
psig; to the next 3 orifice strips at 600 psig; and to the
last 12 orifice strips at 1000 psig. The pre-entangling
apparatus was operated at about 330 feet per minute (fpm).
The thus processed cotton web was dried over steam cans to
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illustrated in Figure 17A of the draw ngs. - 35 - EXAMPLE 2 This exanple
illustrates the production of nonwoven fabric 10C shown in Figure 1C using
t he topographi cal support 5 menber made in accordance wth Exanple
1. The t opographi cal support nenber of Exanple 1 was renoved from
mandrel 821 of the apparatus shown in Figure 16 and was nounted on drum 90
of the apparatus shown in Figure 12. 10 A fibrous web consisting
entirely of staple-length cotton fibers and W& ghing 1.2 ounces per square

yard was made by conbining a 0.6 _ounce per square yard 100% cotton web nade
by a conventi onal PEAY#d@ganldghtdy, entangled 100t pcotson, el Jereinafter

cotton web nmade byaplé@naempr&sBond®) 15 | aying process. In the specific
exanpl e bei ng di scussed, the carded web and the air |aid web were conbi ned
by positioning the air Iald web on top of the carded web. It wll be

under st ood that tTwocpldes b thel dboVé-des'crd&b;edbepmsbmidmwdren used dfo
the air |aidgweb.pgefe T dw&fré’ﬂ %Pi'c"%é Oﬁaéﬂp%gl ?}99% 4%48p14tRa

was |ightly pre- en ang using a conventlona angl 1 ng
appar at us conpri sPRthe topggraphical suppprrt RepberpafcBxampieck whinhdad n

the machine di reqséea Prevbously %@Wxﬁiﬁ@dwm&h?m:&me%ﬂ:r&%& jige
w dth of the apparat he di a ter of the or 007 nch T
were thirty (30) BF?"?‘?‘E%%/ Y3 al eﬂchsPﬁagﬁéh f'%ix s'{’fl?b Ent an&f‘P
fluid was water. distancg from tthe uUssttenmod rmel miifd@estbﬂpstbﬁalthe
glerCt!tgnt h@next%on*@e ?Jl’pg)qa%ggﬁgg flzr ,%o SER% {"#ﬁe ?’ggge
strips at 1000 pshateriadb ma@eqbgp@ Prd5 inch. Only one of the five
orifice strips 92 shown in Figure 12 was ‘used for the
processing step. The two-ply pre-bond was passed once
under the orifice strip at 100 yards per minute while
15 water was being supplied to orifice strip at a pressure of
about 600 psig. The pre-bond was then passed under the
orifice strip eight additional times. The line speed
employed during these eight passes was 100 yards per
minute with water being supplied to the orifice strip at
20 a pressure of about 1600 psig. Nonwoven fabric 10C .thus
produced was vacuum dewatered, removed from the support
member, and dried in a hot air oven.

It will be understood that nonwoven fabric 10C comprised
25 a background portion 12 having a tricot-like appearance
which resulted from the first pattern comprising the
support member, said first pattern corresponding to that
shown in Figure 13 of the drawings. Raised portion 16 of
the nonwoven fabric 10C resulted from the pattern of

30 Figure 17A.

Further details respecting apparatus and methods for
- making nonwoven fabrics of the kinds disclosed herein are
found in commonly assigned copending U.S. Patent
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appar at us was operated at about 330 feet per mnute (fpm. The thus
processed cotton web was dried over steamcans to This is the repl acenent

sheet - 36 - provide a lightly entangl ed 100% cotton web herei nafter
called a "pre-bond”. Two plies of the above-described pre-bond were used to
5 make nonwoven fabric 10C. The two-ply pre-bond was placed on the

t opogr aphi cal support nenber of Exanple 1 which had been previously been
mounted on mandrel 821. The two-ply pre-bond @s=then sprayed lightly with
wat er . The di stance fromthe bottomof the orifice strips of the 10

appar at us shown i nAppYieation: erfalt ¥9.of_the prerbfddefaterial was abdihe

Ssgg ;gfht e OPLZ eﬂewf ofhﬁhib!(eiS[ 3% ppatativs %ﬁ&mas&ws y Nsdhsﬁiosgiﬂ eré%enrw
the orifice SFI‘I p 51189 éﬁfﬁﬁd} trmﬁﬁue'y\ﬁﬁﬁ °s"W§P€i \Xﬁ%"ﬁ f‘ﬁ}eteb&!

supplied to oriflcmebrppratedl by assferenteabout 600 psig. The pre-bond was
t hen passed der the orifice strip eight additional tines. The |ine

speed enpl oyed during these ei %‘ft passes was 100 {ards per mnute with
wat er bei ng suppl i Basis weighk s determined am)follgws.csThematerialitol $®0

psig. Nonwoven faeéseeéoﬁtaaﬁdpewﬁéadme at2QeaBtd g RAaes, at ET@rednty @m

t he support nenber, and, drie hot ai.r oven be understoo t hat
nonwoven fabric 10¥eld Y?s@ﬂ“fgty of ﬁé&grmﬁﬁep{'ﬁ‘%ﬁi‘i R8st Fpecimens

tricot-Ilike appearmed&h céut e frbime ke 0 dddiadd rparﬁatdﬂeraheomﬂdirui@nbhe
of "he drantls rfteridh P o) 4¥ wR e o Hr e MW dined iR
the pattern of 30 Thifiaxea i/An the order of 30 sgquare millimeters. Each
die cut test specimen is weighed on an analytical balance.
The basis weight of each individual test specimen is
- calculated by dividing its weight by its known area. The
‘ 15 basis weight is reported as the average of the. basis
weights of the three test specimens.

While several embodiments and variations of the present
invention are described in detail herein, it should be

20 apparent that the disclosure and teachings of the present
invention will suggest many alternative designs to those
skilled in the art.
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Furt her details respecting apparatus and nethods for maki ng nonwoven

fabrics of the kinds disclosed herein are found in comonly assigned

copending U S. Patent - 37 - Application Serial No. —fted-

, the title of which is "Apparatus For Making Nonwoven Fali

Rai sed Portions", the disclosure of which is hereby incor|él.)r(5:)”s'g = ee%R laced

reference. 5 BaS| s weight is determned as follows. The maﬂ

tested is conditioned for at |east 6 hours” a?370[err]F and

hum dity of 65% |hre§ |n8| VII duEII test specinens are die cut fromthe

desired part of et ! material using a die punch of known,

pre-determ ned area. This area is on the order of 30 square mllineters.

Each die cut test spe [ | cal bal ance. The basis

wei ght of each i r%dl Vi éuarﬁgh eé’ievﬂse %ﬁen 'S ﬁ%ﬁ%i ed by dividing its

wei ght by its known apeaubﬁt@mallmﬂamm|mchoueqbomwim. tamdaverage

of the basig veights gk !{gabll Yhd craiseacigBreioNiiiteypeanyl Fobathy™

and variations of the present, i nyention are ribed in tall erein,

shoul d be 20 threesqinensional (patrern, epﬁﬂﬁe?Eséhu 8f tthe ppdas

i nvention \évlsl I sbg@kgtrdm potel oy Iysidemmm:i&gs&ﬂﬁd | &l | Qaiheat

art. - - a 0 a

substantial ly py\g Eba‘gﬁig ?&%(#e?o %?Bﬁj‘gg gml%yﬁ&l éuﬁs@aﬁ@faﬂ equal
basis weight and density.

10 .
2. The fabric of claim 1 further including a transition

region between said raised portion and said background

portion, sald transition region having a basis weight

different from said raised portion and background portion.
15 |

3. The fabric of claim 2, wherein said transition region

includes a first portion of lower basis weight than said

raised portion and background portion.

20 4. The fabric of claim 2, wherein said transition region
includes a portion of higher basis weight than said raised
portion and background portion.

S. The fabric of claim 3 wherein said transition region
25  includes a second portion of higher basis weight then said
raised portion and background portion.

6. The fabric of claim 5 wherein said first portion is
connected to saic_:l background portion and said second
30 portion is connected to said raised portion.

7. The fabric of claim 5 wherein said first portion is
comprised of a plurality of fiber bundles that are
substantially parallel to each other.
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5 ) at | east one raised portion integrally formng a
t hreé-di nensional pattern projected out of the planar bqﬁggﬁeg?ﬁg]apegge&%gd

sai d background portion and said at | east one raised poral H”HE"EI
im 1l
w Hai d

substantially equal basis weight and density. 10 2. Th
further including a transition region between said raise

background portion, said transition region having a basis weight different
fromsaid raised portion and background porti%om 15 3. The fabric of
claim2, wherein said transition region_ includes a first portion of |ower
basi s wei ght thdhe sai Theafahrico ef oflaim phcwhesedd R magerity of 4said
The fabric of cleiper, buhelés ardidbriprdidd idh fideire) thadl wies twikteld 2Rd Of
hi gher basi s VWﬂégn than said r isgg‘gortion and background portion. 5.

The fabric of cl B2 WMRPR; 284 A*®¢5nsition region 25 i ncl udes a
second portion of higher basis weight then said raised portion and
background gortign. Gpne Fheri@6t o7 derdl edlasRiflel bihaReh'4 oy
is connected to said background portion and sald secon portion 1s
connect ed to saisubstantiadlyiperpendicularite rthe dackgreundypertionand
first portion i s£iDFafedoporeidhiirality of fiber bundles that are
substantially parallel to each other. - 39 - 8. The fabric of claim?7
wherein a majority of said fiber bundles are conprised of fibers that are .
twi sted and tur redl uTive efabrix et c¥aim 9. whélreir aduid sécohdi portideris n

sai d {1 bery pundl g ot £ SHDBAMd Aph¥rBTERGTogu! Binke BEnHICEI BHEE are

portion an
substantially parallel to each other.

11. The fabric of claim 10 wherein a majority of said
fiber bundles are comprised of fibers that are twisted and
15 - turned upon each other.

12. The fabric of claim 1 wherein said background portion
has a textured design comprised of a plurality of
substantially parallel fiber bundles, said fiber bundles

20  being comprised of fibers that are twisted and turned upon
each other.

13. The fabric of claim 12 wherein said raised portion
has a textured design comprised of a plurality of

25  substantially parallel fiber bundles, said fiber bundles
being comprised of fibers that are twisted and turned upon
each other.

14. The fabric of claim 13 wherein the textured design of
30 said Dbackground portion and raised portion are
substantially identical.

15. The fabric of claim 14 wherein said textured design
is a tricot-like design.
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said raised portion. 10. The fabric of claim5 wherein sard—second portiom —
is 10 conprised of a plurality of fiber bundles that ar I
parallel to each other. 11. The fabric of claim 10 wherei n%ggpe%{;%g :d laced
said fiber bundles are conprised of fibers that are tw sted gﬂm%! ll
turned upon each other. 12. The fabric of claim1l wherein sai

portion has a textured design conprised of a plurality of
substantially parallel fiber bundles, sai d=f#8er bundl es 20 bei ng
conprised of fibers that are twi sted and turned upon each other. 13. The
fabric of clai m whdhe nfabricr A%egladmt ibnwhesein sajduatd leastnone
conprised of arﬂd&@' pb&tqanZSmclmtahtlab arpqw&éﬁbnfhhar HUNSWRT
sai d fiber bundles oﬂchggnBLl ofiflbers t ha rcitvmste dtur d
upon each ot her. P& e Ohr spild WRReY L and , lower; Bork RYof
30 said bacltgimetﬂ front isaid dadkgrowel paxtriiomn are subst ant i aI |y
identical. . The fabric of claim 14 wherein said textured design is a
tricot-1ike design. This is the replacenent sheet 4Q;- 16. The fabric
of claim 1 whereidf-saiTheat fabeic ofc ¢laimd 1§orWhQﬁﬁinclﬂﬁ& plunahity of

portion and a | oygdheROHiriled’ det ite %'@té@?_ﬁ%nfﬂ%c?g%;@tglﬂgf %?”Spgﬁiﬂ s

rai sed fromsaid backg rtion. . ,

said plurality o fn %{dobg‘fhj’aﬁp d@?ngrgsﬁréﬁgf'épﬁ\aﬁed”&ﬁ}! P %?f%péﬁﬁﬁﬁs

in said fabric, ione radsedsportionl being abflesty 2 tdies greater than the
10 spacing between the openings in said predetermined

pattern. o

18. The fabric of claim 4 wherein sajd transition region
includes an upper por*}_ﬂn projecting above said raised
15 portion. ¢

19. A nonwoven fabric having slub portion comprising:
a substantially plénar background portion; and
at least one raised portion f®rming a three-
20 - dimensional pattern projected out of th 'planar background
portion, said at least one raised portion having a hﬁ*her
basis wezg*than aid backgr nd portion..

20. The fabric of claim 19 wheré?n said at least one
25 raised portion includes an upper portion projecting out of
-the planar background portion and a substantxany planar

lower portion. "%, A

21. The fabric of claim 19 further .mcluding .& transition

30 region between said at least one raised portion and said
background portion, saiad transi_tion region having a basis
weight less than said background portion. '
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one raised portion being at least 2 times greater than the 10 spacing—
between the openings in said predetern ned pat t er n. ThB Sheefl18 BEQN hiGecS |

claim4 wherein said transition region includes an upper p I'ng
above said raised 15 portion. 19. A nonwoven fabric h TH!E@”, i on
conprising: a substantially planar background portion; and e

raised portion formng a three- 20 di nensi onal pattern projected out
of the planar background portion, said at +ebbt=one rai sed portion having a
hi gher basis weight than said background portion. 20. The fabric of claim

19 wherein said 22+ efhe ofabric ofr gladm pd9t whenein usetd aatupbeastpooneon

projecting out o | a kgriguﬁ BabikigednNdeg supst 1l I r
| ower portion. foati'lté%gjf Et;alfgbgﬁ ciii £1<1= Purt hgral [ ﬁgl utjgi)ngyaltdtt;ﬂalr%eiy?i gﬁfi%o
regi on between seﬁ"d’s&a’!tgésmyoﬂé“ teL4ERBeEBon and said background

portion, said transition region having a.basis weight |ess than said

background portiqQn. R e T . abr] claiml ereipn saj t
| east one r§i sedgt}ﬁort‘rlhgn &f%rﬁ%o%rfqgggg io# %er ziE?r aﬂg*%/ms ssgangiadlfy
substantial |y paparadileli fiberszare parallmie imbhe: longitudinal dircection
sai d substantial log P! tRkebldPhenShAL" Pattler FOFmedNBY! WliH ! raisea

direction of the three-dinensional pattern fornmed by said raised portion.
10 24. The f “dOB+ cl aim 21 wherein said transition region is
conprised of a plurality of fiber bundles that are substantially parallel

to each ot fsr 22'4. T%ef ?gﬁffcooff %'1%':1%‘ %%. whereih 3a1d 'gxr"artrgigiorslaxle%ion
is comprised of a plurality of fiber bundles that are
substantially parallel to each other.

'25. The fabric of claim 24 wherein a majority of said
15 fiber bundles are comprised of fibers that are twisted and
turned upon each other.

26. The fabric of claim 25 wherein said fiber bundle are
substantially perpendicular to the background portion and
20 said raised portion. '

27. The fabric of claim 19 wherein said background
portion has a textured design comprised of a plurality of
substantially parallel fiber bundles, said fiber bundles

25 being comprised of fibers that are twisted and turned upon
each other.

28. The fabric of claim 27 wherein said raised portion
has a textured design comprised of a plurality of
30 substantially parallel fiber bundles, said fiber bundles
being comprised of fibers that are twisted a&nd turned upon

each other.

£,

CHI-818

* [ L M S x



15 ‘fiber bundles are conprised of fibers that are tw sted—and turned
upon each other. 26. The fabric of claim25 wher ei n sai d fiber bundle are
substantially perpendi cul ar to the background portion and Sheet @lB&e l&pﬁ
portion. 27. The fabric of claim 19 wherein said backgrou

textured design conprised of a plurality of substantially p

bundl es, said fiber bundles 25 bei ng conprised of fibers that ar _

twi sted and turned upon each other. 28. The42abric of claim27 wherein
said raised portlon has a te)é&red desi gn conprised of a pl uralltil of 30
substanti al | y par2?+t el The pEabpig Rk £ladm 28 wheredm thestpextngedodesian ohf

fibers that are tsafd ed Rackdgrouedl uportdarh ol . FRigeds t portEohac RNt

sheet - 42 - a laim 28 wherein the textured design of
sai d backgr ounosu?)%‘?‘?'?%%aﬁﬁnﬁseneh?ig]ﬁ portion are substantially

I dentical. 5 30. The fabric of claim?29 where said textured design is a

tricot.| i ke glesi ofy. 3irne Thept fOI4€ Slafih 24N koS id SakuPd"Hdioh 1
fi ber bundl es defl ne predeterm ned pattern of openi ngs
fabric, the cr ossﬁs@'(‘:’ﬁ%’h‘al ¥# designsai d at |east one raised portion being

| ess than 2 tinmes greater than’ the spaC| ng between the openings in said

pattern. onwoven f ] | ugali of beslS
havi ng a backgro[}ﬁg' %bagﬁg 13 a%qo ;’ rL‘é HH‘H)FYl Gﬁ
being located in ﬁhénjéwmdhgs adéfine pl pnedetemiaheﬂommrﬁ ot iopedlifgs

sai d rai seqportign HaidGal At ¢l Bras26aBlBhaTewMfiNor! Sa APAN° 1808

one raised portion being less than 2 times greater than
the spacing between the openings in said pattern.

32. A nonwoven fabric comprising a plurality of fibers
15 and having a background portion and a raised portion,. said
background portion being located in and defining a first
plane  of said nonwoven fabric and said raised portion
being located in a second plane which is above and
parallel to said first plane, said raised portion being
20 'Joined to said background portion by a fibrous transition
region, the basis weight of said raised portion being the
same as the basis weight of said background portion.

33. A nonwoven fabric comprising a plurality of fibers
25 and having a background portion and a raised portion, said
background portion being located in and defining a first
plane of said nonwoven fabric and said raised portion
being located in a second plane which is above and
parallel to said first plane, said raised portion being
30 joined to said background portion by a fibrous transition
region, the basis weight of said raised portion being
greater than the basis weight of said background portion.

—
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paral-lel to said first plane, said raised portion being 20 joined to
sai d- background portion by a fibrous transition region, tgg Q@gﬁgg&ﬁp@@&x@f
said rai sed portion being the same as the basis weight of

portion. 33. A nonwoven fabric conprising a plurality of mmmﬁﬁ

havi ng a background portion and a raised portion, said bac

being located in and defining a first plane of said nonwven fabric and
said raised portion being |ocated in a seeodd pl ane which is above and

parallel to said first plane, said raised portion being 30 joined to
sai d background [Bddtidn ngmep\fémr5abrtlpammpnﬁsimgmnplumlbm gfwdi;hermf

sai d raised portimy hg rfaﬂfék%f@@n&hﬁo?éibﬁ gl sms%f rwsiabgaggﬁ

port ion. This is the replacenen nonwoven

conprising a pl udid pyssﬁonﬁb@issﬁomasiﬁg aswak@# wed Regt i q!fherim
rai sed portlon maemecnﬂdaﬁal detipdrig o8, figsd lpdre condspodt nvhwiRiel

[irat rai sed por FO 1q bad, YrRe Faped bRePEPRTURE, Raid, elpond fadsed
pl ane which is aljportiond belngl docatedi drfi astplanee whixih ¢ sbaive aiandd
portions being j gi rd &Le‘i %?' ab C?QEQ’E”?IQHQ 'é’%bﬁ’yof‘ d4 4 Q‘ﬁsteﬁaﬂu&'tt'i%s

region, the basi sal tion
substantial |y thdedage jeired #@si sald ghackerewnd ti?ﬁ?k‘ijf%nHchﬁt fdhrave

the basis wei ght tgfane3itd one¢@4d or) Sﬂihpﬁééiéwbﬂyﬁﬁ ercahed Fhpstt aikad s

wei ght of ?l%l d baclglroun%ea%rqt 's?ﬁ:stantially the same as the basis weight

: of said background portion and the basis weight of said
second raised portion being greater than the basis weight
of said background portion.

15 ¢
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