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PAPERMAKI NG BELT HAVI NG REI NFORCI NG PI LES FI ELD OF | NVENT invention
rel ates to papermaking belts, and nore particularly to belts having

augnent ed (Rpdorbaice to conpression perpendicular to the pl pagnRbo/idass bel t,
and/or mtigated sleaziness within the plane of the belt. BACKGROUND OF THE
| N\VENTI ON Through air drying is well knbwn in the papermaking art. Through
air drying has been advant ageously acconplished with comercial success
using belts having two conponents, a foram nous el enent and a resinous
framewor k. Such bel tRARE KNG 8EL T HAYONGOREINEQRCEBY #ILES. Pat ent s:
4,5,14,345, issued April 30, 198S to Johnson et al.; 4,S28,239, issued July
9, 1985 to Trokhan; 5;098,522, issued March 24, 1992; 5, 260,171, issued

Nov. 9, 1993 to Snurkoski et al. 5 27§l 78g igsued Jan. 4, 1994 to

Tr okhan; 5, 328, 565, issued Jul yF ,LD N h et al.; 5,334,289, issued
Aug. 2, 1994 to Trokhan et al.; 5,6431,.78 issued July. 11, 1995 to Rasch et
al .; 5,496, eztglsi‘%‘ﬂ’é‘&“wﬁtaé% ‘Q,P%Pe%%(‘%g@fselap &aore jal 'Cé'}ar%ﬂ to. g@fsslé?d}%ﬁ,

i ssued March 1 1996 to Trokhan et al.; 514, 5" 23, Jssu VA , 1996 to
Tr okhan epuepenteds Feiiansg & SCRRMsShn HemendicRiE R 2 plahe uitafivabell addior
5,566, 724, .i t . net al.; 5,624,790, issued April
29, 1997 'E“é“gsf‘?":)a%(g%a%‘é?s ”ﬁ’ﬁ?‘;“%ﬁ;gﬁ'fh?g%?%?@sued May 13, 1997 to Ayers et al.,
and 5,679, 222 issued Cct. 21, 1997 to Rasch et al. all of which patents are
i ncorporated herein by reference. Papernaking using two belts is al so known
in the art. Each belt my BAKGROUNIVOFOLEE ENOFRMOANd a patterned
framework. One belt is used for the formmng wire and one is used for the
drying belt. Tilkroagh aitl digingdaefetiskndmacCinahe parihaiting akte MERbSgh 4lr HRGng has
framework, particularly for the formng wire. Suitable exanples are found

i N commonbeenasdiagagebudlySackmished SyilD dpmhferdids uedesdpuding Delts FA6ingo Wwookhan
et al. and 5,614,061 issued March 25, 1997 to Phan et al., which patents

ar e i ncor gunpdrentsha f@aminpps ekdnggne aoe a resinqus-framgwork.~Sueh-belts #46 dBEORMBER

2002 WO 99/ 67461 PCTI US99/ 13078 One feature conmon to each of these patents
i s the presemerlyofssigned 345t Bpigats: f ko kissted ohpralhdhel 83etopfahinson et vhe

T L Nt PR SR S S SRl L A
o0 s RSB G O S & S R TR P RRE B0 SIBRRRLS .

oy e i S5ELEs ISR S0NNYONORoERRL LIPS 4BRENL Moe 3¢ LSPLOTIRHS, Doen

made to design roug i’ dryl ng t's Whi'ch “upon a resinous

framewor ket 9. BraY 786, defdieriy o1 0RH59Y RaSciO& 41781408624 NesaRfhrch 5O oG @TP! e,
PCT Application WO 95127821, published Cctober 19, | 995 in the nane of

Chiu ° \)Stellje8t Jrakt al.;9500RTRRSABd R#rEN Y 9 API6! 16 3 roRRanOettal 7 5654, $3) issued
publ i shed Cctober 18, 1995 in the
May 7, 1996 to Trokhan et al.; 5,554,467, issued Sept. 10, 1996, to Trokhan et al.;

5,566,724, issued Oct. 22, 1996 to Trokhan et al.; 5,624,790, issued April 29, 1997 to
Trokhan et al.; 5,628,876, issued May 13, 1997 to Ayers et al., and 5,679,222 issued Oct.
21, 1997 to Rasch et al. all of which patents are incorporated herein by reference.
Papermaking using two belts is also known in the art. Each belt may have a
foraminous element and a patterned framework. One belt is used for the forming wire and
one is used for the drying belt. The art also teaches discrete pattern elements in the
framework, particularly for the forming wire. Suitable examples are found in commonly
assigned U.S. Patents 5,503,715 issued April 2, 1996 to Trokhan et al. and 5,614,061

issued March 25, 1997 to Phan et al., which patents are incorporated herein by reference.
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names of Wendt et al. disclose through drying fabrics which all egedl .
inmpart significantly increased cross direction extensibil 2§ PE¢RMEER2002
resulting product, while at the sane tine allegedly al so delivering high
bul k. Suchwbabgigs may have a top | ayer domi nated by | ong Vﬁfﬂuﬁﬁ%wses’
and no top surface shute knuckles. Many of these |ong warp knuckl'eS have no
supporting shutes underneath for resi$tance to conpression which occurs
during papernaking, particularly during inmprinting. The disclosures of the
Wendt and Chiu applications are incorporated herein by reference for the
limted purp, hoyu Ki fabrics ving a
jacquard-likgﬁﬁégég%p§¥?@§%hggg%grﬁg |ﬁg%$§%g?€s DR %Pgﬁbﬁ%“Fﬂﬁh1or a

mul ti pl efrlAENeESatl ROBVBYh&@lpe s Gl foifod© iR §he sl al ned
i nvention. Likew se, clothi r?gﬁ\?\oven on m)l{r?%ﬁst élﬁé’l‘ggﬁ %Srrftgra jouy glsmsat

sui t abl eserads d4se rothfofcihd) StrGdtae B thd Y&MIuS Trantddor! Oﬁ{eeﬂ%tgggﬁeg:g?lgxgﬁg%st h

i nherent to this approach, or any approach havi ng warps

| ong unsprppidet deflspidnscondsitd &l @abryoicokvetshguiy B ﬁ&ﬂen%%hﬁﬁ)ro%%i {&Fﬂ the
paper maki ng process. Such deflection may prevent the fabric fromtully

| mpr i nt i imprinteea thaghe densi®p |pattpmeomd thdrpaser FommdtDthetdbly. Nane dendebat SLIGES
effect on the enbryonic web, likely reducing its bulk. Inprinting iIncreases
fi ber -t ongy bedistreted samjcentihupas ¢ryqontiaidus. acconpl i shed in conjunction with a
Yankee drying drum but may al so be acconpli shed WO 99/ 67461 20 DECEMBER
2002 PCT/ USQS%EB@W’@“SW% havetbigen made ttaldesign dirbvgh air doyibg bals emschodo asher
rigid sur{aces. For exanple, extended nip presses or shoe presses may be
used forfnhad Fesyous %ﬁmemorlﬁ& prayidsedafleetinmeanduits by impooteths fpaper. nFor

[ [ th / st | ati hi f ti . Such i al
Cutcoss T, PEd ARAkai: BLeS 22EehruRbbeuocber15; Lison the naneopapirs | )
ted t nbi ' f . i ntj t he def] ecti dui ts. Wendt
ot ol pboni EQRREAT e B Aopishlon DB ke Grrober 16108 1 g
b ' 40t ; Jo. da it his, .\endt al. f t h
Vankee diens” draid el 4P b8 B Tleh ofindRebols uryelt Micaefly ssroentranty

i nf easi ; : LSt LNg: r.maki | ants which rel
upon a g{gﬁ[ﬁaesgﬂ d%%n%‘?{fgﬁ%% {(?agg%g{’ ettg)e&h?tﬁéesq1 #’%aﬁ‘g’dgg‘ Oc“ré}ggel.oatt BEUWWePH’(S’r e, Y

not cr epillegedlyelsdAeRVerim@ighbek! [Sudh ffﬁﬂrﬁzlg |rﬁag3gxlv.le "8p tla)%g 98@%3?6({(%? roinrg]e

direction stretch to the final product. In tion, the absence o
i pr i nt ewlrp kngdkiebe asd f Joprsaethed vhuld kiftick s eMAsy bF BRde 1dM§t»Oarg KRAAI& have
ov e

softness/strength rel ationship. Wndt et al. purport t rcome t

pr obl enmoasspportatgedhwted intiéraeah sfoncresisfaney &Piddghpddssinl QHRY ¥cARKI digingD
uncreped through air dried mcrocontracted sheet. Mcrocontraction i S known

f r om corf@penmakings ipgrisalagy Slurfrgt anprinting4 0 The MisdlasntdoPite Wehdt 1a884Ckia Vel | s
et al., whjich patent is incorporated herein by reference. Mcrocontraction
occurs ARBHCAURBS grgpegorpasated hersindy referenasifomthe distited puopdsa@f Shawsing hakbirdoc)
such as a,formng wire, to a slower noving second fabric, such as a through
dryi ng ke Rapgimiaking fbeics hayigg 4 jacqyardiike wgave matierme onRapaonilsng ifatrassent | y
slows th aper i,n rocess to the linmiting speed of the slower moving -
fabric. _‘%f"%%ﬂ&ﬁ@é’@&%&%‘f‘ﬂ@% %B%Sé%% r“%é’s‘é%o b suitabla fastuseraitif et ur e
and |1 mcia%m%" ?nv%gggxg nﬁmeov%e?glgﬁl\%gt \Yvoggn gr??nogg?ygllcrﬁﬁc}/omsl\ﬂmg; 2&gnl)tersal.l(l;ttall)lgn of

for use with the claimed invention.

One problem which appears inherent to this approach, or any approach having warps

(or shutes) with long unsupported spans, is deflection of the warps (or shutes) during the

papermaking process. Such deflection may prevent the fabric from fully imprinting the

paper. Collapse of the clothing will have a deleterious effect on the embryonic web, likely

reducing its bulk. Imprinting increases fiber-to-fiber bonding and is typically

accomplished in conjunction with a Yankee drying drum, but may also be accomplished



t te paper also tends to deteriorate softness and tensile stren%th. A

di fferent problemknown in the art and associated with thrORFCEMPER €109 ng
belts is sleaziness. Sleaziness refers to novenment of warp and shute yarns
wi t hi n t hewplamsescof the belt relative to each other. Sl eazi mepwsIIS780ft en
occurs with high shed count fabrics. This problemis exacerbated in those
fabrics having long floats, as illustrated in the WO 99/ 67461 4 20
DECEMBER 2002 , PCT/US99/ 13078 af orenenti oned Wendt et al. application.
Furthernore, fabrics having | ow density (high projected open area or high
voi d vol with othemstablgrrellflis gombiationsoorsdtbar ripelssirfaced| BomsexaBipde zdxtarisd can
also occur with nufti-layer fabrics. Mifti-layer fabrics include dual |ayer
fabrics dipiprepscppeshogpsessesapy be usebifar imprjtingt dpwrinting heebenaokwacroaliys
tied together by the shutes or vice versa. A triple |ayer fabric has,

i ndependehecessfilsin yperoxisgohe softpessistpngth diskionship afatissue. o-Jushecanemerciabnshi p
and held in El acg bé Lhige yans. In a nuftj-layer fabric sleaziness can occur
Wi th noveHessss b dinle thgyronsyper; aceptange; of mUItqalen {1Sue RapgisHaraled PErthef t he
fabric and/or w t h.novenent gf \Erﬂ s. and ahut es relative to other warps and
shut es wiPRPHRafipRotimprmting apd the deflscrign condy

YHbl em known in the art and

associ at ed wh r ek el. IS am st rengtk brics de on
convent i onal VP%%*? ngp agrg&g(ég%%%vql%ﬁﬁrp&)/@gl@ agﬁocézﬁﬁi?gz@ %@F‘E“O&ﬁf{@ﬁ PRLPY yse
i n paper £ NG ihSt e [ i [ ' - '
t ensi on :@kkﬂ%\}\% sehggg&&ét?gr?gﬁﬁg’ gg%{l%'t gt? %fentg{}:ﬁgﬁlslé ggﬁk?e{:ﬂ{@% §R@’£r:ab$cal
in the afaraiEpidranpd HEREVESHRAN TSR 8 fﬂnﬁgﬁﬂe%ymesnarée%ﬂ%?%'f%sﬂﬁg I ong
floats. Accordingly, in one aspect, this invention rmay provide a
haper makipagerifaking P @hich ¢l uBsn a0RAIES dtlyIheSURROGIBRPIAE theMRyihPprdgsOf the
\phper. Furthernore, in one aspect, this invention may provide a paper nmaki ng
bel t haviRugtheinidigr ndtotrgpingrthe kpapek kas makeniy difficuit lonUﬁ[}fdre&decPﬁtebﬁfabﬂithi ch
are adequately supported. In one aspect, this invention may further provide
such a belirectrdn stietahatio the fingleptodiidth [m additikeethd rapsange of impanted (igh dersyd f or
inmprinting the tissue. Further, in one aspect, this invention may provide
for bot h regipaf aftenayelds tgste mithta pdozgrsefipespairendth rejathaiship. havi ng mi ti gat ed
sl eaziness for a particular weave. SUVMARY OF | NVENTI ON The invention
conprises a papEltaea PIPHEIQ overepmgihp PFabhRNH asspeiried pith the abysneq pff aering| ane

and a bacgksi opposed .to the top surface plane. ,The belt conprises a
fabric h in:gﬁ:&e‘gﬁur‘ﬁ 't ar i%jﬁﬂﬁgvéﬁ“’yﬁ nd!f Tﬂf—!e el“i““ioﬁ‘i"%tf?éfedpo ft ses a
plurali tm&Fo%hggﬁg?%}ﬁﬁégﬁgéﬁo%?y Ilsrsgqul]eg &é%&t%l4,ﬁ6%9 ,O isSue If{grﬁll end.

The prox

1984 to Wells et al., which patent is incorporated herein by reference. Microcontraction
occurs when the paper is transferred from a faster moving first fabric, such as a forming
wire, to a slower moving second fabric, such as a through drying fabric or a transfer fabric.
However, microcontraction inherently slows the papermaking process to the limiting speed
of the slower moving fabric. Slowing the papermaking process increases the cost of
manufacture and limits the papermaking capacity of the machinery. Microcontraction of
the paper also tends to deteriorate softness and tensile strength.

A different problem known in the art and associated with through air drying belts is
sleaziness. Sleaziness refers to movement of warp and shute yarns within the plane of the
belt relative to each other. Sleaziness most often occurs with high shed count fabrics. This

problem is exacerbated in those fabrics having long floats, as illustrated in the



20 DECEMBER 2002 WD, 991 67461 5 PCT/ US99I1 13078 wi th t he backsi de é ista
end. The distal end is internedi ate the backsi de and the ﬁ@ﬁﬁgﬁv %ﬁ%m | ane
of the belt. The pile may intercept a yarn, whereby the pile supports the
yarn from debleggisspn due to conpressive | oads applied perpengtrusanea the
pl ane of the belt, said belt being selected fromthe group consisting of a
formng wire, a backing wire for a twindire former, a transfer fabric, a
base for a press felt) and a through drying fabric. This invention al so
conprises a papermaking belt having a top surtace plane and a backside

opposed t hgpetRntsRiddwRakd etcgnplg%}&gaanl frumpfrh& héw.gsgh@vupg W'da&xwo(fhgh

interwoven yarns; and a plural each sai I'e” exten

proxi mal  epdjebted bparsRs ohigh Vo abmaqaweﬁkeestaee as&lffn%h@ko ﬁsﬁime%@bx@bréhﬁst al end
bei ng |nterned|ate sai d backside and said top surface plane) said pile

i ntercepting aSlydiness WeaRdHvcsR WitRinhwitidaye fabrid. CNZ[hl!mﬁyéxUQBﬂEsi inBmids aludi
yarn from defl ection due to conpressive | oads applied perpendicular to the
pl ane of tlagerlfabrics anditiplbédyer fbricg Beahldayeadabricshathaagied warponsi opéther Bf a
formng wire a backing wire for atwin wire former, a transfer fabric) a
base for athprskstss foelvige merea.a A hripleglayelr fabng Haalkindependdne fastnasiasedond ll@zrar e
discrete. This invention further provides a nulti-Ilayer papernaking belt
having a tjoptapesefldoefapi-tntacandatonsairk shdidelsbjpoplack bhdiceyams.sdna inelti-layer
conprising; a first plurality of yarns woven to forma first |ayer defining
said top sigbriggleaznessesan geascuil nsivergnt of ons layer eisthadelsic retativerentle atdeond
| ayer defining gl? backsi de,. said first_layer and said second | ayer belng
joi ned i n lagreniithe %P(E'é ang{osyighmoyrgent of YRS 2 stepialaiye te Ather praressand

ext endi ng llﬁﬁhﬁ } ends juxtaposed with said backside to distal ends, )
sai d di stai™ hr‘?ﬁaf“ﬁtl%yrfﬁedl ate sai d backside and said top surface -

i rot 1 ayer 1 Y AREREERID knfT E%%esdé%"ssc’r'%t'sél%'ﬁivbﬁ?f?fgﬁ%e*}%&ahsdfe@m ar
to the pI '%B‘gﬁfht t p?b ('% lltg‘e(lhjt BH%%EMPJ}%I tl(})]drﬁs Févgé?iﬁe(antopérﬁwdge @Tll(dleSé belt

paper maki ng sai aving a top surface plane

opposed t her@ahR, fom{ PBlierROERE Sta erfylrféchlr@yﬁfe G hifike SR (BRI b

having a first plura inafirst layer and a secon

yarns in aefg6®nd k@wy{ ;as25hnd i@ﬂeH%ﬁ' I tS’ed?rfl wehgﬁa RO thafich RIS eguéamtmamdé y
beyond 20 DECEMBER 2002 5a said top surface plane, said piles having

pr oxi mal emﬁ:mdnﬁbmedcsvﬁatvmgstagmsmdmmwelmdemaﬂaemgmamrtl ons of said
fsrst plurality of yarns with portions of said second plurality of yarns
regi stered ther Avddrdiinglyhér efxy agpactd thps imendon ney providemapaperppdintg bedt seving
first pluralit yarns and said second plurality of yarns fromdeflection
rel ative tlonusk ha@qqmetelﬁwmﬁed:&wmsgtmgwftbacwgpfapﬁurtbmm peaEk apeetr thio
the plane of the belt. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a top

pl an vi ew @Wertiogenay REQOIR m@p@@akhe prlebaving .eﬁb@nlpn@wvarnrukguckm dong shute
vertical sectional view taken a es 2-2 of Fib. 1|, d having piles
wi th proxi kiexiEmqer E%ﬁ%n&h&éh@ret ?fgeqsafelasﬁwoatf d¢ He one espsﬁdn*a S BRYSBUGR tRAY he
pr oxi mal ed00|n01 ent the Ian he, sego er .of the fabric.
e i ot ai REHEOPEFERLCh E Gl e gafb S PbroEatr H&ﬁ/ B TR A OIS RiSPBt
are juxtappsed w end of t

ot ox i ol et e fisste TS i 8%, ?saeﬁta g B sBorL ) PloyRie B bB sl «
the sub-to f at
the conti oy Sy RRRiHEe pap B EkipiHRs Y Higighied U g on GRPRAE SRl
vertical sectional view of an alternatlve enbodlnent according to the
present invention showi ng a fabric weavable on a jacquard | oom and havi ng

the proxi mal SUMMARY OF INVENTION

The invention comprises a papermaking belt. The papermaking belt has a top
surface plane and a backside opposed to the top surface plane. The belt comprises a fabric
having a plurality of interwoven yarns. The belt further comprises a plurality of piles, each

pile extends from a proximal end to a distal end. The proximal end may be juxtaposed



end of the pile coincident the first layer of the fabric 2@#%“{ nuckl e.
Fig. 4 is a vertical sectional view of an alternative enb accordl ng
to the present invention showing a nmufti-layer fabric having adj unct tie
yarns, with f rst piles 20 DECEMBER 2002 , WD 99167461 6 PCT/ US99I 13078
havi ng t WD Hal and distal ends juxtaposed with the ni dBGI/HAXIIGIS t he
two | ayers of the fabric, and second psl es having the proximal ends

j uxt aposed with the backsi de of the belt. Fi g. ~is a vertical sectional
view taken along lines 5-~ of Fig. 3. DETAILED DESCRI PTI ON OF THE | NVENTI ON

navi L e Badkots 10:a L BRECH oisBY BRI RusifiERles B PoRBBRIAR A g0 ' *°
i nt er swriaen pjarens t3Obell ﬁé\eynlensaﬁmte:rmmral YeEn Mqrebﬁmeanlé s&dppﬁllm; thfélyarré ction

P pelioasfsBhart B o, bhh 5 (R ipbdattibl S Ph Al b AR e haBerteli: ng

bel t ;ﬂﬂd b?g bkb?gaseﬂented frgmvihe egroap bmskstm? ofia forhing weire, va hammrrgew]irggqrsﬁ 'zli'he

bapor Wikrig ! s aztsg&?% raffic. & 38 Pl 48 g@da%%ﬁ dﬁv o 505 1 aor i c,

alth?nlg%hlt h ﬁ reco nlzedt at Otgh exe ut| q%‘/%?flblefor t he
cl ai medSiPNFEHPR 8 °°?H5’“8% ?PEBeE&'& ?VH‘% 8ﬁtp on is

macr obacksldead gpypsem hepdtansaid bdtheompasieg:of fablie hbehg aZiDertﬁ;/ iofi kgerivagencY

di rectlons d{Der pendi cul ar to the XY directions and plane of the belt ?0 is
the ZYUMPe4 on of the belt. Likewise, the paper nade on the belt 20

accor diphgalitp of pilespesshesHid 'pina/eitéh@ng frasn doﬁrdsdmalginﬁ jottapssenpgittosgdpi cal |y

andt eeHGta 48 Apenit R sl Sl S5t BBABS S BhetS 8t S o aper maki ng
bel t Abfaek plarg, shidqild wﬂemstirkgmqkdremhaﬁgbyaadj pilecdats adb b eolunmgsupporting

said yarn from deflection due to compressive loads applied perpendicular to the plane of the

belt, said belt being selected from the group consisting of a forming wire a backing wire for a

twin wire former, a transfer fabric, a base for a press felt, and a through drying fabric,

wherein said piles are discrete.

This invention further provides a multi-layer papermaking belt having a top surface plane
and a backside opposed thereto, said belt comprising:
+ a first plurality of yarns woven to form a first layer defining said top surface plane;
a second plurality of yarns woven to form a second layer defining said backside, said first
layer and said second layer being joined in face-to-face relation; and
a plurality of piles, said piles extending from proximal ends juxtaposed with said backside to
distal ends, said distal ends being intermediate said backside and said top surface plane,
whereby said piles act as columns supporting said yarns of said first layer from deflection

due to compressive loads applied perpendicular to the plane of the belt.

In addition, this invention provides a papermaking belt, said belt having a top surface plane
and a backside opposed thereto, said belt comprising:

a multi-layer fabric, said fabric having a first plurality of yams in a first layer and a second
plurality of yarns in a second layer; and a plurality of piles not extending outwardly beyond



knuckl es 36 which inpart the aforenentioned inpressions. A "knuckle" refers
to any paper-contacting yarn in the top surface plane 24. ADPEGRMBERRO®K] e"
refers to the knuckle of a warp 32 or shute 34 having a |length sufficient
to cross two or nore shutes 34 or warps 32, respectively. The "top surface
pl ane 24" of the belt 20 refers to the paper contacting surface of the belt
20. Conversely, the "backside 26" of the belt 20 is the machi ne contacting
surface of the belt 20. Za OECE~nasz Zoaz WO 99Jb74bl 7 PCTIil S99113078
The pager tm':lde on tlhe bel %g and accordi ”ﬂ to the process of the present

i nvent PON PRRYITET LA, 28|dPiksi YInIronigal §N99 futapeses avithssaidh backsidesand and
3-300 paredeeti@p pyrtidhs bb shid Tstkgiukilyeofl YIS Woth QAR ofSSBIATBchRE BlLAdlfy Bpr €

preferably 10 to knuckl e ipressi.ons per square inch. Each 1npression
bor r o ORMLST oA dners il whietsRl sBatrigr mohad op ety PROWRA G 56
pr ef erafbyams ang daitsédand3pluiantyt dfeydrap elorm kensctiBr | blafide o dabf JIMGSEN o
i nvent | on. I reco the warps 32 and shutes 34 may be

t i1s to be nize hat
cor por a?'@?r?s%\‘%@?‘a%ap‘ﬁﬁdé)eb%"fj@‘%rhﬁ‘@rp‘?%?fitﬁ? bellhe paper with relatively
conpl ex indicia such as Christmas trees, fish, butterflies) flowers, etc.
More conpl ex indicia may be created by weaving the fabric 22 on a jacquard
or dobby Loom Conplex indicia nay al so be woven on a hi gh harness count
| oom or a | oom having one or nore heddle frames as are known in the art.
Far exanple, a 24 hagﬁ&gﬂ&ﬁﬁﬂlﬁ@ﬂﬁwous fabrics 22 may be
used for Fhe belt 2Q according to the present invention. Suitable single
layer fabfi%d 93 9pRlan yisHfiabediieseiding tadhe prescnt (nvdntidlat ent s 3, 905, 863
i ssued Sepfenber 16. 19?25 to Ayers and 4,239, 06S issued December 16, 1980,
to Trokhan® wh Ahvphsal seionak viesc ke plonadings 2e? af Bie. rlefasd dugimg Gteser

it | i-ncl L= f [ 22, I f dt
Gl A8 AP Sl e R ¥alkside e At apcn 46 vilhaibd proiet ending (o

Fi 0 4eoiffi8edt) - ti ver. fabric .the yarns 30 woven together to
form ?Oﬁdep%lﬁégﬁtnggi‘{@{e %Fntlcri‘@ssgé%nr?gg %S/%lféleg‘g?“@%hﬂfggél tifsepfsthe pilesa ar e
tied K@t fekindl ehds&si aitonship. A first plurality of yarns 34
is woven tgk@ft)rmet]hegg‘@&r]g%rﬁﬁg?/[éfék%?%g%w’élx%p?ssefi ‘T'Q}/g\ﬁq‘@ﬁ‘c Fs-t%Be fligiic 22 is

j uxt agasetithel pile BRGnd (HRf srof f surfa | ane 24 of. the belt
20. A second %I ur al igtoy oﬁyﬁ%s@f@?%ﬁggﬁé ?rgd‘?l(g)?emofﬁ%eoge&?% aAYEyRr sS4 of

t he fjabtapasedvitiiie sbaopdufanefirsByef e joC 22§ St S ith and
preferably defines the gacksi de 26 y‘é‘f Y%Iﬂe [ft{)%{g%deg’ol??ﬂ?eb% %églag%‘i;g]ﬂwsz and
secorthe renfigurgibnativsttaeed inlffig 2 Rdy #k gevepicaed t oget her in faceto-face
relationship using tie yarns 30, as is well known in the art. The top
surface diigné ig4 vertict sckéomd vA6y arfeant lusnarki arsbdienhge BN 8 lye Or i ented
surfaces of the first and second 20 DECEMBER 2002

present invention showing a fabric weavable on a Jacquard loom and having the proximal

end of the pile coincident the first layer of the fabric below the knuckle.
Fig. 4 is a vertical sectional view of an alternative embodiment according to the

present invention showing a multi-layer fabric having adjunct tie yarns, with first piles



WO 991 67461 8 PCT/US99/ 13078 | ayers 52. 54, respectively of the nmufti-I|ayer
fabric 22. Either integral or adjunct tie yarns 30 may be?OQSEEMBE? 249 ning -
the two | ayers 52. 54. Referrinc to Figs. 1 and 2, another type of
nuf ti - | ayavobedmeéic 22 has the yarns woven toget her w t hout FOTAEIeMHEMt
first and second | ayers 52, 54. In such fabrics, the first plurality of
yarns 30 di sposed closest to the top surface plane 24 of the belt act as an
apparent first layer 52 providing support for the paper disposed thereon. A
second plurality of yarns 30 is disposed closest to the backside 26 of the
fabric 2%havibaehsporinthi phdididtal biydsdlixtipssed vaet the asid PlarBRARNMVoSIBFRO S hayer
54, providing a nmachine contacting surface and support for any yans 30
di sposed falviy, eadbsecend pitesdavingitier prakinva cadbpdiapesid Wil tipi YaeksidOofay batlet onl y
augnent but replace the tie yarns 30. Upon curing the piles 40 may hold the
first and sedogd ik ayertcalsReticigl wiew takemalbuog linesy/ed of Ag.i3c 22 in the face to
face relation without relying upon the tie yarns 30. Suitable nufti-I|ayer
fabrics 22 are disclosed in conmonly assigned U S. Patents 5, 664, 724 issued
Cct. 22, 1996 to Trokhan et al.:. S, 500, 277 issued Mach 19, 1996 to Trokhan
et al.. 5 496, 624 i ssudlARED BESCRIBTIONQETHEINVENTION 4 .~ whi ch pat ent s
are incorporat?d ,here'gn l?y reference. Still referring to,Fig. 2 )
reinforcing pra@Engde Kige Lafhisinresgnt Bvaptionogomprises anapeanaking bely?Q haine g
above. or_ 10 any other suitable fafhrig,22. Fach pile 40 extends from a
o oxt il DS 328 rRoaTEE et A0n; s b6 o arme RS AR e RS e B8 of
the belt 20 tg a distal end,44., The di,stal .e 44 of the pile.40,.mm
|t er cept e fODREE ek 2 End shUEs aPRaEPRY S3erti Wiftelhadite SRR ¢ e
distal e : i t extend outside, or above, the top -
P cfhs RachiiF aRb R, ol Bl )

pl ane 24 a ernatirvely stated, the distal ends 44 of the

piles 40 are 1hRt&haRdL i th&lsrefs&ﬁ,iﬁwnfnaﬁemeI;ﬁp@m%ﬂi.@%utmmla_a%%ifgf.w%@ of

the fabric 23. By "internediate” it is neant the distal end 44 of e pile
40 is di S\Pﬁé_ﬁhdoa‘él%ﬁ%ﬁﬁ?e fdhe WAk ke ted®raer, andadseR BBHJ ACKP If@NE preds fel@c Ri | es
40 may conprise a rramework having an essentially continuous pattern, as
i |l ustratdfbugh dirfifig Fhiice "FhE ipap&thaking beic Q0pwitiabedistusSed Baidntas 4, o859, a
sem cont i nuous 20 DECEMBER 2002 WO 99/ 6746l

drying fabric, although it is to be recognized that other executions are teasible for the

claimed invention.

The belt 20 according to the present invention is macroscopically monoplanar. The
plane of the belt 20 defines the XY directions. Perpendicular to the XY directions and
plane of the belt 20 is the Z-direction of the belt. Likewise. the paper made on the belt 20
according to the present invention may be thought of as macroscopically mono-planar and
lying in an XY plane. Perpendicular to the XY directions and the plane of the paper is the
Z-direction of the paper.

The papermaking belt 20 of Fig. 1 and 2 has knuckles 36, and preferably long
knuckles 36 which impart the aforementioned impressions. A "knuckle" refers to any
paper-contacting yarn in the top surface plane 24. A "long knuckle" refers to the knuckle
of a warp 32 or shute 34 having a length sufficient to cross two or more shutes 34 or warps
32, respectively. The "top surface plane 24" of the belt 20 refers to the paper contacting
surface of the belt 20. Conversely, the "backside 26" of the belt 20 is the machine

contacting surface of the belt 20.



O

002
9 PCT/ US99/ 13078 pattern as illustrated in the afor w@&ﬁﬁ”@ﬁ%a and

incorporated U S. Patent i.628.876. or preferably in a diggift® pattern as
illustrated in the aforementi oned and i ncor porat ed Urs™Batent s 4,514, 345
and 5, 245, 025. Discrete patterns are preferred For the reinforcing piles
40, bec&kﬁg‘di screte patterns cam provide the | east obstruction to air flow
throﬂ"éh he belt 20 for a given anount of support to the knuckles 36.
Furthernore, discrete piles 40 are readily disposed in po{gi-“&ﬂ@nto support
the knuckles 36, in positions intern~ed 3&@ teskofubk PESSEEY or i n

conbi nati ons thereof. Ienb mmwoa\é‘éﬁo}" ing to the gri oererg\;w,mttbe

f r amewor k, exdpenthede on i Toove the top \lgﬁglﬁ\eﬁér. irtde3-BEHPTEESSY "Such
arrangenents are co tergquoa&)em gramisePch it de t he present \quﬁ‘?fﬁs’siom It is

pr ef erre‘givygaiasilsov%‘é fsupported warp 32 rgggabwm@%h‘j“ KickFes 36 are
suppd?®ed by t he piles 4 waByintuaedPEBT'ed” it is rreantni)wdddcb)s%r uct ur al
el eme mcméespmﬁs“ﬂ@tpwee t he knucrgi §§ tﬁ@pagidott ped PAIANEe of the fabric 22
to resist conpressi q\n-‘,@reishﬁ\ EoTCRSRPES3E I nt he di reﬁegg@ panpersFtul ar to
the pl anguek intte B&FL"270. althouggéi,;llh {8 papertb@kigcByni zed t hat
sub-t8psurface cr os%ga\{@yr sO‘t};ay.n'é‘%i\% erein a shute 34 or warp 32 crosses
under ﬁngdkriﬁcik\ldeprﬁ Wt hout contacting or resisting conpressi Qndof t he
knuckl e 36. According to the present invention, abgicj) Of?ﬂ@elymsb"b? dPesent
bet weepyédienbot t om si de of the knugklgad3Ruendt P "Backsi de 26 of the belt
20. The pile 40Q s%&%}q\qgea b WETRI’E "36. Such su ‘gg\gchfgrsdihrtsﬁ%asdﬁ &s 40
mni m zes Bés 1%t o of the knucglﬂaa mmp‘ew}ﬁﬁ essive | oads ?M ed
per pendi cul ar to‘hgrg -ﬂmmaﬁf‘ﬁﬁ elt 20. Pr ferrg%&(yb a&eﬂﬂ%lm?g‘%

pr esentapméh‘ﬁ“fi , tO suppog& thgméygqudieisl%, ep%\r Icu arlyhtzgti\e 4&@@

knuckl es 36. tgespﬁé\e@s.ﬁm-d Fot ekt end above t\hgbgmv@d amé % t he
fabric fgh. SRHEEHEh an ar r angement bieg yditiagn?0o*fieed only ext end,f rpen t he
backsi de 26 of 1heqbadeiby 199 o~an el evat OEI{ %’?@'&ﬁakh\elﬂmﬂs‘t“a‘l “énd 44 is

bel ow 0”22 h¥Tdent the to s&{gf@fc,aom BeddlOU?BT" the belt 20. It is to be
recogni zed tPO%B\& pildeen HVIREY be used to support any portion of any yarn
30, and ‘f?&?“t cularly the E‘%F\%iggs‘g{abmch yarn 30 which forrrgnp%&enﬁén.t he
20 DECEMBER 20Q24\War@ss 69 10 PCT/ usg%%g%%cé@mngu@ﬁ%&@ep"l ane 24 of the
fabric 28 Hovever. it 5263@&1 peusd fondhe “piles 40 w |l g@f%nm%i"%@f ul
supporting t Rgyrilsau Elones - and particul a(,%(ﬁoﬁl?%ﬁg“@ ¥rudkiTes 36, of the
fabric ' _"'?. More R)reffrbz?-\lg%)ma dro o ¥nt®"the piles 40 f‘ﬁomgﬁ)pfdﬁmbh%’art of
the inpri gl BRt degie ¥FT the belt 20, tﬁr:gggjdsqguémwﬂfé\’?d tom the backside
26 of the™belt 20 to %1 @l-,g\(@t;\iyeﬁ‘@éi ent the md-plane 60 of the warps
32 or shutisxg&d%hpwm@h orm t he knuckl e erg’lﬁle- The m d-plane 60 is that \%{)ane
t hrough the center (re&ggﬁ}&sﬁhcﬁ“b@%? -sectional sha\_ﬁl% \gfreﬁehed%?srp

conpri si ngytitlep#enit®FE 36, This a‘rzéﬁa&%ﬁ Dér faboresl s YRS knuckl e 36 in Jehe
top surface plane 243&{3 fw}esﬁélmc‘ I'l e providi Rgfe?rirféoloum oonePEt

defl ection of ©Wer Akl e 36. The pi lne (% 2ahd 4as col'um, conpressiyfl Y
supporting the,knkjclétgab;ﬁ@sa@aﬁh 0Vfthe 3: acksi de 26 af joherelefialtis} ¥°22, " and
ul ti mat el yaa@éﬁ\iﬂ% the paper maki n 3@%bém@g¢h8ﬁ1‘8;}§frﬁ ng the fabric %fzﬁrst
According to the %%&%EWHNMY% ,~ the weave of tf&%_tghﬁ@ughﬁei‘séﬁ‘pr‘ig abric
22)f or ms t heukin@¥kI'es 36 and hes:}c?ta@@ﬁkmwﬁé‘h pattern. if « BActhe
paper. It is to ) equgse lagersStXrat’, additi onal 'é’ fnd Hifst fager 5%%3?%? pattern
may be provided By having a pat ttgrfgﬁﬁlt\fer Gt WYY Lol nei dent thelﬁbeﬁagei:@m of
t he knuckl es 36\-é§fofg£‘rﬂsw’is‘§w% e plane 24. Sg%@e Anatlot the k& “pai t er ned
framewor k mBEY vade accor di ??g} tggd@ﬁi{esdﬁeiwu of enent i oned, The second

i ncor por at ed, U. %a ogéat\enhsndl?f@ ? o 1.628. 876:d \%legr of-the 4884%% a5 | s known
in the art. 1BV P o form the secon de 26 of the

- | ed with and preferabl
he

layer 54 of t
belt 20. The first lay

0 the

yarns 30 is woven t y defines the packst

fabric 22 is juxtapos - fabric 22
er 52 and second layer 54 of t The top surface plane 24
. n‘
i 11 known 10 the a )
o e yarns 30,8818 we st and secon
to-face relationship using He ¥ h utwardly oriented surfaces of the
Jefined by the ©

and backside 16 are thus



The piles 40 may be provided and installed in the belt 20 in one or nore of
several manners. The piles 40 may conprise resin. The re§PREﬁ§NBﬁ§§O@ﬁred by
actinic radiation. may be thermally cured, or cured by any other suitable
means. | nWOW&/6T46f st nanner, the liquid resin, the fabric 2BCTHAY/1A0Hask
havi ng transparent and opaque regions gare provided, as disclosed in the

af orenenti oned and incorporated U S. Patents 4.514,34: 49g28.239; 5.098, 527?;
5.275,700; and i.334,289. The mask has transparent regions registered with
the desired | ocations of the piles 40, and o a%ue regions where it is

desi red lapers £8. Havesppitivedy ﬂf)l.hem'dtlfla]fﬁfifébngs ithereintsachl jon adjliact| tiequaras
resin. The resin is then provided to_a depth sufficient to support the

desi r ed 3famay 8o usadtfopupining disdavo laygs HEGHVBER 2002 WO 991 67461

PCT/ US99/ 13078. not extend abave the top plane 24 qof the fabric ?'?. The
resin is thehClEBNEdO] h%soqpﬁnae% angshsistyF of midiudivien fabeis 23rhgs dierarmonegen

b1 os. agopnchB e PaEpeen fish St GeRGIRTRTHD T off ARt Srees apecidt ho
e x. v pOey 55 TBR¢ 5Pl dordCRbe oo p R 4 oL IBB L et ons
of tho rabprent Sy Gl 2l Blnd Gl & nepfod ey S RbT R RERHHIG, PR
b A R R T R R I R s A5 e

of the MAgks BBY B’ KParh€ 8 fkferl 8 ot NG BfeSQneidtiRg lsuMh&URd V. Or
by creating a Moire interference pattern. To create such a Mire

i nt erf er gppert PatdngrvamstInedisposkd iherdabews.i nted with transparent regions 1\ )
registered with the size, pitch and overall geonmetry of the |ong knuckl es
36. The transpar drmategieaitdanenttthe piléedld aiagrma oniyt fugheah bknieplebeshedde i N a
position which mnimzes the interference pattern at the knuckles 36. It is
t o be unyrnsfood/pdnaturingetheqnlys Kifumky deld the Hrst ang setondriayas 52 ohé offthd he
yarns 30, where one desires to dispose piles 40 at a particular XY position
shoul d bautti-lasiepfabua?? irothe Hacede faagirelation wathpurrelytg tipanrthe §p aamepd ). al | ows
for sufficient. curing of any photosensitive resin therebeneath. If a

nufti- | ayer Puitbie mtilayey Jalrias; 3% ardisplosedoin commanty apsigned V. RS i n
h , d, | 4 | ural j f 0. Th
épiqgret yatpﬁigéfia‘%ﬁm ﬁ?ﬁ%él%%%f{éhﬁﬁ‘%@eﬁﬁ ia&fﬁ%@%ﬁt ireledaehdh. liaéd;q,gf
! | . 5 LA . ;
woh o oFtERaR & A sudfast’ SieHaVEh Polfenls SaliRhdf o SRRl Sone of

ordi nary: ski | | . I the yans 30 in either layer 52, 54 of a
mul til ay%‘?&kgtart%,&cﬂéﬁlk%&qgﬁ%a&s%r ns 30 of a single |layer fabric 22 may be

opaque, if degii refridd «f PRL MBI binrstingPiRs I RP LR Agplidd8 anl N6 HBYGKIG@S286 My
provi de for trarﬁsmrrésglf on o t’hre heatn,@bév:hisl e the tlher raggi ons g? tlhe fabric

22 i nsul gk&uskdeaioRe! &t thrRNJtR shRMle fARVEN EAS pile 40 extends from a proximal }

end 42 juxtaposed with, or even coincident, the backside 26 of the belt 20 to a distal end
44, The distal end 44 of the pile 40 may intercept one of the knuckles 36 of the fabric 22.
As discussed below. the distal ends 44 of the piles 40 do not extend outside, or above, the
top plane 24 of the fabric 22. Alternatively stated, the distal ends 44 of the piles 40 are
intermediate the top surface plane 24 and the backside 26 of the fabric 22. By
“intermediate” it is meant the distal end 44 of the pile 40 is disposed between the backside
26 and top surface plane 24.

The piles 40 may comprise a framework having an essentially continuous pattern, as

illustrated in the aforementioned and incorporated U.S. Patent 4,637,859, a semicontinuous
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whi ch remains uncured, either fromactinic radiation or MYAECEMBER 20
washed avvaV%I b%/ showers, providing flow through area in the fabri &Iﬁ}is It is
i npor t ant WRAY6¥He paper making belt 20 allows sufficient aif© 40W ¥ t hat
efficient drying is obtained. Alternatpvely, uncured resin can be

sel ectively vacuuned or air knifed with positive pressure fromthe fabric
22 prior to curing. Particularly, the resin nmay be sel ectively vacuuned
fromthe regions where piles 40 are not desired. Prophetically, such a
process wRI¢M asyilustrapiediin the aﬁﬁrerﬁ@mm&»ﬂgémfiomawwa@tqéeﬁﬁee%t%m@&-wm P& X-Y
pl ane. but wi H%{ al |%W resin to rfmai n which i s trapped between yarns 30
separ at e §fAaPeinA ¢FreCtRagA™ 28 Hiustale Vb&'f?.af?r?mf?%“%ti HelweampiptadnldS-

e
The backeuBRoRRCHS R st Sgn sRE e el SEL BT RL R FEVEH BroBPbn ool
coi nci denj, %p?i%%gﬁh%t%'sugﬁk@%e lggjcgl% 138, C‘i'lﬂ%% &, @gggig.eﬁleg% &@

simlarly app extern I ntroduced. Alternative i‘conponent

dual nel tr'hmyp&iswsea% NsosRnERY Appdts Gk mﬁcm@sa?fé.nm ls&ﬁiTJrr]lghme?m&ﬁm%ush

yarns 30 havé an external sheath and an internal core. core has a
hi gher nmalptitNg Miokin édmbinktmssigash. To make the belt 20 of the present
invention. first the fabric 22 is woven fromthe bi oconponent yans 30. The
fabric 22 is [hhge beits pasedin®io ahd pabr arftl G drdhdv R tik@nd S tP PP hbowUihkass W th
the backside 26 downwardly oriented. Heat is locally applied to the fabric
2) but Iplaniet @dthieofabhie 202e gbarts ajrangearpaseste viohteniphatek no bk | @gsi®6 theThesdigat

( lts the sheath of the yarns 30, at XY positions coincident the knuckl es
36 or anyngnhen. desired position. The nelted sheath material flows downward
to the horizontal support surface. The horizontal support surface acts as a
heat si nk. Tﬂbm),refpﬁ@? d1ee long umserRortsd wase 8P i(ef shhies)) kavakilese 6aarp isprponigd
bet ween the boftom OII,% t he knuclé es. 36 ang1 the backside 26 of the belt 20.
Ref er ri nd¥tBe Rilgist0- 3By ungygpasied’ it igimeanphabpo, siructyrak e iSRIepFE geiFeR he

or esont 1A ERIRIS e chn PRt e PSP B gt ey u vaigh g3

PCT] US98 SR TR o, Iy b e B 20! A 3233 58Sk eh0ka b

sub-topsurface crossovers may exist wherein a shute 34 or warp 32 crosses under the

knuckle 36 without contacting or resisting compression of the knuckle 36. According to
the present invention, a pile 40 may be present between the bottom side of the knuckle 36
and the backside 26 of the belt 20. The pile 40 supports the knuckle 36. Such support

] ) from the piles 40 minimizes deflection of the knuckle 36 under compressive loads applied
perpendicular to the plane of the belt 20.

Preferably, according to the present invention, to support the knuckles 36,
particularly the long knuckles 36. the piles 40 do not extend above the top plane 24 of the
fabric 22. In such an arrangement the piles 40 need only extend from the backside 26 of
the fabric 22 to an elevation where the distal end 44 is below or coincident the top surface
plane 24 of the belt 20. It is to be recognized that a pile 40 may be used to support any

portion of any yarn 30, and particularly the portion of such yarn 30 which forms part of the



need only extend between the yarns 30 conprising the first |ayer f the
fabric ?2 and the yarns 30 conprising the second | ayer 542{¢ MBEF?é%)?i c 22.°
Such a belt 20 may prophetically be nmade by first providing a suitable
mufti - Lay&rOPHeMelc 22. The fabric 22 is then backfilled to RGT&YELTEd
elevation with a renovable material. Sych renovable materials prevents
curing of the resin below the desired elevation. As used herein,
"elevation" refers to the Z-direction distance fromthe backside 26 of the
belt 20. towards the top plane 24 of the belt 20. Backfilling is disclosed
i n comomdyysutse ghaad 2W.086theHaben2d Ho829¢1084s belgsad thabkhe fiRs 40967 Heandstokhan
et al., and 5,674,663 issued Cct. 7) 1997 to McF arland et al.. which

pat ent s aseful suppepiogaheknuskice i o. and pasiaashcie oftgeknueklien 36.rafwhanvfaboh 22 he
piles 40 are forned is then provided to the desired elevation in the first

| ayer 52 of tMerepagferahiskinhprevemrthe pres 4G iwn &xyming part of 8 immdint patteracit i | |
mat eri al subsequently renpved. Fromthe discussion above, it will be
recogni z&ke belat20: e pHeH 40 Fxtednfipms thegbagksidg et 9f thanpelt 2 topnt ¢levatigpr i ¢
22 have a md-plane 60, Referring to Fig..5) in on articul ar enbodi nment,
the back CPIeIdsat BF i -Hlag\eépé\fiﬂ&e\%a% 33,% shisof ol HPEN thekckles 8- (e m-d
pl ane 60 af the rns 30 of .the second |ayer 54. Simlarly. the resin is

bt v ded g el s o Rt i oifang PR dptier fFBfnclk oF stosr Sesptoual HEPRTR Pane
60 of th a Of e ng. | r . c t Shn. t hen
orovi ded 8- 40 e By She S LRERETSo . AERpafee MepGOUIRE e RS I TE 8

| nter cept, (e ;{Eﬁir%'s%mﬂﬁﬁgé 9@ 8@5&%%{%\51%&1 l/a?éé)gl'irfxﬁ%o FefsisE P@ﬂécﬁgﬁ lof tl?ezkntu%ﬁh an

arrangenent vyi nuc ocal col ummar suppor or the

paper makisgg pgl Bil@go aoHC} S URRRM lcg?gtésmél?dsuﬁjﬁoﬁmg tﬁ@ghﬁ@@e 3k haggﬁspmeg 20)

defined by and between the first 52 of e belt 20 and t secon

llayer 54 paéksidie2d6f the mric@nﬁkﬁﬂﬁmé@el% QgslastaRd paREmAhFMachReky&ippbAmg of
the belt 20 are transferred fromthe first layer 52 through the piles 40 to

t he seconkk fadyien254, and ultinmately to the papernmaki ng nmachi nery contacting
t he backside 26 of the belt “'0. Such an enbodi ment provides the 20
DECEMBER 2002 d46rddey &/4h6 prebdnt ROVENUSA Ithe 3028 ¢ adl vianthagghalryinp dabrud 22 formisn t he
first layer ~2 while still reinforcing the knuckles 36 agai nst the second
| ayer 54.the knuckles 36 and hence the impression pattern. if any. on the paper. It is to be
recognized that. additionally, a further imprint pattern may be provided by having a
patterned framework coincident the elevation of the knuckles 36 of the top surface plane
24. Such an additional patterned framework may be made according to any of the
aforementioned and incorporated U.S. Patents 4.637.859: 5.628.876: and/or 5.143.345 as is
known in the art.
The piles 40 may be provided and installed in the belt 20 in one or more of several
manners. The piles 40 may comprise resin. The resin may be cured by actinic radiation.
may be thermally cured, or cured by any other suitable means.
In the first manner. the liquid resin, the fabric 22, and a mask having transparent and
opaque regions are provided. as disclosed in the aforementioned and incorporated U.S.
Patents 4.514,345: 4,528.239; 5.098.522; 5.275.700; and 5.334.289. The mask has
transparent regions registered with the desired locations of the piles 40, and opaque regions

where it is desired not to have piles 40. The fabric 22 is immersed in the liquid resin. The

resin is then provided to a depth sufficient to support the desired varn 30 but which does
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Réferring to Fig. 4. the proxinmal ends 42 of a first pluralit
may be juxtaposed with the backside 26 of the fabric 22. ﬁBPng%ﬁEﬁ{) yze sorre

of piles 40 nmay have the proximal ends 42 coincident the backside 26. The
proxi mal eWds994246df a second plurality of piles 40 nmay be jP&KTHPYSSH 8 t h
the second |ayer 54 of the fabric 22. The distal ends 44 of the piles 40
may have a common el evation (as shown) or nay be disposed at different

el evations. For exanple. the distal ends 44 of the first plurality of piles
40 may be coincident the top surface plane 24 of the belt 20 or coincident
the m d- phanext&@l above bte: top planerddsof3te fabrini2dg Thheedim isctkbe surdd intopiles $pased
at some other elevation. The elevations of the distal ends 44 of the other
pl ural i t yditioged E*stlm@fmyiebé%ﬁdsmi@é%l danl 431 f 0P 2HE3%UI VAT XN St274700hend

di stal ends 44 of irst plurality of piles 43. The arrangenent shown in
Fig. 4. hadfgspie éselmexl%%np}h@ﬁ?wﬂ P@ﬁagnwd bahtgi Ideqroxmakenls 43tof the

di fferent Ie atio ma be pro ed as follows. First, the resin which is
cured int® g ‘Ff'éiv‘i‘"r% é? 1dedPXtaiceas 13 5nown etha@Rt t he backsi de 26

f the bel ded d_depth d. Th d

s washed merhga??da%lnér? o e Pige %ﬁmé A erp U oA SR e he
The backr MRt R dfeien ATt S i SRR Bl Bert B [ GHRY 1
agai n Casrcu{} Jﬁﬁe §inliL & e&'ﬁ%'?heaﬁ?es% &%gsxﬂrxg‘&}‘qerc*}g 1Bl1£r?§mo gih'lﬁé{ krglgﬁpta%?ll

pr oxi mal | Spose ativ evatl on

22) (such, ,xsnmmgamme%uméqaemd%@smgmu) &l ) sordhes 9L vel )t he

process rra e rever sed ackfrl'l materia and the piles

0 having the_méq;@nydrem‘égloﬂa oflitBPafak nddy E&Qgrs@ér@d ] bhehbﬁl@%hu@dc%V%' on

y be cast first. The uncured resin and backfill material are then washed
away. Resiefihdrsvistigly, agtdgd ceating i dandird heediaekei sitterf Ofo thatel alkhi £ Mairénd
cured into piles 40 having proxi mal ends 42 coincident the backside 26 as
shown, or itte@resedpattermnite ahdskr isSpriepsinbd vathevratsparent regtins REGIERRARVRD GRe WO
99167461 1~ PCT/US99113078 The pre-cure depth of the resin again determ nes
the el evasizen pgth atrbodirall géoreetysofithe ddngt krackles 26 F0e tratmperept wg@ms ayd thenls a
belt 20 having piles 40 with proxi mal ends 42 juxtaposed not only with the
backsi de Zezigeredpatipaich kngekipy 86 an 8 Popidion ndigh midimides dhroigteafergngs Patss @

"with the second | ayer 54 of the fabric 22 of the belt 20. This hybrid

ar r angemetie pgkledds: t he benefit of a belt 20 having regions of different
first and second resistance ession., The re S coi ngci dent
the piles 40 N HF 568 el e R R ke Bt ot Ptk aSwiegh of B 580 o
belt 20 w |,  bhave ager re t of
the belt " Peaoddist Blihods rﬂﬁ‘ B0 P SRR 30k Sy SRR 7
30 of the c d
second i oy T aiaitC Sudh F‘*“éﬁam 3 o &3 (A sk Rulhg bEBR bR
provi ded Bysih hRrdbeh&sh. 40 having the proxi mal ends 42 juxtaposed with the
backsi de 26 of the belt 20. A second and |lesser inprint density wll be

pf ovi ded by thea piulieayéPfabie 20gs REc@iffRthe PREntiNGnABRSRds oWAINMRe ) the t he
fabric ' _'2, and particularly by yarns 30 in the second | ayer 54 of the
fabric 22 seddndllayetr 04 gy ek @rplaadtyt dtadpatiey anes 108! Thegpagtd yans preeemantingi s
provi ded by the knuckles 36 of the belt 20. However, the inprint density of
t he knucklof phasémstidetesinntharetiendath. paAnd yetonotheeerebediaieno theofirst lagerpi2oodi thel
end 42 of the pile 40 registered wth that knuckle 36. The benefit of a

bel t 20 hdabrieg22 may thelprovided vethia purality péopaquei yarshd fartthe same pugposes 040,
having the proxi mal ends 42 coi ncident the backside 26 of the belt wl]
provi de a cgwrst.donengfrardinaayskilsvilk ieeograzektbe yamyi3Agn ¢ithen layer 3% Béof sgnlg-
surface. The second piles 40 having the proxi mal ends 42 di sposed at

el evat i ondayshéapsict22or i kaype 80 oba singlerayasdabric23 may be opagupribdesifed.a sol i d
inprint, but still contribute to buckl i ngpof t he paper \z% ége | ow densi_ty
region of a nﬂffhenaélﬁspwb\saﬁém is Tged. Hio Knyekiss |30 may PrOed t‘iaﬁﬁi""(§§‘1‘)l'lé’rfent

f f
;?P;ng';ddte S‘b(::a:gv\y tgﬁy ga gﬁ(rg‘tsl qﬁhq {)a\ngc b ms% a?ent elrergljr{ }"rom the Hesaltt;;ree\?entmg be

it from curing.



pl easing pattern. For exanple, the first and greater inprint density may be
provided in a 20 DECEMBER 2002 WO 99/ 67461 16 PCTI U599/2£%?§M%%ﬁ%0é?n of
decorations such as hearts. flowers, butterflies. holiday ornamentation.
etc. The sg69s)ghqgnd | esser inprint density may be provi ded agr/essgnsels
lattice-work or matrix which provides a quilted appearance for the paper.
The grid, lattice-work or matrix may f'5rm an array of cells. One of the
decorative enbodi mnents nay be disposed in each cell. Alternatively, a
plurality, but less than all of the cells. may have a decorative inprint

pattern ther qieQin FRch S&AMRL Sinc@BE-difkef GohPallifc Raidiiodf ort 181 GElthéh gg%ﬁg ave a

decorative inprint therein. Referring to Fig. 3, In yet another e I ment
the pilesvd) viBshoRetERebVidiap v iRSigRhre@ A (M fbpic el RN ifpBrihhi bt dhayer
52 of the fabric ?3. The distal ends 44 of the piles 40 nmay intercept the
knuckl es p3fernaRihgeR0railolvg stffziont dir ploan® (B4 edficibMeirkingokbsaindd. It will be
apparent that the piles 40 may be provided with proximal ends 42 and di stal
ends 44 at otAletnasivelyabhauired eeat canrtse wtecvietly . vabiuryet oraiokhfed alithgrosnivieve
enbodi ment (not shown) the proximl ends 42 of the piles 40 nay extend

out war dl yréssymenitdorh hbe Habrio A2 giremgo afurinpe Pabcalerl22the Irasisunhy de eidetdelyent .
the backside 26 of the belt 20 is still defined by the proximl ends 4?7 of
t he pil eyvag@imadoliemethe regienst where pilep 49 grechadvigsice. abBopbetdadly bsushsi procdB of

t he papernmaking belt 20. In such an enbodinent, the fabric 22 would rarely,
i f ever, vébrfemeve a5 Bapdhe ugs fyamiaiehueap yasesintthe - Sorlare. papaill slowhe
belt 20 according.to the Present i nventi %n. The piles 40 may be used to
resi st ddFUR MRt Whichpgtrapned bovaen yams 3 sepasptgd n the fadirerdioBby niti gat e

[T WB e AR TR R BRI M S 11
PSR 0B S BB b PR P
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provi de iyxpkQyeds SEaihe Sdl€ngtdhdf %prEJ%@d k&l the Z0evafib® d?1 theSbeAO coHiAkiaed the
t oget her adjacent yarns 30 in the nmachine direction, preventing such yarns

30 from b@ﬁ@mﬁ%.dEF@ﬂé@mﬁl@m@éla oebulidies AP deatmildHpdppiied ahe @Riernaliz0
DECEMBER 2002 WD 99167461 17 PCT/US99113078 As noted above, the el evations

of the diiatreducedids 44 of the piles 40 may be di sposed at suitable and
predeterm ned el evations. For exanple, the distal ends 44 of the piles 40
may i nt er ceptAltdmativiely. paompoBént dahit meltiag ipemit yarns 38 npryobd wet fenesavddy dke t he
piles -10 may intercept the tie yarns 30. This arrangenent nmay be used with
muf ti - | ayf@brig 2br iSeich yamisalll hayei an exjempl sheathyandhan doernadferactThe eorgawpg 30.
or both. O course, it is to be recognized that the distal ends 44 of the
pi | es 40 Mgher meleng paintghan the sheashe pireake the,beloiQipbihe presgat igvantion. Brstithess of
sonme piles, 40 be sjzed to. provide su rt t.hr hqut. t he chi pe
1T ect | orfaPengt 17 8P arhkoR e RiRSmPBIcTAYRERnD: | VoA (o5 Re. iaiaad e 29 %of a1,
single pi 40 . be sized to support,t or knuckl es .36. - ALl such
varat i orfiaedateast shea Bt Rtk RS R fodP it Brdlig Healt
I nvent| C)rl'ocally applied to the fabric 22, but limited to the regions juxtaposed with the knuckles 36.

The heat melts the sheath of the yamns 30, at XY positions coincident the knuckles 36 or

any other desired position. The melted sheath material flows downward to the horizontal

support surface. The horizontal support surface acts as a heat sink. There, the sheath

material resolidifies, forming a pile 40 between the bottom of the knuckles 36 and the

backside 26 of the belt 20.

Referring to Figs. 3. 4 and 3. it will be apparent to one skilled in the art that several

variations in the papermaking belt 20 according to the present invention are contemplated.




20 DECEMBER 2002 18 Clainms 1. A papermneking belt having a to urfa pl ane
and a backsi de opposed thereto, said belt conprising: a 28 %g
plurality of interwoven yarns; and a plurality of piles, each sald |Ie

ext endi ngWQ Wre7461pr oxi mal end j uxt aposed with said back si B@T/U§99é’3msstal
end, said distal end being internedi aj¢ said backside and said top surface
pl ane, said pile intercepting a yarn, whereby said pile acts as a col umm
supporting said yarn fromdefl ection due to conpressive | oads applied
perpendi cular to the plane of the belt, said belt being selected fromthe
group cohei stampde.of aandlorlayendalmia 22 iquipdciior tise papeemélong &elt \ii0n thei pitesf 4r rrer

a transfer fabric, a base for a press felt, and a through dryi n_c); fabric. 2.
A belt apessragibheitens! batwpan the warap 80 somariping Ahedfirst lager 13 afthefabsic 32 yad the saj d
pil es supporting said E/arns fromdefl ectjon vvlthl n the plane of said belt.
3. A bel Va@&éQ)FQfPH'QS"E% wisasandilaxgr et Of Hhedaltic 3hi d pile intercepts a yarn,

s d el S p bl dnaRengropbricali b g 'ecb'rsﬁ[hr?ﬁre@lﬂm bl BaeRsi do
d I it
P er wov e{se mﬁsdﬂb%é S b Cdﬁ?ﬁlﬁﬁa}g a'ﬁeﬁsﬁengm @/ltﬁiﬁaé%aﬁ% % rom a

pr oxi mal $ osed V\/\1)th S |d1 bacV ts tr% a0 |sta er%d 58 dldl stcgl end
bei ng |nP@Pertr'él i at e s &P Back5| ae? Snlresg?d o'pgsur éebprf r%ow 57 f)“ff
| ntercepti.ng; cfiHeC%ﬂEed Y evitlofl PAfS ta%é acﬁre@tul‘}xp g&ﬂcé%&o{hte'ﬁagks?@é d

yarn from det tion due fo conpressive s appli per pendi cular to the

pl ane of 7g e Rebiie 28l hvahe! Ehe%fp Q,ga[@ei@g{: 9{1 Eélpﬁ@)t h%a&&m{ﬁq GORRLRE ' of a
formng wre a backing wre for a twin wire forner, a transfer fabric, a

dase for cémMofESaskightd AN dPaAedth5 B29/05dr MEwd Mapru)c,lsw\fnw Frdkhaaied apl hes are
iscrete. 5. A belt according to claim4 wherein said fabric conprises

war ps and,6habe ssuavect. 7.n1997 paMdParlatidetil 0 winibhr@tdn® e kitoaioraed hémindby ong
knuckl es being conprised of a warp or a shute, and having a length

suf fi ci endferencespan two shutes or two warps, respectively. 6. A belt
according to claim5 wherein said piles are registered with said | ong
knuckl es. 7. The trsin frem odvich thg piles 40 arefo@naghie theinrprevidet! ndhpdesaned ekapdorshut es
conprising said Iong knuckl es have a m d-plane, and said distal ends_of

sai d pi | & ther Brst iayehSdsddhirppergkingniagps dde. The pesipEcenpERNIGbe backig! A
bel t accordl ng to claim1 wherein said piles extend from proxi mal ends

j uxt aposé‘H"W Fl‘lbéﬁ‘i‘ﬁ“ﬁéﬁq{%‘?"&g of said belt. 9. A belt according to claim1

havi ng a top Ll IEHTREES ghi%, ”i'bsfilﬁef AP LR e PR ST REmRT5BE che
corrprl s ng:ong 8}e¥ §£ oP hlérfgbr‘ l?aa/e%l nid) 1¥:‘§’ng‘ ﬁQfeI'r% OEF |§ % b@%ﬂm&g ' ni ng

said top su Iane a S€ec y  of m a second

layer detiBhithentit g gﬁzen%f"ﬁsdﬂ{?'vfcﬁﬂ tb%meélemnsml@h %&s&@&s (RY §hiabei ng

jOII’lEdIn ace-tO-face re ation
plane 60 of the yarns 30 of the second layer 54. Similarly. the resin is provided to a depth

) which originates from and intercepts the mid-plane 60 of the yarns 30 of the second layer
54. Of course, the resin can be then provided to an elevation wherein the distal ends 44 of
the piles 40 intercept the mid-plane 60 of the first layer 52 of the fabric 22.
Such an arrangement yields knuckles 36 which provide local columnar support for
the papermaking belt 20. Such support is limited to the portion of the belt 20 defined by
and between the first layer 52 of the belt 20 and the second layer 54 of the belt 20.
Compressive loads applied normal to the plane of the belt 20 are transferred from the first
layer 52 through the piles 40 to the second layer 54. and ultimately to the papermaking

machinery contacting the backside 26 of the belt 20. Such an embodiment provides the



a plurality of piles, said piles extending from proxi mal ends | ux sed
with said backside to distal ends, said distal ends bei ngzqt?‘ﬁcgpﬁjé%?@?e sai d-
backsi de and said top surface plane, whereby said piles act as col ums
supporti ngvgad/éragiar ns of said first layer fromdefl ection d@ansy9/13078
conpressi ve | oads applied perpendi cul ar, to the plane of the belt. 11. A
belt according to claim 10 wherein sai g piles are discrete. 12. A belt
according to claim 10 wherein said proxinmal ends of said piles intercept
said yarns of said second layer. 13. A belt according to claim 10 wherein
sai d pr oxivankagedNeafbilw@iif (K hies 18/ce 5D UiRpRIERivbictheSRt dnbagdsidlguapist sai d
belt. 14. A belt according to claim 12 further conprising a second

pl ural i t yheodecqnid lageredt endi ng from proxi mal ends, said proximal ends of said
second plurality of piles being juxtaposed with said backside of said belt.
15. A belt af®etrdiggp tFig.ct.athm ptOxintad readn 42 adfda dirstt glrabindsf pfless 40 dndyi bst
plurality of piles are disposed at a first el evation above said backsi de of
sai d bel jyxtapmisetl wéthtthd backhide 20mfhe &ibnig 22. sRasvaidanty. somkiof piled 4pmagdavsai d
second plurality of piles having distal ends disposed at a second el evation
above saitht peskBaldendsfdZs egidcidentt the shackside @ond The evertiimoh ehdsi the) offi & sespadt

than said first elevation. 16. A belt according to claim 14 wherein said

pi | es supputlity finiley 40ygay penigapesed twidh theosasand dayes a7 piighe fabric 21y DECEVBER
2002 20 17. A bel cording to claim15 wherein said belt conprises dual
| ayer fagHyal .en%a‘!i @Eaa&%‘gm hg ¢ commyon clryation FHishgWa) UIPASRE 48RP | ane
and a backsi.de opposed thereto., .sajd.belt conprising: |ti.-la fabric,
sai d fabPFi’f%QW?Elﬁv%f'QP?‘r praqg}péﬁ:.ﬁb?dlagll §%‘$Sn'£??tlntﬁ5%?ﬁt P@F%éﬁéf’“&%@ga%econd
pluralit f. NS |.ayels plour al i f pLl t -
ext endi néegﬁ%“ﬁe‘aﬁs@‘e EO y%‘%ﬁa%ggﬁadl e?%‘p(gfsdt}??; glégoiﬂr;éﬁg’,mééﬁt ep’)’lp' fj'eogaslﬁa%\?ll %fgthe ‘J
pr oxi mal j ; i ai i -1 Ng i sai d
R e R R e

regi ster gk 4@l eNst4% of VRE TR phdaltyPdel Sifes0! may bE AipIRY & WHRQEL dMhaiBhd
first plurality of yarns and said Second plurality of yarns from defl ection

rel ati ve th (Re@fdtaPbMBRr4403fahd ﬂrsfa?rmaﬁlﬁwfwedmds appl i ed perpendicular to
the plane of the belt. 19. A belt according to claim18 for inprinting

paper ther eolThaiaiiangemendishéwen emFig. Ap havihg ¢élas 40 iveith praximal hdd #Ppanditisdgnsi ty
and a second inprint density, said first inprint density being greater than
sai d secends 4hprdifferedealsiations 2@y & prelvidedas dolthwy Kict.charevinl®hichaytwrgd a
first plurality of piles with proxinal ends juxtaposed wth said backside,
and a sedweadhgpilasa0ihayingfpreximas endsi42 ¢insiderdithebagksifiexé apide dalti pravisigd d
yarns of said second |ayer. 21. A belt according to claim17, wherein said
mul ti - | ayerths desifed depthaand pyed. | Hgewncuegs) resin ispvashied Apa- producing piles 40

0 A A R A i rokimal Sds a L Soindibiert t5e BRckede 36 oF the FibefcH andCiistal ends 44 a
the desired elevation. The backfill material is then added as described above. Liquid resin
is again cast to the desired depth and cured into the piles 40 having the proximal ends 42
disposed at a relatively higher elevation in the fabric 22, (such as the mid-plane 60 of the
second layer 54).

Alternatively. the process may be reversed. The backfill material may be added and
the piles 40 having the proximal ends 42 disposal at the relatively higher elevation may be
cast first. The uncured resin and backfill material are then washed away. Resin is then
added coincident the backside 26 of the fabric 22 and cured into piles 40 having proximal

ends 42 coincident the backside 26 as shown, or disposed at any other suitable elevation.
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10-u 10-ué& Such a hybrid belt 20 will have different first and second imprint densities. A first
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St 1096 &and gh@gcSmpeintdensity 0% te) priogided dag: the pilesof) hding oBProgume efds #1S
1096& ()- &/ 109%& ()-4dEbC8<$10% u& 3m' 109%&' ()- St 10%& ()-s-
109&' () - xeamaged yithyhel bagksidy 26 of thrgbelt) 20. 74 seqead.and psgag impriniyiggsity will be
109&' ()-z10%& () - 10%& () -1\ F 109%& ()-!aF 10%& () - DOdEbC&<$1.Q0% uFAm' 109&' (
)- f 2- 10@@@&%@1@@/@1@5 4 }\avres/arwm,a" /&Wﬁm@fibx@ﬂmﬂz n hebemesosnd |

10% & () -p%x:ltg:(l)ﬁaﬁy(t?y-y%gs(yg(ﬁn( tl':é second layer 54 of the fabric 22. It is to be recognized that
the actual imprint on the paper is provided by the knuckles 36 of the belt 20. However, the
imprint density of the knuckles 36 is determined. in part, by the elevation of the proximal
end 42 of the pile 40 registered with that knuckle 36.

'/\ ) The benefit of a belt 20 having the hybrid pile 40 arrangement is that the first piles
40, having the proximal ends 42 coincident the backside 26 of the belt will provide a solid
imprint against the Yankee drying drum, or other solid surface. The second piles 40 having
the proximal ends 42 disposed at elevations above the backside 26 of the beit 20 will not
provide a solid imprint, but still contribute to buckling of the paper at the low density
region of a multi-density paper. The hybrid belt 20 provides two different imprint densities
on the paper.

The two different imprint densities may be arranged to provide any aesthetically

pleasing pattern. For example, the first and greater imprint density may be provided in a
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array of cells. One of the decorative embodiments may be disposed in each cell.
Alternatively, a plurality. but less than all of the cells. may have a decorative imprint
pattern therein. For example. one-third to one-half of the cells may have a decorative
imprint therein.

Referring to Fig. 3. in yet another embodiment the piles 40 may extend from a
proximal end 42 coincident the first layer 52 of the fabric 22. The distal ends 44 of the { )
piles 40 may intercept the knuckles 36. and preferably the mid-plane 60 of the knuckles 36.
It will be apparent that the piles 40 may be provided with proximal ends 42 and distal ends
44 at other suitable elevations as well.

In yet another alternative embodiment (not shown) the proximal ends 42 of the piles
40 may extend outwardly beyond the bottom plane of the fabric 22. In such an
embodiment. the backside 26 of the belt 20 is still defined by the proximal ends 42 of the
piles 40. However. the fabric 22 is elevated above the backside 26 of the papermaking belt
20. In such an embodiment, the fabric 22 would rarely. if ever. contact the papermaking
machinery used to produce paper on the belt 20 according to the present invention.

The piles 40 may be used to resist deformation of the belt 20 in the X-Y plane. and
thereby mitigate sleaziness. For example, the piles 40 may be juxtaposed with the areas of
the belt 20 anticipated to have the greatest sleaziness. Particularly, the piles 40 may be
juxtaposed with regions of the belt 20 not having tie yarns 30 nearby. Such an arrangement
provides a belt 20 having piles 40 which mitigate and/or reduce sleaziness within the plane
of either a single layer belt 20 or a multi-layer belt 20.

Prophetically, the piles 40 may also provide improved seam strength for the belt 20.

The piles 40 joined together adjacent yarns 30 in the machine direction, preventing such

yarns 30 from becoming disentangled or otherwise separating at the seam.
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() the distal end 44 of a single pile 40 may be sized to support two or more knuckles 36. All

such variations are contemplated to be within the scope of the present invention.
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former, a transfer fabric, a base for a press et and a through drying fabric.

2. A belt according to claim 1 wherein each said pile intercepts a yarn, said piles supporting
said yarns from deflection within the plane of said belt.

3. A belt according to claim | wherein each said pile intercepts a yarn, said piles supporting
said yarns from deflection normal to the plane of said belt.

4. A papermaking belt having a top surface plane and a backside opposed thereto, said belt
comprising: a fabric having a plurality of interwoven yarns; and

a plurality of piles, each said pile extending from a proximal end juxtaposed with said
backside to a distal end, said distal end being intermediate said backside and said top
surface plane, said pile intercepting a yarn, whereby said pile acts as a column supporting
said yarn from deflection due to compressive loads applied perpendicular to the plane of the
belt, said belt being selected from the group consisting of a forming wire a backing wire for a
twin wire former, a transfer fabric, a base for a press felt, and a through drying fabric,
wherein said piles are discrete.

5. A belt according to claim 4 wherein said fabric comprises warps and shutes woven in a
pattern to providing long knuckles, said long knuckles being comprised of a warp or a shute,
and having a length sufficient to span two shutes or two warps, respectively.

6. A belt according to claim 5 wherein said piles are registered with said long knuckles.
7. A belt according to claim 6 wherein said warps and said shutes comprising said long

knuckles have a mid-plane, and said distal ends of said piles are juxtaposed with said mid-
plane.
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9. A belt according to claim 1 wherein said piles comprise resin.

10. A multi-layer papermaking belt having a top surface ptane and a backside opposed
thereto, said belt comprising:

a first plurality of yarns woven to form a first layer defining said top surface plane;

a second plurality of yarns woven to form a second layer defining said backside, said first
layer and said second layer being joined in face-to-face relation; and

a plurality of piles, said piles extending from proximat ends juxtaposed with said backside to
distal ends, said distal ends being intermediate said backside and said top surface plane,
whereby said piles act as columns supporting said yarns of said first layer from deflection
due to compressive loads applied perpendicular to the plane of the belt.

11. A belt according to claim 10 wherein said piles are discrete.

12. A belt according to claim 10 wherein said proximal ends of said piles intercept said yarns
of said second layer.

13. A belt according to claim 10 wherein said proximal ends of said piles are juxtaposed with
said backside of said belt.

14. A belt according to claim 12 further comprising a second plurality of piles extending from
proximal ends, said proximal ends of said second plurality of piles being juxtaposed with said
backside of said belt.

15. A belt according to claim 10 wherein said distal ends of said first plurality of piles are
disposed at a first elevation above said backside of said belt, said belt further comprising a
second plurality of piles, said second plurality of piles having distal ends disposed at a
second elevation above said backside of said belt, said second elevation being different than
said first elevation.

16. A belt according to claim 14 wherein said piles support said yarns from deflection normal
to said belt.
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18. A papermaking belt, said belt having a top surface plane and a backside opposed
thereto, said belt comprising:
a multi-layer fabric, said fabric having a first plurality of yarns in a first layer and a second
plurality of yarns in a second layer; and a plurality of piles not extending outwardly beyond
said top surface plane, said piles having proximal ends juxtaposed with said backside and
connecting portions of said first plurality of yarns with portions of said second plurality of
yarns registered therewith, whereby said piles act as columns supporting said first plurality of
yarns and said second plurality of yarns from deflection relative to each other due to

compressive loads applied perpendicular to the plane of the belt.

19. A belt according to claim 18 for imprinting paper thereon with two different imprint
densities, a first imprint density and a second imprint density, said first imprint density being
greater than said second imprint density.

20. A belt according to claim 19, having a first plurality of piles with proximal ends juxtaposed
with said backside, and a second plurality of piles with proximal ends juxtaposed with said

yarns of said second layer.

21. A belt according to claim 17, wherein said multi-layer fabric is a triple layer fabric.



