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The present invention relates to papernaking, and nore particularly to
belts used in papernmaking. Such belts reduce non-uniformfiber distribution
and/ or 20 pi nhol es and other irregularities indigenous to nolding fibers
into a three di mensional belt. BACKGROUND OF THE | NVENTI ON Cel | ul osic
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final dryindS The final drying is usually acconplished by a heated drum
such as a Yankee drying drum One of the significant aforenentioned

I nprovenents to the manufacturing _process, which yields a significant
i mprovenment in the resulting consﬁﬁﬂrDQFo'ﬁH@tmm¥ the use of

through-air drying t’ﬂx,d;ﬁ@ieﬂ@ﬁw&ﬁib\ﬁ%ﬁié&%'paﬂéﬁﬁ‘kﬁgﬁhﬁd RS baftichlrly k& belts 2 S
t hrough-air dryin i Ke press be

g, . felt, drying, the we gi,ns gn .a torm
wire which receiused inpap : s%ﬂ?‘?&’ ¥ rgcggg R9R=Yifgra é}&fc‘gwg‘%%‘{}ghcy
(the wei ght 2per griiHolge and dthércrigegularitiee imdigenous 36 umoldingf rfibersa iiteadbehree
Initial dewater id?x%er&s?o%&lsbelt.

BACKGROUND OF THE INVENTION
Cellulosic fibrous structures, such as paper towels, facial tissues, and toilet
25  tissues, are a staple of every day life. The large demand and constant usage for such
consumer products has created a demand for improved versions of these products
and, likewise, improvement in the methods of their manufacture. Such cellulosic
fibrous structures are manufactured by depositing an aqueous slurry from a headbox
onto a Fourdrinier wire or a twin wire paper machine. Either such forming wire is
30 an endless belt through which initial dewatering occurs and fiber rearrangement
takes place. Frequently, fiber loss occurs due to fibers flowing through the forming
wire along with the liquid carrier from the headbox.
After the initial formation of the web, which later becomes the cellulosic
fibrous structure the papermaking machine transports the web to the dry end of the
35  machine. In the dry end of a conventional machine, a press felt compacts the web
into a single region cellulosic fibrous structure prior to final drying. The final drying
is usually accomplished by a heated drum, such as a Yankee drying drum.
One of the significant aforementioned improvements to the manufacturing
process, which yields a significant improvement in the resulting consumer products,
40 s the use of through-air drying to replace conventional press felt dewatering. In
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commercial success ls described in U.S. Patent 3,301,746, issued January 31, 1967
to Sanford et al. :

‘Over time, further unprovements became neeeesary A significant
unprovement in through-axr-drymg belts is the use of a resmous framework on a
reinforcing structure. ‘This arrangement allows drying belts to impart continuous

| patterns, or, patterns in any destred form, rather than only the discrete patterns

30

35

achievable by the woven belts of the prior art. Examples of such belts and the
cellulosic fibrous structures made thereby can be found in U. S. Patents 4,514,345,

issued April 30, 1985 to Johnson et al.; 4,528, 239 issued Iuly 9 1985 to Trokhan;
4,529,480, issued July 16, 1985 to Trokhan; and 4,637,859, issued January 20, 1987
to Trokhan.'_ The foregoing four patents are incorporated herein by reference for the
purpose of showing preferred constructions of patterned resineus framework and’
reinforcing type through-atr-drymg belts, and the products made thereon. Such belts

16,

have been used to produce extremely commercially successful products such as

Bounty paper towels and Charmin Ultra toilet tissue, both produced and sold by the
instant assignee. |



5 As noted above, such through-air-drying belts used a reinforcing
el enment to kb the resin. The reinforcing elenent also c rolled the
def | ection é%a?ﬁgkggpernaking fibers resulting fron1vacuun1aﬁﬁﬂﬁﬁPT%Pfhe
backsi de of the belt and airflow through the belt. The early belts of this
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inch. While such a fine nmesh was acceptable fromthe standpoint of
controlling fiber deflection into the belt, it was unable to stand the
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A new generation of patterned resinous framework and reinforcing structure
through-air-drying belts addressed some of these issues. This generation utilized a
dual layer reinforcing structure having vertically stacked machine direction yarns. A
single cross-machine direction yarn system tied the two machine direction yams

30 together.

For paper toweling, a relatively coarse mesh, such as thirty-five machine
direction yarns and thirty cross-machine direction yarns per inch, dual layer design
significantly improved the seam strength and creasing problems. The dual layer
design also allowed some backside leakage to occur. Such allowance was caused by

35  using less precure energy in joining the resin to the reinforcing structure, resulting in
a compromise between the desired backside leakage and the ability to lock the resin
onto the reinforcing structure.

Later designs used an opaque backside filament in the dual layer design,
allowing for higher precure energy and better lock-on of the resin to the reinforcing

40 structure, while maintaining adequate backside leakage. This design effectively
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belt life is reinforcir: : element having vertlcally stacked warps. Generally, tl_l_e' wisdom has
- 25  been to u:z relatively iarge diameter yarns, to increase belt life. Belt life is important
“not only because of the cost of the belts, but more importantly due to the expensive
downtime incurred when a worn beit must be lremov_e_'d' and a new belt installed.
Unfortunately, larger diameter yamns réq(;irg larger holes therebetween in order to
accommodate the weave. The larger holes permit short fibers, such as Eucalyptus,
30 to be pulled through the belt and thereby create pinholes. Unfortunately, short
fibers, such as Eucalyptus, are heavily consumer preferred due to the softness they
create in the resulting cellulosic fibrous structure.

This problem can be overcome by adding more yarns p§r inch woven in the

same pattém. Howeve: nis "solution” reduces the open area 'a'vailable for air flow.

35 If the yams are made - ller to reopen the open area, the flexural rigidity and

integrity of the reinforc:: .. structure of the belt is compromised and the belt life is

thereby reduced. Acc. .ingly, the prior art required a tra_dé-bﬁ' between the
necessary open area (for airflow) and fiber diameter (for pinholing and belt life).

One attempt to achieve both good fiber support, and the flexural rigidity and

40  belt integrity necessary to achieve a viable belt life was to use a combination of large
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cel lul osic web by conpactfon. Sujtable
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yams from a six shed to a four shed.  However, similar problems
occurred - including sagging of the machine direction yarns of the upper layer which

25  were stacked with the machine direction yarns of the lower layer, due to either
inadequate support from the other yarns, or due to being pulled towards the second
layer by the cross-machine direction yams.

These approaches were not successful. Clearly yet another approach was
necessary.

30 Likewise, the weave pattern must be applicable to press felts. Press felts
dewater a cellulosic web by compaction, Suitable press feits may be made in
accordance with U.S. Patent 3,652,389 issued March 28, 1972 to Helland;
4,752,519 issued June 21, 1988 to Boyer et al.; and 4,922,627 issued May 8, 1990
to Romero Hernandez, which patents are incorporated herein by reference for the

35  purpose of showing how to make a press felt according to the present invention.

The necessary approach recognizes that pinholing in a through-air-drying belt
and fiber loss in a forming wire are unexpectedly related to the yarns that support
the fibers - rather than the open spaces between the yarns. The web facing yams
must remain close to the top plane of the first layer, to provide adequate fiber
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interwoven into a weave. The first layer and second layer are tied together by a
plurality of tie yarns which do not remain within 1.5 yarn diameters of the top plane.
" The reinforcing structure has a thickness at least 2.5 times as great as the yam
diameter. The belt further comprises a pattern layer extending outwardly from the
30 first layer and into the second layer. The pattern layer provides a web contacting
surface facing outwardly of the first layer. The pattern layer connects the first and
second layers, stabilizing them relative to each other during the manufacture of
cellulosic fibrous structures.

35 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a top plan view shown partially in cutaway of a belt according to
the present invention having cross-machine direction adjunct tie yarns.
Figure 2 is a vertical sectional view taken along line 2-2 of Figure 1 and
hiving the pattern layer partially removed for clarity.
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layer 30. The reinforcing structure 12 is further comprised of at least two layers, a
web facing first layer 16 and a machine facing second layer 18. Each layer 16, 18 of
25  the reinforcing structure 12 is further comprised of interwoven machine direction
yams 120, 220 and cross-machine direction yamns 122, 222. The reinforcing
structure 12 further comprises tie yamns 320, 322 interwoven with the respective
yarns 100 of the web facing layer 16 and the machine facing layer 18.
As used herein, "yarns 100" is generic to and inclusive of machine direction
30  yamns 120, cross-machine direction yarns 122 of the first layer 16, as well as machine
direction yarns 220 and cross-machine direction yarns 222 of the second layer 18,
The second primary element of the belt 10 is the pattern layer 30. The pattern
layer 30 is cast from a resin onto the top of the first layer 16 of the reinforcing
structure 12. The pattern layer 30 penetrates the reinforcing structure 12 and is
35  cured into any desired binary pattern by irradiating liquid resin with actinic radiation
through a binary mask having opaque sections and transparent sections.
The belt 10 has two opposed surfaces, a web contacting surface 40 disposed
on the outwardly facing surface of the pattern layer 30 and an opposed backside 42.
The backside 42 of the belt 10 contacts the machinery used during the papermaking
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pattern layer 30. The pattern layer 30 is cast froma resin onto the top of
the first layer 16 of the reinforcing structure 12. The pattern |ayer 30
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binary pattern by irradiating liquid resin with actinic radiation through a
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af orement i onegy s shusitdte® it Figurel# ofithe aférementidned 109 Patent®d, s ﬁd,345?i9£ﬁgd to
I ncor por at ed ﬂ»‘?&e' n % rgf, erence. g‘ .Cﬁal;'r sg, It &I | “be recogni zed by one
skilled in thionasen ¢tghand iRcomartied aerety & Of goursey oWl beTeeRsnizeds  er ns
mﬁy be sel ect byl ons skitléd in the art ;hgt'gn)ﬂ' gﬂﬂlﬁﬂiﬂ? of Bi&;gelre a].:iﬂ doRtifusdRis p‘agteﬂis
phot osensi tive_r gsi ri bed above and in the aforenentioned patents
I ncor por at ed ﬂ‘é}’@? ﬁaﬁi’af&d‘gagnce. The preferred nethod for agfl ying the
shayeragd
structure 12 i Inki _ Nnéotpdrated ; ' ' Ci with
t he phot osenswp{vegﬂ;ogﬁ? Jsﬁe:é%l déofi,gr m X@%’?‘%‘P@” m ﬁ;mh%rgi‘éﬁ%dan_
activating 25methpd\for 2palying Hie PHEtpsensitive egin formypg the: patier dayer 30 f0i thet es
the I'iquid phesisforoiry sthicturé &2 imthe desired ipaneriisio dvavihe geinfordingdayewittothe
opaque regi ongy . ThG@%s 'fekiff ih%'ighidForm. Actinic radiation, having an activating
25  wavelength matched to the cure of the resin, illuminates the liquid photosensitive
resin through a8 mask having transparent and opaque regions. The actinic radiation
passes through the transparent regions and cures the resin therebelow into the
desired pattern. The liquid resin shielded by the opaque regions of the mask is not
 cured and is washed away, leaving the conduits 44.in the pattern layer 30. _
30 It has been found, as identified in the aforementioned U.S. Patent Application
Serial No. 07/872,470 filed in the name of Trokhan et al. and incorporated herein by
reference, that opaque machine direction yams 220 or cross-machine direction yarns
222 may be utilized to mask the portion of the reinforcing structure 12 between such
machine direction yarns 220 and cross-machine direction yams 222 and the backside
35 42 of the belt 10 to create a backside texture. The aforementioned application is
incorporated herein by reference for the purpose of illustrating how to incorporate
such opaque yarns 220, 222 into a reinforcing structure 12 according to the present
invention. The yarns 220, 222 of the second layer 18 may be made opaque by
coating the outsides of such yams 220, 222, adding fillers such as carbon black or
40 titanium dioxide, etc.
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220 and a cross- ghlcggsl e'rgt?o%t ion yarn 122, 222. The "shed" is the mninmm
nunber of
25 The machine direction and cross-machine direction yams 120, 122 are
' interwoven into a web facing first layer 16. Such a first layer 16 may have a one-
over, one-under square weave, or any other weave which has a minimal deviation
from the top plane 46. Preferably the machine direction and cross-machine direction
yarns 120, 122 comprising the first layer 16 are substantially transparent to actinic
30 radiation which is used to cure the pattern layer 30. Such yamns 120, 122 are
considered to be substantially transparent if actinic radiation can pass through the
greatest cross-sectional dimension of the yarns 120, 122 in a direction generally
perpendicular to the piane of the belt 10 and still sufficiently cure photosensitive
resin therebelow.
35 " The machine direction yarns 220 and cross-machine direction yarns 222 are
also interwoven into a machine facing second layer 18, The yamns 220, 222,
particularly the cross-machine direction yamns 222, of the machine facing second
layer 18 are preferably larger than the yams 120, 122 of the first layer 16, to
improve seam strength. This result may be accomplished by providing cross-
40  machine direction yarns 222 of the second layer 18 which are larger in diameter than
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To determine whether or not the top dead center longitudes TDC of the yarns
25 120, 122 remains within 1.0 or 1.5 yarn diameters D of the top plane 46 an
imaginary cuiting plane 1.0 or 1.5 yam diameters D is drawn parallel to the top
plane 46 (and disposed towards the backside 42 of the reinforcing structure 12).
The top dead center longitudes TDC of yarns 120, 122 which form knuckies
48 defining the top pla_ne'46 are .considered to remain within 1.0 or 1.5 yarn
30 diameters'_D of the top plane 46 if such top dead center longitudes TDC do not
intercept the respective imaginary cutting plane. -
In accordance with the present invention, the yarns 120, 122 of the first layer
16 may be interwoven in a weave of N over and N under, where N equals a positive
integer, 1, 2, 3.... A preferred weave of N over and N under is a square weave
35 having N equalto 1. :
Another preferred weave is an N over, 1 under weave, etc., so long as the
yarns 120, 122 of the first layer 16 cross over the respective interwoven yarns 122,
120 of the first layer 16, such that such yarns 120, 122 are on the top dead center
longitude TDC of the first layer 16, more than on the backside of the first layer 16.



the circunference of the yarn 100 at the position closest to top plane 46.
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wkthin 1.0 diameters D of the top plane 46 if a nonopl anar weave is
utilized. The top dead center |ongitudes TDC of the yarns 120, 122 remain
within 1.5 yarn dianeters Dif a weave havi g sub-top surface knuckles is
utilized. To determ ne whether or not the top dead center |ongitudes TDC of
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measur ed usi ¥y athesacenddayesd8 may e veNegiin ARy suitabls shed-gnd pattern, suchas arsqyareo

Conmpany of Newbu{gaveJa§ Sifsvn, dr aStwill b broken #willl weavel I Besirdd,the sBeUAddsyeP a8
square inch | oadi ng,applied 15 ,.through a r%d 0. 875 i nch di aneter fgot.
The rei nforcing §139 ae% groiynﬁgl}}n%g:re on yarn in every other position, corresponding

to alternating cross-machine direction yarns 122 of the first layer. It is more
important that the first layer 16 have muitiple and more closely spaced cross-
25 machine direction yarmns 122, to provide sufficient fiber support. Generally, the
machine direction yamms 220 of the second layer 18 occur with a frequency
coincident that of the machine direction yamns 120 of the first layer 16, in order to
preserve seam strength and improve belt rigidity.
Adjunct tie yarns 320, 322 may be interposed between and interwoven with
30 the first layer 16 and the second layer 18. The adjunct tie yamns 320, 322 may be
machine direction tie yarns 320 which are interwoven with respective cross-machine
direction yarns 122, 222 of the first and second layers 16, 18, or cross-machine
direction tie yarns 322, which are interwoven with the respective machine direction
yamns 120, 220 of the first and second layers 16, 18. As used herein, tie yarns 320,
35 322 are considered to be "adjunct"” if such tie yarns 320, 322 do not comprise a yarn
100 inherent in the weave selected for either of the first or second layers 16, 18, but
instead is in addition to, and may even disrupt, the weave of the first or second
layers 16, 18.
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to, and may evestiny #" ¢ BRd U a 16 18.
12 5 Pr ef @abld&ﬂ% d ung‘}@ltoﬁieg{g?ﬁ %ﬂ%@ﬁ%ﬁ?&g&ﬁhﬁﬁé@dﬁ ’

di aneter than eﬂlﬁ‘ﬁ:% L i yarns way be elected than ghe yams 300 such |
tie yarns 320,ussdto makethe finstdnisscond thyess 160E8.pr oj ect ed open area of the.belt

onst humbor of {1 A eyt 220,322 v B rtRen! el fid nalet yari 2, Bgee
rel ative t29 t desisehlerhecause thegdjunct die yames 320; 322; of calrde, reducerthé prajedted
Genor al Iy casi e eofth BeP 0. 1416 Qedidile Rk Gued réin el UAIRRRE 12%ve, ., o
by the prior o (ar2¢ PEOiEctsdOPED jarRg. efrﬁ‘ﬁchSSWReﬁe“ﬁﬁtl-’t dmportany dp ovidingi i zes
the nunber of sufficient pach foPthe atFow therethrough to occur. If limiting orifice drying, such

, as is beneficially described in U.S. Patent 5,274,930 issued January 4, 1994 to

25 Ensign et al. is desired, it becomes even more important that the belt 10 has

sufficient open area. | - _

More importantly, the reinforcing structure 12 according to the present
invention must allow sufficient air flow perpendicula,x" to the plane of the reinforcing
structure 12. The reinforcing structure 12 preferably has an air permeability of at

30 least 900 standard cubic feet per minute per square foot, preferably at least 1,000
standard cubic feet per minute per square foot, and more preferably at least 1,100
standard cubic feet per minute per square foot. Of course the pattern layer 30 will
reduce the air permeability of the belt 10 according to the particular pattern selected.
The air permeability of a reinforcing structure 12 is measured under a tension of 15

35 pounds per linear inch using a Valmet Permeability Measuring Device from the
Valmet Company of Finland at a differential pressure of 100 Pascals. If any portion
of the reinforcing structure 12 meets the aforementioned air permeability limitations,
the entire reinforcing structure 12 is considered to meet these limitations. '

Referring to Figures 3 and 4, if desired, the adjunct tie yarns 320, 322 may be

40 omitted. Instead of adjunct tie yarns 320, 322, a plurality of machine direction yams



necessary to engage the first layer 16 and the second layer 18. This is
because t hewibosagpat tern |l ayer 30 stabilizes the first layer %EIU §I g#%ve to
t he second | ayer 18 once casting is conplete and throughout f % Q

manuf acturi ng process. Accordingly, snaller and fewer adjunct tie yarns
320, 322 may be selected, than the yarns 100 used to nmake the first or
second |l ayers 16, 18. Adjunct tie yarns 348 322 having relatively fewer
and snall er yarns 20, 22 are 20 desi rabl e, because the adjunct tie yarns
320, 322, of course, reduce the projected open area of the belt 10. It is
desirable that the entire reinforcing structure 12 have a | arge projected

open area. Th | t path
for the air fl%(g\%v’%ts% gﬁed:%&%oawm cur” ﬁla#}{q‘ orllra%l!%eb%a“eﬁé&nsuch as
i s benefi ci al Mjthqespeetivecatossrmachine dmt@ntormmeggeamm @anué the 1994
to 25  Ensi gffirstlayed 16.i ‘Ehed@ﬁ\k&ﬁdvenlfmh@qonmW@!ﬂdmﬁﬁnﬁiﬁ%ih@rﬁlmﬁ@t the

belt 10 h f t ant L. f,
?ructureaizss‘hec%e%'a%mp?? e et ool sl feohrB 0 R i
f1 ow per pendi Seqause theserintegrl tie yarns 3Z¢lé22é#lﬂ¢'bl°§ltﬁg fisstrand serond mvers'nie

| cast 900 ot 225%3‘%‘8%‘%%‘*22“‘% iy sgggajgg*'ﬂagg it el 2%""‘2 at

| east 1,000 sibiMA¥EVes =g 109 g remaie v

pregfser ably af thecplane of thie(firstsir sectad tayernls, dﬂmfepndtm;anQQOar e foot.
O course the pat Eﬁrfé}ag YIS i W"blyﬁ%eﬁi‘%f%ﬁ- eg%m errre II%he bel t

10 according to the par |cu attern sel ec y of a
rei nforcing stMeMoyen symacine di %‘PSh“BFh“l‘S ‘SG‘W“HGMMS per
| i near inch u3g2d20 M huémnd\ﬁmimﬁe yiPhy/3200td mexiinizeqead| Net

ST T b Bt PP

permeabi | ity PBdmaybe he entl re re| nforC| ng structure 12 is considered
to nmeet these |inyd gt dieRfativeehiidi arhs 3202323 t he

adj unct tie yarns b 40 omtted In egyof ad| unc e
yarns 320, 322"1 Sz‘m é‘ﬁ Wéhﬂﬁ’e a}ﬁl‘ % ;"
cr oss- machi ne dummtormmmmam memobm keqndrlam I8ayThie
i nterwoven W tehy ﬁﬁﬁﬁ?ﬁ t%ﬁuﬂﬁ Q dB&.Ne direction
yarns 122, 120 b?& | r}t hese, | n Vﬁxg arns 320,, 322 whi ch
do not remamin in !‘ﬁg"ﬂ?'é %‘F“t eﬁr?ém emangle fioMf oy 1 ed
to-as "integr doth the firsy ol $#eeond masbmoacsm s hcombirniatiore of ahe tvae foregaing 320,
322 which joi Q&Eﬁﬁ.'&&o@&goﬁm iﬁ%eﬁ?wﬁpmogﬁze this arrangement may be

used in conjunction with adjunct tie yamns 320, 322 as well.

While other embodiments of the invention are feasible, given the various
combinations and permutations of the foregoing teachings, it is not intended to
thereby limit the present invention to only that which is shown and described above.



18, and stabilize the second layer 18 relative to the first layer 16 are

I nher ent kyp 33844 i N the weave of at |east one such layer e yarns
100 which remain within the plane of the first or second ayer&i%miw are

referred to as non-tie yarns 100. Preferap}y.the integral tie yarns 320,

322 of the second |ayer 18 which are interwoven with the respective

- cross-machi ne direction or machine direction yarns 122, 120 of the first

| ayer 16 are nachine direction tie yarns 320, to maxi m ze seam strengt h.
However, arrangenents having cross-machine direction.integral tie yarns 322
~may be utilized. In an al ternative enbodi nent (not shown), the integral tie
_yarns 320, 32ZyRYt ﬁgutbqglthe first layer 16 and be interwoven wth

t he respectlve nachlne I rection or, cross-machine direction yarns 220, 222
of the second I ayéYPapgrmakingbelt oMAr3PEt nay be easily envisioned by turning

Figure 4 upside dewanfdﬁaﬁgstrudu@retccnﬁnguges 5 and 6, the integral tie yarns
. 320, 324 may emanate fr.om b I dlaers 16, 1

conbi nation of thé ‘f"s% ﬁ? (5%&&)5@ lé&? eJétl‘Cht%ngv'}q(ﬁﬁgtg gge LA FP‘g&’?Sﬁ‘ t he
art will recognize t himachine aitgstiemtyamsy de macking rﬂlaohtpmmdl mswnathlmu unct
tie yarns 320, 322 as giedon lehi %f%s,heﬁrsenaa@ﬂlhaﬁ% hrn! Eﬁnﬂe&\l%h'm

feasi ble, given the various Cconbinations talions of for gm ng

~teachings. it is not PIRERNRYER R 3 ‘B’FPe’PeWH’iSWStk‘Iuﬁ efsrséédeh{‘“qkme‘??ﬁf"ﬂﬁ 4 0
only that which is shewb faciig des planbecd-chlyare of said Jﬂfl'stVWéF lhanr@-d\ltMEBedcﬁ 1.

A paper nmaki ng belt conpris inforcin r sin
facing first |ayer of n?ﬂ?’eh}\’g\}‘é% r?gchl ne&eaqu;gﬁ g&g&% ﬂ‘“ﬁr 8%“ qr‘?achl ne
direction yarns, sai dyamcliamesensiof said templaned crooss- nachi ne direction yarns ‘

of said first |aygrp Qgﬂgﬂlxé;ﬂfﬁ&y%cﬂn&wt&rmé%@ﬁ l?gcﬂuﬂet 8&&9’%?25' h}k gnd'cave

conpri sing knuckl es, nlng acin yarn of
said first layer havi FEPS&-mashing SHECtOB YRES, $aith "ﬂCBP'F Rnd) erogs-giaching :

| ongi t ude remai ni ng Wdir@ttibnlyzﬁns’éf $hidl sévond edyer ﬁém dhterwovien th %Weave said
"4 a machine facing se i rection

cross- machi ne directi ﬁﬁj geé §ﬂ? ale?r]?g‘gﬂ?yﬁé%ﬁ'f’% t?ﬁfﬂgﬂd’y& B‘ggah fﬂtl“‘he
direction yarns of salydnsedw}dddi agtreniagi wighinnk. & yemwdiameterszofisaidvtop planed

characterized in that said reinforcing structure has a thickness at least
2.5 times as great as said yarn diameter; and

‘a pattern layer extending outwardly from said first layer and into said second
layer, characterized in that said pattem layer provides a web contacting
‘surface facing outwardly from top dead cénter longitude of said first
layer, said pattern layer connecting said first layer and said second layer,
whereby said pattern 'layer stabilizes s’éid first layer relative to said
second layer during the manufacture of cellulosic ﬁbrous structures
thereon. '

2. A papermaking belt comprising:

a reinforcing structure comprising:

a web facing first layer of interwoven machine direction yarns and cross-
machine direction yarr:, said machine direction and cross-machine
'direction'yarns of sai¢ ‘irst layer having a yarn diameter and being
interwoven in a weave comprising knuckles, said knuckles defining
web facing top plane, each yarn of said first layer having a top deac
center longitude, said top dead center longitude remaining within 1.5
yarn diameters of said top plane;



first layer and said second | ayer being tied together by a plurality of tie
yarns whi chwamspgsgszremain within 1.5 yarn diameters of said pepusdsa
characterized in that said reinforcing structure has a thickness at |east
2.5 times as great as said yarn dianmeter; and a pattern |ayer extending
outwardly fromsaid first layer and into sai ¥ second | ayer, characterized
in that said pattern | ayer provides a web contacting surface facing
outwardly fromtop dead center longitude of said first layer, said pattern
| ayer connecting said first |ayer and said second | ayer, whereby said
pattern layer stabi |3 mashingifasing pesond dguer of dpigrvoven: fachine) disestiondyares and

during the manufacture QtossghdcHin®dliréctionagisssaid fidehine gitectiBR RO Bros£ machife
paper maki ng belt conpri ?{in .arein or.(ﬁi nc% aaruc ure.cogpri si.ng: a web.
facing first layer of i fsﬁwsmﬁnm Fich &crnd ABEF BRING APREVAYSR 1B Ao¥Eave 3 ne
direction yarns said nadimstrigyediand c4id seconddayer bswg ted hogeheti byex plucaiity af tis  of

said first |ayer having : '63533 : | g : Js e
conprising knuckl es, sai n‘%%@i@es gﬁ%‘?%‘%h%&ﬁig‘ﬁoﬁ%&%gé&@gﬁ yarn
of said first |ayer adipphFresstmashingadirectionepr |adiHyict (aeching, diredting geayarns
center |ongitude remai niyngrwéveRi with r&spe@ive dachive! giréctioh ({&&isdor_t SRdshabiine

15 a machi ne facing secopd layer of.interwoven,.machipe.directign, yarns, and

cross-nachi ne direction @rg tlxg%lyagéﬁ%f ¥iet, ciig Javer %cﬂs Eag‘?'ﬁesga-cﬁéi?ﬁeﬁ@

direction yarns of sai d teesahfrst dayer abdisaid senorel layercrelative aovermvanothen, shid

first layer and said se | Led t : ' ~tie

yarns which do not rem%ﬁﬂ&mdt ﬂ%’?ﬁq@?o}?gﬁﬁh@ﬁgn\g{i@p%f%?sﬁégéﬂg Eaa\fn%?ép

adj unct cross-machi ne diplanst thanacterizedjinithat said ceinfoecing steuaturgrhas jacthickness at

i nterwoven with respect ijyg: fBGiHeIAs }é&@ﬁg’aﬁ?ay@ma&ég}; #ndoss- nachi ne

direction yarns of said we famin!%. a$/er f%? sai wehi ne facing lda;/er o]

tie said first |ayer® BAETayer eaeging quidyardly frpay saiftinst)layeroand 1ptoseid secop

adj unct tie yarns not r dayerndhagicerizéd in thawesajdapartetn fayet provides s aveh donpactihgine,

ghgr f‘ﬂrg;i ggd gir o hgts g}pgagr;g o [Mrﬁrgﬂ hgﬁxgwpedélﬁsceﬂtetr Nbegifhae orhid BAP

' layer, said pattern layer c’cnnecting said first layer and said second layer,

whereby said pattern layer stabilizes said first layer relative to said
second layer during the manufacture of cellulosic fibrous structures

thereon.

3. A papermaking belt comprising:

a reinforcing structure comprising:

a web facing first layer of interwoven machine direction yarns and cross-
machine direction yarns, said machine direction and cross-machine

" direction yarns of said first layer having a yarn diameter and being
interwoven in a weave comprising knuckles, said knuckles defining a
web facing top plane, each yarn of said first layer having a top dead
center longitude, said top dead center longitude remaining within 1.5
yarn diameters of said top plane;

a machine facing second layer of interwoven machine direction yarns and
cross-machine direction yarns, said machine direction and cross-machine
direction yarns of said second layer being interwoven in a weave, said
first layer and said second layer being tied together by a plurality of tie
yarns which do not remain within one yarn diameter of said top plane,

" characterized in that a plurality of said machine direction yarns or said cross-
machine direction yarns of said second layer are interwoven with



a pattern | ayer extending outwardly fromsaid first |layer and into said

second | ayeps;3abaracterized in that said pattern | ayer prP%/.h}gsf /0% glgeb
contacting surface facing outwardly fromtop dead center Y&&%f sai d.

first layer, said pattern | ayer connecti nggsai d first layer and said second *

| ayer, whereby said pattern |ayer stabilizes said first layer relative to
sai d second | ayer during the manufacture of cellulosic fibrous structures
t hereon. 3. A paperneking belt conprising: a reinforcing structure
conprising: a web facing first | ayer. of interwoven nachine direction yarns
and cross- machi ne di FERESHYR CYRIsIRaching direshiomyares af maehingdireation yarns of
cross-nmachi ne direct i eaid fiest heyenis infogehl tieryatns! ta )R saldofirkt idyed a\ﬁé@hi%?&%&ier and
bei ng i nterwoven in aj _\épati%)[g)%esisnn%@uc{] es, .sai d knuckles definng a
web facing top plane, €ach yarn IOTIEr s Safinteeial die YAeSingy remaining within
center |ongitude, said-5 opnddismeternteff shidntpp \planes aviraranierigedniia ihat kaid yar n
dianeters of sai d topriBRfig AnERREIAE afitkils SPRANC S ek Blelhleranyen
machi ne direction yarns d cross-machi ne direction yarns, Sard achne
direction and cross- n¥URGANES & i on yarns of said second |ayer being

i nterwoven in a wapaterndayet ekiending loawedrdigrfror 3aidl firgtdayed ah@¥h shidiseeordi ed

together by a plurali f Al i ngt ‘renmi.n Wi thin one.yarn
- dianeter of said top E)#g'ﬁgyérqﬁger{fefgp gg%g@gipﬂafwggy% RIPYides 4 Y"rﬁ% 8?“@%?}‘%
machi ne direction yar sisfase facingl outvesdly frem itopaiead rcemer bomgitedensf sdid Saitd
second | ayer are inte ' Hf;cs'ai' 0SS [ [ tion
yarns or machine di re([:agi (')Eﬂg/g?%és}n(])afyeig?@eﬁ P st tﬂ"@'f/@??%édn?ﬁ%@&?%nﬂ,{l{ygﬁyar ns
to tie said first | ay®herehy sai; pattesn dayer | stabilizes spid; fixst: layer aeletiven to Iseid, sal.i

integral tie yarns nogedofddayr Nuring! the 'manufachire Nofd baRds Aibdls SRuCtutdP

pl ane, characterized in that said reinforcing structure has a thickness at

| east 2.5 tines as grg}ffwgs said yarn dianeter; and a pattern |ayer

extending outwardly fromsaid first |layer and into said second | ayer,

characterizedg n t L. : 0iid : [ urface

faci ng outwar 3 [y fro%]a'?t%gggud@}da t?gﬁ?ﬂgﬁ&ﬁé %{@éa;&ﬂg‘é&graﬁ %Bé%ﬁtn that sdid
machine direction yarns and said cross-machine direction yarns of said first

layer are generally orthogonal and thereby form knuckles, characterized in
that less than fifteen percent of said knuckles are interwoven with said
plurality of yarns extending from said second layer.

5. A papermaking belt according to Claim 4 characterized in that said machine
direction yarns and said croés-machine direction yarns of said first layer are
generally orthogonal and thereby form knuckles, characterized in that one
percent to five percent of said knuckles are interwoven with said plurality of
yarns extending from said second layer. |

6. A papermaking belt according to Claims 1, 2, 3, 4, and 5 characterized in that
said yarns of said first layer are interwoven in an N over, 1 under weave, and
preferably said N over yarns are cross-machine direction yarns. '

7. A papermaking beli according to Claim 6 chﬁ_racterized in that N equals 1.

8. A papermaking belt aéCording to Claims 1, 2, 3, 4, 5, 6, and 7 characterized in
that said papermaking belt is a forming wire.

¢



| ayer, said pattern |ayer connecting said first |ayer and said second
layer, wherwBysssisd pattern layer stabilizes said first |aygicpnfdoghdsye t o
shi d second | ayer during the manufacture of cellulosic fibrous structures

t hereon. 4. A papernmeki ng belt according to Clains 1, 2, and 3
characterized in that said machine directiof’yarns and said cross-nachine
direction yarns of said first |layer are generally orthogonal and thereby
form knuckl es, characterized in that |less than fifteen percent of said
knuckl es are interwoven with said plurality .of yarps exiendi fromsaid
second | ayer. 5.9 A%HS&B@?%‘P&‘W@CWEI"B tﬁ&%ﬂ?‘ailng :{]'c‘)"'%éfi Wﬂf‘%’%"‘a"@?@ﬁ“zed
in that said nmachi nehdlissig phpermalkias belt Brthraigh-airrdrgmg belchi ne di rection yarns
of said first |ayer are generally orthogonal and thereby form knuckl es,
characterized in that one percent to five percent of said knuckles are

i nterwoven with 19ai A paperaiaking brlt pegondingxtoekifimy ¥ rbndsdi & sbcdnd ped & .

6. A papernaking Qﬁ&&aﬁﬁf@rﬂ'tﬂ& $afl RiffoFBingl stndoturd had anadidl pErntdaBliCHEEI zed

in that said yarns ?

sald first Layer are.interwoven.n an N over, 1 under
weave, and prefer abl?sk%qoﬁtwdé(p;?”%&yafgﬁs“é%mﬁ? BYSIHAERPHe direction yarns.

7. A papernmaki ng belt according to Claim6 characterized in that N equals
1. 8. A papernmaki ng belt according to Clains 1, 2, 3, 4, 5 6, and 7
characterized in that said papernmaking belt is a formng wre. 17 9. A

paper maki ng belt according to Clainms 1, 2, 3, 4, 5, 6, and 7 characterized
in that said papermaking belt is a through-air-drying belt. 10. A

paper maki ng belt according to Cains 1, 2, 3, 4, 5, 6, 7, 8 and 9
characterized in that said reinforcing structure has an air perneability of
at | east 900 standard cubic feet per mnute per square foot.



