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ABSTRACT

A multilayer fabric formed from two or more base structures or layers, which may include a layer
or layers formed from multiaxial strips of material or layers of fabric in combination therewith for
use on a paper machine, the fabric including at least one layer having a plurality of machine
direction (MD) yarns and cross-machine direction (CD) yarns interwoven in a predetermined
manner such that a distance between MD yarns varies and/or the distance between CD yarns also

varies such that there is a reduction of the interference pattern or the Moire Effect as between the

layers making up the fabric.
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MULTIAXIAL FABRIC HAVING REDUCED INTERFERENCE PATTERN

S  Beld of the Invention

The present invention relates to improvements in multilayer multiaxial

fabrics for use in a papermaking machine.

Description of the Prior Art

10 During the papermaking process, a cellulosic fibrous web 1s formed by
depositing a fibrous slurry, that is, an aqueous dispersion of cellulose fibers, onto a
moving forming fabric in the forming section of a paper machine. A large amount
of water 1s drained from the slurry through the forming fabric, leaving the
cellulosic fibrous web on the surface of the forming fabric.

15 The newly formed cellulosic fibrous web proceeds from the forming section

' to a press section, which includes a series of press nips. The cellulosic fibrous web
passes through the press nips supported by a press fabric, or, as is often the case,
between two such press fabrics. In the press nips, the cellulosic fibrous web 1s
subjected to compressive forces which squeeze water therefrom, and which adhere

20  the cellulosic fibers in the web to one another to twm the cellulosic fibrous web into
a paper sheet. The water 1s accepted by the press fabric or fabrics and, ideally, does
not return to the paper sheet.

The paper sheet finally proceeds to a dryer section, which includes at least

one series of rotatable dryer drums or cylinders, which are internally heated by

25  steam. The newly formed paper sheet is directed in a serpentine path sequentially
around each in the series of drums by a dryer fabric, which holds the paper sheet
closely against the surfaces of the drums. The heated drums reduce the water
content of the paper sheet to a desirable level through evaporation.

It should be appreciated that the forming, press and dryer fabrics all take the

30  form of endless loops on the paper machine and function in the manner of

conveyors. It should further be appreciated that paper manufacture is a continuous
1
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. °pIOCESS vﬂ;ich proceeds at considerable speeds. That is to saiy, +he fibrous shurry is -
continuously deposited onto the forming fabric in the forming section, while a

newly manufactured paper sheet is continuously wound onto rolls after it exits from
fhe dryer section. |
The present invention relates primarily to the fabrics used in the press

- section, generally known as press fabrics, but it may also fmd application in the.

fabrics used in the forming and dryer sections, as well as in those used as bases for
polymer-coated paper industry process belis, 'sucb as, for example, long nip préss
belis: . '

Press fabrics play a critical role during the paper mamtfacturing process. |

. ‘One of therr functions, as implied above, 1s to support and to carry the paper

product being manufactured through the press nips.

Press fabrics also participate in the finishing of the surface of the paper
sheet. That is, press fabrics are designed {o have smooth surfaces and uniformly
resihient structures, so that, in the course of passing through the press nips, a
smooth, mark-free surface is imparted to the paper.

Perhaps most mmportantly, the press fabrics accept the large guantities of
water exiracted from the wet paper n the press nip. In order to fulfill this function,
there hiterally must be space, commonly referred to as void volume, within the
press fabric for the water to go, and the fabric must have adequate permeability to
water for its entire useful life. F inally, press fabrics must be able to preveni the

“water accepted from the wet paper from returning to and rewetting the paper upon

- . exit from the press nip.

25

30

Contemporary press fébﬁcs are used in a wide irariety of styles déﬁgned.to
meet the requircments of the paper machines on which they are installed for the .
paper grades being maaufactmed- Generally, they comprise a woven base fabric
into which has been needled a batting of fine, non-woven fibrous material. The
base fabrics may be woven from moﬁoﬁiammt, phied monofilament, multifilament |
or plied multifilament yarns, and may be single-layered, multi-layered or
laminated. The yarns are typically extiuded from any one of several synthetic:
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polymézic -;;esins, such as polyamide and polyester resins, used for this:purpose by
those of ordinary skill in the paper machine clothing arts.
Woven fabrics take many different forms. For example, they may be woven

endless, or flat woven and subsequently rendered into endless form -with a seam.

5 - Alternatively, they may be produced by a process commonly known as modified . .-

10

- 15

20

25

endless weaving, wherein the widthwise edges Qf the base fabric are pro;vidéd' with
seaming loops using the machine-direction (MD) yarns thereof. In this IO cess,‘ the -
MD yams weave continucusly back and forth between the widthwise edges of the

fabric, at'each edge tirning back and forming a seaming loop. A-base fabric |
produced in this fashion is placed into endless form during installation on a paper
machine, and for this reason is referred to as an on-machine-searnable fabric. To .
piace such a fabric into endless form, the two widthwise edges are seamed together.
To facilitate seaming, many current fabnes have seaming loops on the crossudSe -
edges of the two ends of the fabric. The seaming loops themselves are often
formed by the machine-direction {MD) yamns of the fabric. The seam is typically
formed by:bﬁn ging the two ends of the fabric press tog ether, by interdigitating the
seaming loops at the two ends of the fabric, and by directing a so~called pin, or
pintle, through the passage defined by the mterdigitated seaming ldops to lock the
.twb ends of the fabric together.

Further, the woven base fabrics may be laminated by placing onebase
fabric WIthn the endless loop formed by another, and by needling a staple fiber -
‘batting through both base fabrics to join them 10 one another.:One or both woven -
base fabﬁcs may be of the on-machine-seamable type. : - |

In any event, the woven base fabrics aie' in the form of endless loops, or are

seamable inio such forms, having a specific length, measured longitudinally

therearomid, and a specific width, measured transversely thereacross. Because

paper machine configurations vary widely, paper machine clothing manufacturers
are required to produce press fabrics, and other _pa;ﬁer machine clothing, to the
dimensions requured to fit particular posﬁicns in the paper machines of their



10

20

NI
L

CA 02928858 2016-05-04

customers. Needless to sgy,' mﬁ,feqtﬁ;*ezaent makes it difficult to sireamline -the L

manufacturing process, s each press fabric must typically be made to order.

n response 1o this need to produce press fabrics in a variety of fengths and
widths mozﬂ qmckly and efficiently, press fabrics have been produced inrecent
years using a spiral winding technique disclosed i m cormonly assigned U.S. Paient‘f
No. 5,360,656 to Rexfelt ot al. (the ‘656 patent). I

The “656 patent shows a press fabric comprising a base fabric having one or

| IMOore 155%:1:3 of staple fiber material needled thereinio. The base fabric comprises aft

least one layer composed of a spirally wound strip of woven fabric having a width
which is smaller than the width of the base fabric. The base fabric is éndless in the .

longitudinal, or machine, direction. Lengthwise threads of the spirally wound sirip
make an angle with the longitudinal direction of the press fabric. The stripof .

woven Tabric may be flat-woven on a loom which is narrower than those typically

used in‘the production of paper machine cicthing.
The base fabric comprises a plurality of spirally wound and joined +ums of

the relatively narrow woven fabric sirip. The fabric strip, if flat woven. is woven

from lengthwise (warp) and crosswise (filling) yarns. Adjacent turns of the spirally

wound fabzic sitip may be abutied against one another, and the spirally coptinnous
seam so produced may be closed by sewing, sitiching, melting, welding (e.g.

~glirasonic) or ghuing. . Altermnatively, adjacent longitudinal edge portions of

adjoining spiral tures may be arrang vecl overlappingly, so :1ong as the edges have a
reduced thmkness, so as not to give rise 1o an increased thlckness in the area of the

overlap. Alternativek 52 sz:ul, the spacing between lengthwise yarns may be increased .

at the edges of the sirtp, so that, when adjoining spiral turns are arranged

oveﬂa;)pmgiy, there may be an unchanged spacing bemeen Iengthvase threads in -

~ the area ofithe {Weﬂap

A mulﬁama} press fabric may be made of two or more separate base fabrics
with yarns mnm:ng it at least four dufierent directions. Whereas the standard press

fabrics of the prior art have three axes: one in the machine direction (MD), one in
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the cross-machine direction (CD), and ope in the z-direction, which is through the
thickness of the fabric, a multiaxial press fabric has not oniy these three axes, but
also has at least two more axes defined by the directions of the yam- systems in ifs
spirally woand layer or layers. Moa'eover fthere are multiple flow paths m the z-
&Iecﬁon of a multiaxial press fabnc As a consequence, a mulfiaxial: press fabric

 ‘has at least five axes. Because of its multiaxial structure; a muiltiaxial press fabric

having more than one layer exhibits superior resistance to nesting and/or to
-coﬂapse in response t0 compression i a press mp dunng the papermaking process -
as compared to one having base fabric layers whose yarn systems are paraliel to
one another. |

The fact that there are two separate base fabrics, on top of the other, means
that the fabrics are “laminated” and each layer can be designed for a different
functionality. In addition, thé separate base f ab;icé or layers are typically joined
together in a manner well known to the skilled artisan including, depending upon
the application, as aforssaid the needling of batt therethrough.

As mentioned above, the topography of a press fabric confributes to the
quality of the paper sheet. A planar topography providés a uniform pressing surface

for contacting the paper sheet and reducing press vibrations. Accordin gly, efforts

have been made to create a smoother contact surface on the press fabric. But
surface smoothness may be limited by the weave pattern forming the fabric. Cross-
over points of interwoven yarns form knuckles on the surface of the fabric. These
kuuckies mé.v be thicker in the z-direction than the remaining areas of the fabric.

| -Consequ enﬂy, the: surface of the fabnc may have a non-planar topo graphy

charactenized with locahzed areas of varying thickness, of caliper variation, which
may cause sheet marking during a pressing operation. Cabiper variation can even
have an adverse effect on a bait layer resulting in non-uniform batt wear,
ecémpréséien and marking. |

Laminated press fabrics, 5p ecifically multiaxial fabrics, may have such

caliper variation. Specifically, in the special case of a multiaxial fabric-having two
layers with the same weave pattern, localized caliper variation may be intensiiied.

S
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“Therefore, a need exists fora multiaxial press fabric with reduced caliper variation -

1o mlprove pressure distribution and reduce sheet madang during operation. © . - -

SUMMARY OF THE INVENTION
The present invenﬁon pmvzdcs a—nmh:i}ayer fabric for a paper machine

| ~ having Jmpmved pressing mlfomty and reduced sheetmarking.

The invention in one emboaamem prowdes a multﬂayer fabrié Formed from

+wo or more base structures or layers, which may include a layer or layers formed

from mmitiaxial strips of material or layers of fabric in combination therewxth for
use on 2 paper machine. In the first embodment, the fabric mcludes at least one
layer having a p]urahty of machine direction (MD) yarns and cross-machine

direction (CD) yarns interwoven in a predetermined manner such that a distance
‘_ between MD) yams varies and/or the distance between CD yarns also varies such

that there is a reduction of the inferference patiern or the Moire Effect as'between

the layers making up the fabric.

In the second embodiment, the present mmvention provxdes for a multilayer

fabric for use with a paper machine including an upper woven layer, a lower woven

{ayer formed for example in a manuer as described in 'U.8. Patent No. 5,939,176 to
Yook (the ‘176 patent) mth however a nouwoven layer disposed therebetween so
as to create void volume, maintain fabric openness and lessen or eliminate
interference patierns between the woven layers.

Tn a third embodiment, the present invention provides for a multilayer fabric

} for use with a paper machine which may be formed for example in-a manner

.25

30

.de‘scn'bed in the “656 or *176 patents including an upper woven layer and a lower

| woven lave: mth the inside of the upper 1ayer and the msxde of the lower layer are

flatteped or calendered to reduce the height of knuckles thereon, so as to minimize

ncstmg therebetween and thereby lesser or eliminate localized cahper variations

ani/or fnterference patterns between the woven layers.

Tn a fourth ermbodiment, the present invention provides for a multilayer -
fabric for use with a paper machine. Two or more layers are woven of MD and CD

varns. A plurality of MD yarns and a first phurality of CD yarns form a first shed
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paﬁem, and/or the pharality of MD yams and a second phn-ahty of CD yarns-form a
second shed pafiern withina fabnc Elayer such that when two or more layers are -

| placed on top of each other so as to create the multilayered fabric, the mnterference

~ patiern. therebetween is lessened.

Ina ﬁfth embmm, the prssent invention mvolves a 1ammate matcnal

- which becomes paxt of a mmltilayer fabric with 2 muitiaxial base. -

Note the pumbering of the various embodiments 1s merely for claﬁ‘;y and
readabﬂity purposes and should in no way indicate a particular order ,bf;pxeference
or importance. ,

Note further that while onks y certain layers may be dlscussed, such layers

* may be part of a fabric having additional layers. For example, in a press fabric one

or more layers of ba'tt fiber would be added to cither the paper con:tact side or
machine side of the Jamanate by way of, for example, needling.

The present inveniion will now be described in more complete detail with
reference being made to the figures wherein like reference numerals denote like
elements and parts, which are identified below. '

| BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the mvention, reference 1s made to
the following description and accompanying drawings, in which:

FIG. 1 is a fop view of a multilayer muttiaxial fabric in the form of an .
endless loop;

FIG. 2 is an interference pattern formed from carbon 1mpresswns ofa

mlﬁtﬂayer multiaxial fabnc | |
FIG.3isan mtexference pattern of a pnerr art multﬂayer fabrtc havm gan-

offset Df {°:

FI1G. 41san mterference pattem ofa pnor art multilayer: multi amal fabrie

having an offset of 3°.

- FIG. 5 is a representation of the tope eraphy of the pnor art muliilayer
multiaxial fabric depicted m FIG 4 |
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FIG.Gisa representation of the togé graphy of a prior mmu}tﬂayer -
multiaxial fabric having an offset o 6% =~ |
FIG. 7 is a layer of a muhtilayer multiaxial fabric in accordatice withthe
tirst embodiment of the present invention; R ' E
5 F1G@. 8 is an interference pattern of a muitilayer multiaxial iébnc having two
- ayers, each layer havmg the variable MD yan spacing depict;;‘:d mFIG. 7. o
FIG. 9 1s a representation of the topography of the multilayer multiaxial
fabric depicted in FIG. 8; |
FIG. 10 is a layer of a multilayer multiaxial fabric having variable CD yarn
i 0. spacing in accordance with the first embodiment of the present invention;
FIG. 10a is an interference pattern of a2 multilayer fabric.having two layers,
each layer having the weave pattern depicted m FIG. 10.
FIG. 10bisa repméntaﬁon of the topo g_ra?hy of the multlayer muifiaxial .
fabric depicted i FIG. 10z; |
15 FIG. 11 is another exam;ﬂe of a layer of a multilayer multiaxial fabric
having variable CD yamn spacing in accordance with the ﬁ:st embodiment of the
present inventon; |
FIG. 12 is a multilayer multiaxial fabric in accordance with the second
embodiment of the present mvention;
20 F1Q. 13 is a multilayer multiaxial fabric in accordance with the third
embodiment of the present mvention; | ‘
FIG. 14 is a regular plain weave strip of mzilﬁakial mateﬁal; .
- FIG. 14a depicts a layer of strips of multiaxial material having desired shed
'-'patte'ms; h _ | | | .
25 FIG 14b depicts an intérference pattern for a multilayer fabric formed of-
two patterns offset from one another in accordance with a fourth embodiment of the
 present invention; | o a
F1G. 14¢ depicts a pattern for a multilayer prior art fabﬁc formed of two -
layers of two standard weave patierns offset from one another at a typical desired
30 angle;
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FIG. 15A depicts a reprosentative sultiaxial base fabric; and -
F1Gs. 15B-D depicts multilayer multiaxial fabrics incorporating élanﬁnm
material in accordance with the fifth embodyiment. -

DETAILED DESCRH’TIGN |

Mzﬂnlayer fabrics may inchide two or more base snbsh'ates or layers. -The
p:éesent mvention is, however, particularly suited for multilayer, multiaxial fabrics.
That being fabrics made of smps of material such as those described in the | |
~ aforesaid "636 pétent While the present invention has particnlar application with |

‘18 gard to layers of woven sirips of material, other construction of the strips as, for -
examg:«ie mesh and MD and CD YyaIn arrays among others that may exhibit the
Moire Effect when layered may also be suitable for application as to one or more 6f
the embodiments discussed herein. Also, it should be further understood that the -
layers-of fabric may be a combination of layers such as layers of multiaxial layers
with a layer of traditionat endless woven 1abric or some combination thereof and
joined together by need]ing- or in any other manner suitable for that purpose,

With that in mind, the invention will be described using as an examplea
multiaxial woven fabric having at least two layers which may be separate layers
such as that described in the ‘656 patent. 1 also could be for example an endless
multiaxial fabric folded upon itself along first and second fold lines such as that
described in the ‘176 patent, or some combination thereof. In this regard, the

'. present invention provides for a multiaxial press fabric including a first (upper)

- woven layer and second (lower) woven layer, each layer haan a; ;plmahty of
-mterwoven MD yams and CD yarns. Multiaxial fabsics ‘may be ﬁxrther |
characterized as having yarns running 1n at least two different ﬂﬂ@ctzons. -Due to
 the spiral orientation of the strips of material which form the fabric, the MD yarns
are at a slight angle with the machine direction of the fabric. ‘A reia‘ave angle or .
offset is also farmed between the MD yarns of the first las yer with the MD yarns of |
the second layer when laid thereon. Similarly, the CD yams of the first layer being

perpendicular to the MD yarns of the first layer, form the same angle with the CD ..
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yarns of the second layer. In shoit, neither the MD yarns nor the CD yaros ofthe
first layer align with the MD yarns or the JCDyams;:tffthé second layer when a
spiral formed fabric are laid upon each other o create a multilayer fabric.
Tuming now specifically 0 ¥1G. 1. there is shown a typical multilayer -
muiﬁamal fabric 100 having a first (upper) layer 1 10 and 2'second (lower) layer

120 in the form of an endless loop. As noted earlier, depending upon the ultimate

fabric construction, additional layers may be added such as.one or more layers of
bait fiber attached by way of, for example, needhing. ¥irst laver 110 has MD yaros
130 and CD varns 140. Similarly, second tayer 120 has MD vams 150 and CD

-yaros 160. Further, a relative angle or offset 170 is formed between MD yarm 130

and MD yarn 150. Once multiaxial fabric 100 has been assembled, it may be
rendered into endless form with a seam as shown, for example, inthe 176 patent in

addition to U.S. Paient Nos. 5,016,421 (ibe *421 patent) and 6,117,274 (the 274

patent). As may be appreciated, other ways of forrning multiaxial fabric 100 would
be readily apparent fo those of skill in the art, |

It should be noted that in the case of most laminated multilayer fabrics

whether or not multiaxial, some characteristic mierference or the Moire Effect may
occur since yam alignroent between layers 1s not often perfect. -In laminated
multiaxial press fabrics (those consisting of two or more base structures or layers as
shown i FIG. 1) such fabrics the extuabit Moire Effect that 15 a fanction of the -

“spacing and size of both MD and CD yazns. This Effect is enhanced if the yarns
-are single monofilzment yarns, especially as the diameter increases and count

| :deézea"ses. The Effect exists in multiaxial fhbncs éiiiéé the orthogonal yam systems
of one :ié,yer is not parallel or perpendicular to those of the other layers.

- Mulhaxial multilayer fabric structures bave provided mamy papenmaking

performance benefits because of their abihiy fo resist base fabric compaction better
- than comventional, endless woven laminate structures. The reason for this is that, in

the case of, for example, a two-layer multiaxaal laminate, orthogonal yarn systemns

of one layer are not parallel or perpendicular to those of the other laminated layer.

10
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However, ‘ibeoause of this, the relative angle between the respective MD and CD .
yarn systems of each layer (1.e.dayers 110 and 120) ranges in practicality from 1 to
7° offset. The effect of this angle is that it greatly intensifies the Moire Effect and
cpﬁld cause the planarity of the interfacial topography {o deteriorate.

The Effect in this regard is shown in FIG. 2 where an intej‘;ferenée pattern -
200 is formed in a prior art multilayer multiaxial press fabric illustrated.

Interference patterns are characteristic of the yarn arrangement forming a

multilayer multiaxial fabric and illistrate the pressure disinbution of the press
fabric during operation. Here, interference pattern 200 1s formed from carbon
impféss’ion of a multilayer multiaxial fabric having monofilament yarns in both

- .directions. Contact points 210 indicate areas of pressure concentration exerted on

the sheet during a pressing operation. Specifically, dark contact point 220 is an

area of highest pressure which may indicate a high caliper area. ‘The high caliper
area may result from knuckles formed from overlapping yarns in the first and
second layers. In contrast, licht contact point 230 is an area of lower pressure

* which may indicate a low caliper area. F urther, open area 24{ maybe an area

where no yarns miersect.

The patiern of Hght contact points 230 and dark contact pomis 220 mdicates
a non-plapar topography and a nop-uniform pressure distribution. Specifically,
MD bands 250 aﬁd CD bands 260 form areas of high caliper and exemplify caliper
variation. This visual representation is known as a Moire Effect.

Caliper vaﬁaﬁon may be a function of the spacing and size of the
mtersecting yamsm sach layer of the fabric. Thsréfore, as the diameter of yarns

4ncrease and the number of yarns in a specified area, or count, decreases, the

localized caliper variation is more prominent and objectional sheet marking may

OCCUr.

An interference pattern for a multilayer multiaxial fabric is generated by

superposing a first woven layer onto the plane of the second woven layer. Using a

‘modeling program you can generate interference patterns and topography for any

combination of types of layers in multiaxial fabrics.

.\1 1
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FIG.3isan ‘in?ferference patigrm 300 bf—a fabric formed by superposinga
first woven layer onto the plane of 2 second woven layer. . The fabric is formed

from two layers having a plain weave of monofilament yarns having an offset of 0°.

~ In other words, there is no multiaxial effect prévided by each layer. As shown, the
yaros of the first layer entirely overlap the yarns of the second layer. - |

T1G. 4 is an interference pattern 400 of a multiaxial multilayer fabric .
formed from the same woven fabric layers 110 and 120 as in FIG. 3, but having an
offset of 3° from each other. MD bands 410 and CD bands 420 are clearly visible,

which may indicate caliper, mass and/or pressure variation. Such a fabric when in

use may resuit in non-uniform drainage of water from the paper sheet which

-obmously would be undesirable.

FIG. 51is a representation of the topo graphy 500 of the multiaxial multilayer
fabric depicted in FIG. 4 having points or regions 510, 520, 530, 540 and 550.

- Black point or region 510 represents an area where 4 yarns cross, dark grey 520

represents a point of region where 3 yarns cross, medium gray 530 represents a
point or region where 2 varns cross, and white 550 is open area. As shown, the
topography may be non-planer with MD bands 560 and CD bands 570.

FIG. 6 is a representation of the topography -600 of the multiaxial multilayer
fabric depicted in FIG. 4, with an offset of 6° between layers. As shown, the
toi} ography is non-planer. In this close-up representation, the caliper, mass and
pressure variation of the fabric is clearly shown. More specifically, region 610

indicates an-area where four yarns oyerlap. The pattern of the points may result in

- MD bands azad CD bands as aforenoied well.

Tmma now to FIG. 7 there is shown layer 7“0 in accordance W}th the first

=em'bo diment of the pxcsent invention. Layer 700 includes a plurality of MD yarns
7 10 and CD yarns 720 interwovenin a predetermined manmer. The distance or

N -sp@cmg 730 between one pair of adjacent MD yarns 710 is different thap the -

distance ot spacing 7 40 between another pair of adjacent MD vams 710. Further,
the distance 750 between one pair of adjacent CD yarns 720 1s different than the

36 distance 760 between another pair of adjacent CD yarns 720. That is, layer 700 has

12
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yariable dlstances or spacing between pairs of adjaccnf MD yamns 710 and variable -

- distances or spacing between pairs of adjacent CD yarps 720. This purposeful

introduction of what might be considered “pon-uniformity™ into each layeris such °
that the net,non-m:ﬁformitye'ﬁ’ect 1s less. o
~Although the variable distances are shown between adjacent pawrs of

adjacent MD yarns and between adj acent pairs of adjacent CD yarns, the invention ;

is not so limited. A variable distance or spacing between paus of adjaceﬁt MD

yarns and/or between pairs of adjacent CD yarns inay be arranged mn any manner. -

For exam;ﬂé, distance 750 between one pair of adjacent CD yarns 720 may be
followed by a distancé 760 between another pair of adjacent CD yams 720 -
followed by a distance 770 between another pair of adjacent CD yarns 720 and so0 - -
forth, ora nﬁmbez of distances 750 between pairs of adjacent of CD yarns 720
followed by a number of distances 760 between adjacent pairs of CD yarns
followed by a number of distances 770 and so forth. Further, there may be only
one distance between pairs of adjacent CD yarns throughout the length of the fabric

that may be different than the remaining distances between pairs of adjacent CD

varns. Alternatively, all the distances between pairs of adjacent CD yarns may be
different. The variable distances described between pairs of adjacent CD yams
may be applied to the distances between pairs of adjacent MD yarns. Such

anang ement of variable distances between pairs of adjacent MD yarns-and between

pairs of adjacent CD yarns may improve pressing uniformity and reduce sheet |

| marking. Any combination of distances between MD yarns ‘and/or CD yarmns is

envisioned in the present invention. |
| FIGS. 8 and 9 are the interference pattem and ioPO oraphv of the mﬁlﬁlaye-i*
multiaxial fabric having a first layer and a second -lajfsr in the staggered |
arrangement of varying MD and CD yarn spacing as shown in Figure 7. Each layer
:i-s offset of 3° iﬁ'oﬁl"each gther. Asshownin FIGS, ;8‘ and 9, fhé well defined Moire
Effect MD.and CD bands that are characteristic of prior art multilayer mulhaxial
fﬁbﬁcs (compare FIGS. 2, 4, and 5) has been reduced or eliminated. Accordingly,
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| -'ihe 1opo g.raphy of the fabric is more nniform and should ’résuit in iq;;'}roﬁed |
pressing uniformi’;y with reduced sheet marking. |
Note that implementation of the desired spacing of, for example, the MD
~ and/or CD yarns is readily accorplished by the skilled artisan. In fhis regard,
'S predetermined distances between pairs of adjacent CD yarns may be achieved bya -
programmed serti;) control of length factor in weaving or selective weave patterns
to force non-uniform or variable grouping, and/or use of randomly or non-
randomly mserted dissolving yams. For example, in FIG. 10 layer 1000 1s a patiern,
for example, which has a plurality of nterwoven MD yarns 1010 and CD yains
10 1 020, with vaziabie CD spacing. 'Th.at 1s, a first spacing 1030 is different than a
second spacing 1040. While the CD spacing varies in this illustration, the MD
~ -spacing 1050 does not. Accordingly, the variations and combinations are infinite.
FIGS. 10a and 10b are the interference pattern and topography of the
multiaxial fabric having a first layer and a second layer formed from the weave
15  pattern and yarn spacing depicted in FIG. 10. As shown m FIGS. 10a and 10b, the
| higher CD yarn count and the variable spaced CD yarns depicied m the weave
pattern of FIG 10 result in minimizing well defined MD and CD bands, compared
to that of FIGS. 4 and 5. Accordingly, the topography of a multiaxial multilayer
fabric can be rendered more uniform, which should result in improved pressing
20  uniformly and reduced sheet marking. |
FIG. 11 is another example of a layer with a weave pattern baving variable
CD spacing. FIG. 11isa layer 1100 having a plurality of MD yarns 1110 and CD ,'
yarns 1120 with non—nmffm:z CD spacing. Thai 1s, the d15tance ‘between pmrs of

adjacent CD yams 1S dlﬁ'erent. For example, a first distance 1130,.a second
- 25  distapce 1140 and a-third distance 1150 are different and so on.

Note that while -the.‘}/ID Y&IB.S; 11 Ié are shown 1o be at a uniformly-spaced
distance from éach other, variation éf such spacing is envisaged as part of the
present invention. In this regard, the predetermined spaced distances between pairs
of adjacent MD yarns may be achisved by, for example, non-uniform reed dent

3D spacing, mulﬁpie diameter MD strands, or non-uniform reed dent insertion of yams

14
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among others. Other ﬁay's of producing variable predetermined distances between -
pa.u's of adjacent MD yarns ‘woul_d be readily apparent to those so skilled in the art.

" In addition as fo all of the embodiments discussed herein, additional layers canbe

10

15

20

25

added such as fiber batt attached by needling,
- Turping now to the second embodiment of the present invention, it involves -

the use of the nonwoven layer 1_23 0 between the multiaxial layers 1210 and 1220 -

- which serves to create void volume and preserve fabric openness. Also the -
interference pattern that commonly occurs between multiaxial layers 1s reduced or

eliminated by disposing a nonwoven layer between a Tirst (upper) woven layer and -
a second (lower) woven layer of a multiaxial fabric. The nonwoven layer may
include materials such as knitted, extruded mesh, MD or CD yarn arrays, and full
width or spiral wound strips of nonwoven fiberous material.

This is illustrated n FIG. 12 which is an on-machine seamable multilayer .

- moultiaxial fabric 1200. This fabric 1200 is created by creaﬁng-a double length -

seamed multiaxial fabric that is flattened. Upper layer 1210 and lower layer 1220
are made mto the form of an endless fabric as provided 1n patent ‘176 to Yook with
a nonwoven layer 1230 is disposed between upper wovenlayer 1210 and lower
woven layer 1220 prior to folding over. Nonwoven layer 1230 may be that as
aforesaid and typically comprises a sheet or web structure bonded together by
entangling fiber or filaments mechanically, thermally or chemically. It may be
made of any suitable material, such as polyamide and polyester resins, used for this

. purpose by those of ordinary skill in the paper machine clothing arts. Nonwoven
- layer 1230 may be disposed' between upper woven layer 1210 and lower woven

layer 1 220 by any means so known by those skilled in the art. After nonwoven
laver 1230 1s dispo sed between upper layer 1210 and lower layer 1220, the fabric
1200 may be rendered into endless form with a seam as taught by the 176 patent. -
The resulting fabric is a three-layer laminate, i.e., woven multiaxial layer,
NONWOVEN iayér and woven multiaxial layer. Again, additional layers may be

added such as fiberous batt in the case of press fabrics.

15
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In yet the third embodirhent in a;:c ordance Wlth the present inventi 0:1:1, the
topography of a multilayer multia:s:iél fabric may be made more planar by flattening -
the inside of the fabric, which1s ultimately one side of each layer that forms the
multilayer multiaxial fabric. Specifically, the multiaxial fabric when flattened upon
iiself aien ¢ a first and second fold tine and made on-machine-seamable as taught in '
the “176 patent can be considered to have an upper layer haviz;g a plurality of
interwoven MD and CD yarns having an inner side and an outer side; and alower
layer having a plurality of interwoven MD and CD yarns having an inner side and
an cuter side. ﬂae} knuckles or yarn crossovers of the inner side of the upper layér.

and the inner side of the lower layer may be flattened by a predetermined technique

such as calendering. The predetermined technique as atoresaid may be any process

that flattens kouckles on cach of the layers so as to 1mprove pressing mndformity
and reduce sheet marking. For example, one predetermined technique may be
caiendeﬂng one side of each layer at the appropriate pressure, speed and
temperature to flatten knuckles. The mtiilayer multiaxial fabric s then assembled

so that the smooth sides of the two layers, after flatiening, are in contact with each

other (smooth side on the smooth side). The calendered fabric with twe smooth
inner surfaces should have reduced caliper variation because the layers of the fabric
will less likely nest in a given area. Nesting occurs whenever the yarns or knuckles
of one fabric layer shift or nest info the openings between yarns or knuckles of the
other layer. The interference pattern may still be visible fo a certain extent but the
potentially harmful caliper variation may be significantly reduced thus improving
,pressaire disiztibuﬁbz_i. ‘Note that a similar approach may be taken to the .iﬁdividual
layers making up a Fabric taught m the “;656 patent.

FIG. 13 illustrates a multilayer multiaxial fabric 1300 which is formed by
an endless single layer multiaxial fabric folded upon 1tself to create a double layer

fabric and rendered on-machine-seamable in a manner discussed, for example, n

the aforenoted ‘176 patent. After folding, the multiaxiai fabric 1300 has
alternatively a first layer 1310 and a second layer 1320, First layer 1310 includes

stmer side 1330 and outer side 1340. Similarly, second layer 1320 includes inner

16
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side 1350 and outer side 1360. One or both of the iomer side or outer side of edch - -
| {ayer, for example, inner sides 1330 and 1350, may be, for example, calendered to
flatten the knuckles of the woven layer so that the caliper variation1s reduced.

in vet a' fourth embodiment in accozdanée with the presei{{t invention,the - -:

- iayers of a mzﬂhamal fabric may each be formed by. mzxmg dnﬂ"erent weave 1'°peats

oF shed paﬁems “The number of yaIns mtezsected tefore a weave pattern repeats 15 -

%known as a shed. For example, a plain weave can therefore be termed a two shed

Y

 weave. By mixing the shed paiterns in a fabric, for example, a 2-shed paitern with a

3-ghed patiern, a shuie in the 3-shed weave may z1 o7ag or interlace between ends of
the 2-shed weave. The interlacing yam between the 2-shed ends may reduce

caliper variation and improve pressing uﬁifermify. The interlacing yam may be in
the machine direction and/or the cross-machine direction. |

Fig. 14 is a representation of a layer 1405 of regular plain weave sirip of

-multiaxial material. Fig. 14a is arepresentation of a layer 1410 of a mulhaxzal

fabric 1400. Fig. 14b shows layer 1410 folded upon itself to create a multilayer

' ultiadal fabric 1400. Multiaxial fabric 1400 includes a first layer 1410 and a

second layer 1420. First layer 1410 includes a plurality of mierwoven MD yarns
1412 and CD yams 1414. Similarly, second layer 1420 mcludes a phurality of MD

- yarns 1412 and CD varns 1414, which are obviously for the MD yarns the

continuation of the same yarns with interwoven CD yans. The arrangement of the

MD and CD varns in first layer 1410 and second layer 1420 which, due to sprraling

are at an an gle to one another, i Iproves the pressuze dxsmbumen of the fabric

- dm'mg operation as well as the Moire Effect. F]Ist Iayer 14 10 and second layer

1420 are formed from mzmg weave repeats, for exampie a 2-shed patiern with a

3-shed pattern. Specifically, in first layer 1410, as shovn in Fig. 142, CD yam

1426 interlaces between the 2-shed ends 1430 and 1432. Szmﬂaﬂy, in second layer -
1420 CD yam 1428 mteﬂaces between the 2-Shed ends 1434 and 1436. As atesult, -

cahper Vanation is reduced and pressmg umfonmty is improved. Notably, as shown

in FIG. 14(b), there are no continuous or-well defined MD or CD bands.
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| ‘]n contrast, F1G. 14cillustrates Jayer 1405 folded uponitselfio create a

- typical multilayer multiaxial fabric 1450 including first woven layer 1460 and

second woven layer 1470. As shown, the plain weave mulﬁaxiai fabric 1450 upon -
being folded results in noticeable MD bands 1480. MD bands- 1480 may-be areas -

- of different cahper, DNass Of Pressure uniformity which may mark the paper sheet -
during a pressing operation. Note further that while it is iltustrated in Figs. 140 and

14¢ that the mltiaxial fabric 18 being folded on iis¢li{o create a mnltx;ayer fabric,

in the situation of a mulﬁlayer fabric as taught by the ‘656 patent the same principal

would apply.

Tnterlacing beiween shed patierns may be 1n the MD and/or CD directions.
Further, the interlacing yam fnay’be in the first layer and/or second layerif two .
separate fabric layers are involved. Also, any shed combination that produces an

-interlacing yamm is envisioned in the present invention. For example, an interlacing

yarn may be present by mixing a 2-shed pattern with a 5-shed pattern, a 3-shed

paitem and a 4-shed p&ttem and so forth. Furthermore, even if only one.of the two
layers of the mmltilayer fabric includes this multi-shed weave, an appreciable
improvement in the interfer ence pattern should be realized. Also, the invention is
not limited to a specific number of fabric layers, i.e. two, rather 1t is applicable to

more than two. Also a fiberous batt layer or layers may also be attached by

needling.
Turning sow to the fifib embodiment in Fig. 154, an endless single layer
multiaxial base fabric 1500 1s shown. Thus fabric 1500.canbe created in any

~ nanmer heretofore discussed. Note that in the to be seam area, the-cross-machine

directwn yarns are removed for seaming purposes in accordance with the teachings

of the *176 patent. Figs. 15B-D show farther multilayer variations that are
:é_ﬁvisigned by the present invention. in this regard a multilayer fabric 1510 is
::éhown nFig. 15B. ftis created by adding a iaminate material 1512 to the outside
'of base fabric 1500 and needling the fabric with laminate to attach the same. Note

the laminate may be any material suitable for the purpose, such as-‘that described

18
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" with regard to the sscond ernbodiment of even batt. This dppliés fo all versions of .
tthe ﬁ:ﬂ‘h emboalmeﬂt
The fabric would then be removed from the needle loom withthe laminate

1naterial cut away in the loop area 1514 The fabnc 15101 is foided on ifself as
- 5 shown and then seamed in a manner as tanght 1 the 17§ patent. The ;em&h:tzg
" fabric 1510-would have two layers formed fom base Fabric 1500 and alayer of
Jaminate material 1512 on the top and one on the bottom.

Toming now 10 Fz;v, 153C another mulfilaver fabric 1520 is shown niilizing -
“base fabric 1500. fothis smbodiment, the Iamiz:zaie material 1522‘ is aitached 10 the -
10  inside of base fabric 1500 by needling. 1he fabric is then removed from the
needling oom and the laminate cut away in the loop aress 1524. The fabric 1520 is

-then folded upon dself and seamed in a marmer as fanght in the ° 176 patent. The

' ‘;:resuiﬁzag fabric 1520 would have two layers of laminate material 1522 mside two
layers of base fabric 1500.
15 With regard now to Fig. 15D, there is shown fabric 1530 whichisa
“mmultiiaver fabric. In this version it too utilizes the base fabric 1500. A laminat
material 1532 is placed on the top outside of the base fabric 1500 and needied
thereto for one-half the length of the fabric between the loop areas 1534, The
remaining laminate maierial not needled is removed by cutting. The fabric 1530 s
20 removed from the needle loom and turned inside cut and folded upon tiself and
again seamed in a manner taught by the ‘176 patent. The resulting fabric -would
“have two Ia}fers of base fabric 1500 with a layer of laminate 1532 mside,
A variation of ﬂns would be to place a Jaminate maienal on t?ae inside of a

&

base fabric 1500 and peedle the fabric between the loop p areas, moxzu the excess
25  laminate material noi needled, fold it upon itself and seam as aforssaid. The fabric -
will have the same construction as fabric 1530.

17
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WE CLAIM:
1. A multiaxial fabric for use in a paper machine comprising:

a base fabric woven from a plurality of machine direction and cross-machine direction
varns, wherein the cross-machine direction yarns are removed in a first and second

seam area of the base fabric; and

a laminate attached to an outer side of the base fabric and needled for one-half the

length of the base fabric between the first and second seam areas, and unneedled in at

least a portion of the seam areas;

wherein the base fabric with attached laminate is joined at the seam areas to make the

fabric endless with two layers of the base fabric and a layer of laminate therebetween.
2. A multiaxial fabric for use in a paper machine comprising:

a base fabric woven from a plurality of machine direction and cross-machine direction
varns, wherein the cross-machine direction yarns are removed in a first and second

seam area of the base fabric;

a laminate needled and attached to an inner side of the base fabric, and unneedled in at

least a portion of the seam areas;

wherein the base fabric is folded over at the seam area to join the seam areas and make

the fabric endless with two layers of laminate material inside two layers of base fabric.

3. A multiaxial fabric as claimed in claim 1, wherein said laminate is taken from the group
consisting of: knitted, extruded mesh, MD or CD vyarn arrays, and full width or spiral

wound strips of nonwoven fibrous material or batt.

20
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