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machine direction yarns and a bottom fabric layer of rela 
tively coarse machine direction and cross machine direction 
yarns, interwoven to produce seating and self-stitching con 
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Re. 35.777 
1 

SELFSTTCHING MULTLAYER 
PAPERMAKING FABRC 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to woven papermakers' fabrics and 
especially to forming fabrics, including those known as 
fourdrinier wires. 

In the conventional fourdrinier papermaking process, a 
water slurry or suspension of cellulosic fibers, known as the 
paper "stock', is fed onto the top of the upper run of a 
traveling endless belt or fabric of woven wire and/or syn 
thetic material. The belt provides a papermaking surface and 
operates as a filter to separate the cellulosic fibers from the 
aqueous medium to form a wet paper web. In forming the 
paper web, the forming belt serves as a filter element to 
separate the aqueous medium from the cellulosic fibers by 
providing for the drainage of the aqueous medium through 
its mesh openings, also known as drainage holes. In the 
conventional fourdrinier machine, the forming fabric also 
serves as a drive belt. Accordingly, the machine direction 
yarns are subjected to considerable tensile stress and, for this 
reason, are sometimes referred to as the load bearing yarns. 
Additionally, the cross machine direction yarns on the 
bottom surface of the forming fabric are subjected to the 
abrasive forces of the paper machine elements and, for this 
reason, are often times referred to as the wear resisting 
yarns. 
Such papermakers' fabrics are manufactured in two basic 

ways to form an endless belt. First, they can be flat woven 
by a flat weaving process with their ends joined by any one 
of a number of well known methods to form the endless belt. 
Alternatively, they can be woven directly in the form of a 
continuous belt by means of an endless weaving process. In 
a flat woven papermakers' fabric, the warp yarns extend in 
the machine direction and the filling yarns extend in the 
cross machine direction. In a papermakers' fabric having 
been woven in an endless fashion, the warp yarns extend in 
the cross machine direction and the filling yams extend in 
the machine direction. As used herein, the terms “machine 
direction" and "cross machine direction” refer respectively 
to a direction equivalent to the direction of travel of the 
papermakers' fabric on the papermaking machine and a 
direction transverse to this direction of travel. Both methods 
are well known in the art and the term "endless belt" as used 
herein refers to belts made by either method. 

Effective sheet support and minimal wire marking are 
important goals in papermaking, especially for the belt in the 
section of the papermaking machine where the wet web is 
formed. The fibers in the slurry to form the paper are 
generally of relatively short length. Accordingly, in order to 
ensure good paper quality, the side of the papermakers' 
fabric which contacts the paper stock should provide high 
support for the stock, preferably in the cross machine 
direction because paper fibers delivered from the headbox to 
the forming fabric are generally aligned in the machine 
direction more so than they are aligned in the cross machine 
direction. Retaining these paper fibers on the top of the 
forming fabric during the drainage process is more effec 
tively accomplished by providing a permeable structure with 
a paper contacting surface grid configuration that increases 
the probability that paper fibers will be supported. Thus the 
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2 
grid spans in both directions should be shorter than the paper 
fibers so that a high percentage of bridging occurs. 

However, if the grid configuration of papermakers' fabric 
were designed with only fiber retention in mind, such 
forming fabrics would probably be delicate and lack stability 
in the machine direction and cross machine direction, lead 
ing to a short service life. As noted above, abrasive wear 
caused by contact with the papermaking machine equipment 
is a real problem. The side of the papermakers' fabric which 
contacts the paper machine equipment must be tough and 
durable. These qualities, however, most often are not com 
patible with the good drainage and fiber supporting charac 
teristics desired for the sheet side of the papermakers' fabric. 

Hence, the ideal papermaking fabric must be fine enough 
to support and retain a high percentage of the deposited 
paper fibers, durable enough to withstand wear and give 
adequate life, strong enough to resist tensile forces to 
minimize stretching, and open enough to provide drainage 
and to simplify cleaning. Meeting these multiple criteria 
generally requires that two layers of fabric be woven at once 
by utilizing threads of different size and/or count per inch for 
the sheet making portion and the wearfstretch resisting 
portion respectively. 

In fabrics thus created from two distinct fabrics, the final 
fabric would have the desirable papermaking qualities on the 
surface that faces the paper web and the desirable wear 
resistance properties on the machine contacting surface. In 
practice, such papermakers' fabrics are produced from two 
separate fabrics, one having the qualities desired for the 
paper contacting side and the other with the qualities desired 
on the machine contacting side and then the two fabrics are 
stitched together by additional stitching yarns as a single 
papermakers' fabric. This type fabric is commonly called a 
triple-layer or TRI-X fabric. 
The main problem with so-called triple-layer or TRI-X 

fabrics wherein the two fabric layers are connected with 
additional stitching yarns is that an optimum geometry 
relationship between the two fabric layers is not generally 
achievable. In practice, the two fabric layers nest together 
with the bottom surface of the top fabric down in the top 
surface of the bottom fabric, that is the yarn systems in both 
directions, machine direction and cross machine direction, in 
both fabrics, the top fabric and the bottom fabric, are 
unstacked relative to each other. Therefore, although the 
drainage holes in the top fabric may be uniform, the indi 
vidual drainage paths through the composite structure can 
vary due to the nesting nature of the totally unstacked 
structure. This unequal or non-uniform drainage path con 
dition can be further aggravated through the addition of the 
independent stitching yarns required to tie both fabrics 
together. 

Other undesirable aspects of independently stitched and 
totally unstacked or intimately nested so-called triple-layer 
forming fabrics include reduction in potential permeability 
and susceptibility to stitch yarn failure and subsequent ply 
separation. The lessened permeability can adversely affect 
slurry drainage, sheet knockoff capability and fabric clean 
ing efficiency. The stitching yarn failure can occur 
externally, that is on the sheet side surface or on the machine 
side surface, or internally, that is within or between the top 
fabric and the bottom fabric, depending upon the degree of 
burial below the respective surfaces in the one case and the 
amount of movement between the two fabrics in the other 
case. For obvious geometric reasons the stitching yarn in an 
independently stitched triple-layer fabric must be a rela 
tively small diameter yarn; hence it is often hard pressed to 
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withstand the imposed tensile and abrasive forces. Yet 
another drawback of independently stitched so-called triple 
layer forming fabrics is increased production costs. Where 
the stitching yarns are inserted as picks or shutes the 
weaving time is at a minimum increased in direct proportion 
to the number of additional strands per inch required to 
achieve a satisfactory, from the marking standpoint and the 
structural standpoint, stitching pattern. In the case of a flat 
woven product (which essentially all triple-layer products 
have been to date), the subsequent cost of joining needed to 
make the product endless for operation on the papermaking 
machine is also increased. 
To date no known fabric has incorporated at one time all 

the qualities, that is maximum fiber support, uniform drain 
age paths, high permeability, good stretch resistance, and 
long life potential desirable, for the production of superior 
paper. It has long been desired to devise such a product for 
an economical cost that falls within the criteria established 
in the brown paper market. Since brown paper must be 
produced at a relatively low cost as compared to other 
papers, such a fabric would be ideal, and cost effective, for 
all types of paper. 

Accordingly, it is an object of the present invention to 
provide a papermakers' forming fabric suitable for, but not 
restricted to, the formation of brown paper. 

It is another object of the present invention to provide a 
papermakers' forming fabric having a papermaking surface 
with a high fiber support for effective forming and efficient 
release of the paper web. 
Another object of the present invention is to provide a 

papermakers' forming fabric having uniform drainage paths 
through the structure from the sheet side surface to the 
machine side surface. 
A further object of the present invention is to provide a 

papermakers' forming fabric with high permeability and 
high stretch resistance for effective draining and efficient 
cleaning with trouble-free running. 

Another object of the present invention is to provide such 
a papermakers' forming fabric while maintaining a durable 
wear resistant machine element contacting surface. 

Still another object of the present invention is to provide 
a papermakers' forming fabric, the economics of which fall 
well within that of even brown paper parameters. 

SUMMARY OF THE INVENTION 

The present invention is a multi-layer papermakers' form 
ing fabric, particularly useful for the production of brown 
paper. The fabric, which could be classified as a true 
dual-layer fabric, incorporates a top papermaking surface 
fabric formed of relatively fine machine direction and cross 
machine direction yarns and a bottom machine equipment 
contacting surface fabric formed of relatively coarse 
machine direction and cross machine direction yarns. The 
fabric is a self-stitched construction in which selected top 
fabric layer cross machine direction yarns will descend to 
the bottom fabric layer and wrap around certain bottom 
fabric layer machine direction yarns to bind the two fabric 
layer together. The optimum geometric structure is achieved 
by designing and matching the top fabric layer and the 
bottom fabric layer such that ideal seating conditions and 
ideal self-stitching conditions are realized. 
The ideal self-stitching condition between the top fabric 

layer and the bottom fabric layer is one in which the path of 
the self-stitch yarn is symmetrical and the elongation of the 
self-stitch yarn is minimal for the particular weave pattern 
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4 
combination. In an optimum location for the self-stitching. 
the distortion of the top fabric layer sheet surface will be 
minimized and the burial of the self-stitch yarn relative to 
the bottom fabric layer machine surface will be maximized. 
The proper self-stitch pattern will also produce a composite 
fabric having the required amount of structural integrity. 

In a further embodiment of the fabric of the present 
invention, the ideal interface symmetry between the top 
fabric layer and the bottom fabric layer is one where the 
weaves are positioned such that the machine direction floats 
of the one fabric are interfaced against the cross machine 
direction floats of the other fabric in a 90 degree cross 
shaped orientation made. It is this seating arrangement that 
optimizes the uniform drainage paths and the permeability 
needed to produce a good draining and easily cleaned 
forming fabric. 
The invention will be further described with reference to 

the accompanying drawing, in which like reference numbers 
refer to like members throughout the various views. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGS. 1a-1c illustrate the upper papermaking surface, a 
machine direction section, and a cross machine direction 
section, respectively, of the top fabric layer of one embodi 
ment of the fabric of the present invention. 

FIGS. 2a-2d illustrate the bottom fabric layer upper 
interfacing surface, a machine direction section, and two 
cross machine direction sections, respectively, of one 
embodiment of the fabric of the present invention. 

FIGS. 3a-3e illustrate the various seating arrangements 
possible for the cross machine direction yarn floats of the top 
fabric and bottom fabric layers for the fabric of the present 
invention. 

FIG. 4 illustrates the relationship between the papermak 
ing surface of the top fabric layer and the interfacing surface 
of the bottom fabric layer showing the ideal seating arrange 
ment utilized in the fabric of the present invention. 

FIG. 5 illustrates the relationship between the bottom 
surface imprint of the top fabric layer and the top surface 
imprint of the bottom fabric showing the 90 seating 
arrangement layer of the fabric of the present invention. 

FIGS. 6a-6e illustrate the top fabric layer sheet making 
surface and the bottom fabric layer interfacing surface, two 
machine direction sections and two cross machine direction 
sections, respectively, of the preferred embodiment of the 
fabric of the present invention. 

FIG.7 illustrates the papermaking surface view of the top 
fabric layer overlaid on the interfacing surface view of the 
bottom fabric layer of the preferred embodiment of the 
fabric, as also shown in FIGS. 6a-6e. 

FIG. 8a illustrates a cross machine section of the fabric of 
FIG. 7, taken along the line 8a-8a in FIG. 7 and FIG. 8b 
illustrates a cross machine section of the fabric of FIG. 7. 
taken along the line of 8b-8b in FIG. 7. 

DETALED DESCRIPTION OF THE 
INVENTION 

The invention will initially be described broadly, with a 
more detailed description following. 
The present invention is a papermakers' forming fabric 

particularly useful for, but not restricted to, the formation of 
brown paper. The fabric has a high fiber support, uniform 
drainage paths, high permeability, high stretch resistance, 
good abrasion resistance, and can be produced at a cost that 
makes it economical as a brown paper forming fabric. 
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The fabric of the present invention is a self-stitched 
construction including two essentially distinct fabric layers, 
one on top of the other. The top layer that will form the 
papermaking surface incorporates relatively fine yarns in 
both the machine direction and the cross machine direction, 
which, in the preferred embodiment, are woven in a 2x2 
weave pattern. The bottom fabric layer that will contact the 
machine elements incorporates relatively coarse yarns in the 
machine direction and the cross machine direction, also 
preferably in a 2x2 weave pattern. This fabric is essentially 
a hybrid double-layer structure in that each layer contains its 
own system of machine direction yarns and cross machine 
direction yarns. The only discontinuity in either layer occurs 
when selected cross machine direction yarns from the top 
fabric layer dive down and engage selected machine direc 
tion yarns from the bottom fabric layer to create the com 
posite structure by binding the two layers together. No 
additional binding thread is necessary. The required ideal 
seating condition and ideal self-stitching condition are 
described with reference to the drawing below. 
The machine direction yarns and the cross machine direc 

tion yarns used in the present invention are preferably 
synthetic yarns of materials conventionally used in such 
fabrics, such as polyamides (Nylon), polyesters (Dacron), 
and acrylic fibers (Orlon, Dynel and Acrilan), or 
co-polymers (Saran). The machine direction yarns and the 
cross machine direction yarns may be in the form of 
monofilament, multifilament or staple yarns or plied or 
wrapped yarns. The specific physical properties of the 
selected yarns, for example, modulus, elongation, free 
shrink and thermal shrink can be chosen to optimize the 
geometry configuration of the final fabric product. 
The diameter of the yarns employed in the fabric for the 

present invention is determined by the position in the fabric 
structure. The machine direction yarns and the cross 
machine direction yarns in the top fabric layer are approxi 
mately equal in diameter and approximately half the size of 
the machine direction yarns and the cross machine direction 
yarns in the bottom fabric layer, those yarns also being 
approximately equal in diameter. In a preferred embodiment, 
the top fabric layer incorporates yarns that are 0.16 milli 
meter (machine direction) by 0.18 millimeter (cross machine 
direction) and the bottom fabric layer incorporates yarns that 
are 0.34 millimeter (machine direction) by 0.36 millimeter 
(cross machine direction). The size of the yarns in both 
systems can be increased or decreased to suit the individual 
requirements of a particular application for the papermaking 
fabric. 
The weave pattern used in the preferred embodiment of 

the fabric of the present invention is a twill weave charac 
terized by a diagonal line on the face of the fabric. Both the 
top fabric layer and the bottom fabric layer are 2x2 twill, 
meaning that the machine direction yarns go over two cross 
machine direction yarns and under two cross machine direc 
tion yarns in a repeating pattern. To achieve the stated goals 
of the ideal seating arrangement and the ideal self-stitching 
arrangement of the present invention, the twills in themating 
fabrics will have a reverse orientation relative to each other, 
that is the upper surface of the top fabric layer is a right to 
left twill while the upper surface of the bottom fabric layer 
is a left to right twill or vice versa. In combination with the 
above-mentioned reversed twill criteria, the top fabric layer 
and the bottom fabric layer must be positioned relative to 
each other such that the relationship between the lower 
surface machine direction floats of the top fabric layer 
interface with the upper surface cross machine direction 
floats of the bottom fabric layer in a maximum contact same 
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6 
plane, essentially 90 degree cross shaped orientation mode, 
which provides ideal interface symmetry. 

Turning now to the drawings, FIG. 1a illustrates the upper 
papermaking surface of the top fabric layer, FIG. 1b is a 
machine direction section (taken along line 1b-1b in FIG. 
1a), and FIG. 1c is a cross machine direction section (taken 
along line 1c-1c in FIG.1a), respectively, of the top fabric 
layer of one embodiment of the present invention. As stated 
above, the top fabric layer 10 includes relatively fine 
machine direction 12 and cross machine direction 14 yarns 
interwoven in a 2x2 twill weave pattern. The floats of cross 
machine direction yarn 14 can be seen across the papermak 
ing surface view. Consistent with the 2x2 twill weave, these 
floats ascend from right to left across the fabric 10, consti 
tuting a right to left twill. 

FIGS. 2a illustrates the upper interfacing surface of the 
bottom layer fabric, while FIG.2b illustrates machine direc 
tion section (taken along the line 2b-2b in FIG. 2a). and 
FIGS. 2c and 2d illustrate cross machine direction sections 
(taken along the lines 2c-2c and 2d-2d in FIG. 2a). 
respectively, of the bottom fabric layer used in one embodi 
ment of the fabric of the present invention. Again, the 
bottom fabric layer 20 includes relatively coarse machine 
direction 22 and cross machine direction 24 yarns interwo 
ven in a 2x2 twill pattern. The floats of cross machine 
direction yarn 24 can be seen across the interfacing surface 
view in FIG. 2a. Consistent with the 2x2 twill weave, these 
floats ascend from left to right across the bottom fabric layer 
constituting a left to right twill which is the reverse of the 
right to left twill in the top fabric layer 10. Within the 
teachings of the present invention, a top fabric layer having 
a left to right twill could be mated with a bottom fabric layer 
having a right to left twill. The points marked "S" in three 
views represent a typical point where the fine cross machine 
direction yarn from the top fabric layer could descend to 
bind around the coarse machine direction yarn in the bottom 
fabric layer 20. Examination of these views will reveal a 
number of other "S" type locations which would satisfy the 
ideal self-stitch point requirements. The number of such 
locations actually utilized in the ultimate composite fabric is 
again dependent upon the stitching frequency needs deter 
mined feasible for the product application. 

FIGS. 3a–3e illustrates the possible and the ideal seating 
arrangements between the top fabric layer 10 and the bottom 
fabric layer 20 at the stacked or overlying cross machine 
direction yarns. In each of these views, the top fabric layer 
machine direction yarns 12 and the bottom fabric layer 
machine direction yarns 22 are unstacked, that is each 
bottom fabric layer machine direction yarn 22 is intermedi 
ately spaced between a pair of top fabric machine direction 
yarns 12. Conversely, the non-stitching cross machine direc 
tion yarns 14 of the top fabric layer and the cross machine 
direction yarns 24 of the bottom fabric layer are stacked, 
That is, the bottom fabric layer cross machine direction yarn 
24 is directly under the top fabric layer cross machine 
direction yarn 14. This is illustrated in FIG.3a and FIG. 3e. 
There are twice as many cross machine direction yarns 14 in 
the top fabric layer 10 as there are cross machine direction 
yarns 24 in the bottom fabric layer 20. As described in lines 
13-16 on page 7 of this specification, only selected top 
fabric layer cross machine direction yarns will descend to 
the bottom fabric layer and wrap around certain bottom 
fabric layer machine direction yarns to bind the two fabric 
layers together. Those selected cross machine direction 
yarns which descend ("stitchers") alternate with cross 
machine direction yarns which do not descend ("non 
stitchers"). FIGS. 3a-3e show positions of only a non 
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stitching cross machine direction yarn of the top fabric layer 
relative to a cross machine direction yarn of the bottom 
fabric layer. This distinction is further explained by com 
paring FIGS. 3a–3e to FIGS. 6b and 6c. Within these 
bounds, the top fabric layer 10 can then be positioned 
relative to the bottom fabric 20 in four locals, labeled Ideal, 
One-Left, Two-Left, Three-Left, and Ideal again respec 
tively. It should also be noted that only in the ideal position 
are the top fabric layer 10 and the bottom fabric layer 20 
oriented such that both lower surface machine direction 
floats of the top fabric layer 10 interface with the upper 
surface cross machine direction floats of the bottom fabric 
layer in the prescribed maximum contact same plane, essen 
tially 90 degree, cross shaped orientation mode, as shown in 
FIG. 5 and described below. 

FIG. 4 illustrates the relationship between the papermak 
ing surface of the top fabric layer 10 and the interfacing 
surface of the bottom fabric layer 20 where the above 
described seating arrangement has been achieved. For fur 
ther familiarization of the ideal self-stitch point concept, the 
self-stitching points used in the composite fabric structure of 
one embodiment of the present invention have been marked 
with a "o" and labeled "S". Once again, more or less 
self-stitching points could be utilized, provided they meet 
the ideal location criteria, depending upon the overall paper 
making and structural requirements of the final composite 
forming fabric product. 

FIG. 5 illustrates the relationship between the lower 
surface imprint of the top fabric layer 10 and the upper 
surface imprint of the bottom fabric layer 20 utilized in one 
embodiment of the present invention. The mating of these 
respective imprints indicate the areas where the yarns of the 
two fabric layers interface. Specifically, when the ideal 
seating arrangement has been achieved, the lower machine 
direction floats 12 of the top fabric layer 10 contact the upper 
cross machine direction floats 24 of the bottom fabric layer 
20 in a maximum contact same plane, essentially 90 degree 
cross shaped orientation mode, the cross shape being shown 
in FIG. 5; this ideal interface area is circled in FIGS. 3a and 
6b. Additionally, a typical ideal self-stitching point "S" 
where the fine cross machine direction yarn 14 of the top 
fabric layer 10 can most easily dip down, specifically dip 
further down from its already down position, to engage the 
machine direction yarn 22 of the bottom fabric layer 20 at its 
highest most accessible point is indicated by the "S" label. 
Once again, both the ideal seating arrangement and the ideal 
self-stitching points are representative typical positions 
which occur frequently within a pattern repeat. In a properly 
designed composite fabric, all the interfacing areas should 
satisfy the ideal seating arrangement criteria. However, the 
number of ideal self-stitching points "S" actually utilized 
within a pattern repeat will depend upon the ultimate objec 
tives for the product. 

FIG. 6a illustrates the combined structure, specifically the 
relationship between the sheet making upper surface of the 
top fabric layer 10, and interfacing upper surface of the 
bottom fabric layer 20 of the preferred embodiment of the 
present invention where the above-described ideal seating 
arrangement has been achieved. For further familiarization 
of the ideal in the composite fabric structure of one embodi 
ment of the present invention have been marked with an "o" 
and labeled "S". Once again, more or fewer self-stitching 
points could be utilized, provided they meet the ideal 
location criteria, depending upon the overall papermaking 
and structural requirements of the final composite forming 
fabric product. FIG. 6b, taken along line 6b-6b in FIG. 6a, 
and FIG. 6c, taken along line 6c-6c in FIG. 6a, illustrate 
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two cross machine direction sections and FIG. 6d, taken 
along line 6d-6d in FIG. 6a, and FIG. 6e, taken along line 
6e-6e in FIG. 6a, illustrate two machine direction sections 
of the preferred embodiment of the present invention. 

FIGS. 6b and 6c illustrate the paths of the two distinct 
cross machine direction yarns the non-stitching yarn in the 
former and the stitching yarn in the latter, and clearly show 
the role and positioning of these alternating cross machine 
direction yarns in this fabric. The typical ideal seating 
arrangement previously described is apparent in the cross 
machine direction section in FIG. 6b where there is a stacked 
relationship between the cross machine direction yarns 14 of 
the top fabric layer 10 and the cross machine direction yarns 
24 of the bottom fabric layer 20. In there is FIG. 6c, no 
bottom fabric layer 20 cross machine direction yarn 24 
below the fabric layer 10 cross machine direction yarn 14 
which in this case is a stitching yarn as-are all alternating top 
fabric layer 10 cross machine direction yarns 14. The typical 
ideal self-stitching point marked "S" is apparent in FIG. 6a, 
FIG. 6c and in FIG. 6e. In the embodiment of the present 
invention shown in FIGS. 6a-6e, the self-stitching is done 
by each self-stitching top fabric layer cross machine direc 
tion yarn 14 on every eighth bottom fabric layer machine 
direction yarn 22 so that, with the alternating nature of the 
stitching pattern, every machine direction yarn 22 in the 
bottom fabric layer 20 is eventually interlaced with every 
other cross machine direction yarn 14 from the top fabric 
layer 10 within the confines of one pattern repeat. It can also 
be seen that the self-stitch provided by every other fine cross 
machine direction yarn 14 from the top fabric layer 10 is 
merely an extension from its already down or under float 
position which allows it to descend somewhat further down 
to interlace with the machine direction yarn 22 in the bottom 
fabric layer 20 which is at that point in its highest position. 
At its highest position, or elevation, in its weave repeat, the 
machine direction yarn 22 in the bottom fabric 20 is opti 
mally accessible. The elevation of representative machine 
direction yarns relative to each other in a weave repeat is 
shown in FIG. 2D. As can be seen in that figure, a possible 
stitch point occurs when the machine direction yarn is at a 
highest elevation compared to the other machine direction 
yarns in the weave repeat. This combination gives the 
minimal elongation of the self-stitch yarn over a symmetri 
cally uniform path. Having the self-stitch cross machine 
direction yarn 14 of the top fabric layer 10 located midway 
between the surrounding cross machine direction yarns 24 in 
the bottom fabric layer 20 also contributes to the structural 
integrity of the resultant composite fabric (see FIG. 6e). 

FIG. 7 illustrates the combined structure with the paper 
making surface of the top fabric layer 10 overlaid on the 
interfacing surface of the bottom fabric layer 20 and the 
self-stitch points marked with an "o" and labeled "S". A 
typical ideal seating arrangement will produce a situation 
where the lower floats of the machine direction yarns 12 in 
the top fabric layer 10 interface with the upper float of the 
cross machine direction yarn 24 in the bottom fabric layer 20 
in the required 90 degree cross-shaped orientation mode, as 
shown within the circled area. The skilled observer can see 
that this ideal seating arrangement condition occurs numer 
ous times within a pattern repeat of the present invention. 
The ideal self-stitching points, marked "o" and labeled "S" 
typically, also occur quite frequently within a pattern repeat. 
However, in the preferred embodiment of the present 
invention, the utilized frequency of these ideal self-stitching 
points which exist along every other fine cross machine 
direction yarn 14 in the top fabric layer 10 is once every 
sixteen machine direction yarns 12 in the top fabric layer 10 
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and once every eight machine direction yarns 22 in the 
bottom fabric layer 20. Given the staggered nature of the 
self-stitching pattern, the net result is that at some point 
along every machine direction yarn 22 in the bottom fabric 
layer 20 an interlace is achieved with the top fabric layer 10 
within a pattern repeat. This self-stitching frequency can be 
increased or decreased, always using the ideal self-stitching 
points only, depending upon the particular application for 
the final product. 

FIGS. 8a and 8b illustrate the two configurations, non 
stitching and stitching for the cross machine direction yarns 
14 of the top fabric layer 10 as they relate to the bottom 
fabric layer 20 in the preferred embodiment of the present 
invention. FIG. 8a illustrates the cross machine direction 
yarns 14 of the composite fabric taken along line 8a-8a in 
FIG. 7 at the stacked, non-stitching position and FIG. 8b, 
taken along line 8b-8b in FIG. 7, shows the intermediately 
spaced self-stitching yarns cross machine direction yarn 14 
of the top fabric layer 10. The typical ideal seating arrange 
ment is circled and the typical self-stitching point is marked 
'O' and labeled 'S'. 

Within the context of the present invention, only fabrics 
having 2x2 twill weaves have been illustrated herein; 
however, the teachings described herein are not restricted to 
just 2x2 twill weaves. In other words, the principles of ideal 
seating arrangement, self-stitch alignment, and interface 
symmetry can be successfully applied over a broad range of 
weave patterns, not necessarily the same for each layer, in 
creating similar composite papermaking fabrics. Where the 
espoused guidelines are judiciously applied, a Superior 
papermaking product can be produced. While the fabric 
herein described constitutes the preferred embodiment of the 
invention, it is to be understood that the invention is not 
limited to the precise fabric described and that changes may 
be made herein without departing from the scope of the 
invention. 
What is claimed is: 
1. An endless layer papermaking fabric comprising: 
a top fabric layer including relatively fine machine direc 

tion yarns interwoven with relatively fine cross 
machine direction yarns in a repeating pattern to form 
an upper surface and a lower surface, the top fabric 
layer cross machine direction yarns including alter 
nately stitching and non-stitching cross machine direc 
tion yarns; 

a bottom fabric layer including relatively coarse machine 
direction yarns interwoven with relatively coarse cross 
machine direction yarns in a repeating pattern to form 
an upper surface and a lower surface; 

the number of the relatively fine top fabric layer cross 
machine direction yarns being approximately twice that 
of the relatively coarse bottom fabric layer cross 
machine direction yarns; 

wherein said top fabric layer cross machine direction 
yarns travel singly and engage selected machine direc 
tion yarns of the bottom fabric layer at a highest 
elevation relative to the elevation of the machine direc 
tion yarns of the bottom fabric layer other than said 
selected machine direction yarns to bind the fabric 
layers together. 

2. The papermaking fabric of claim 1 wherein the top 
fabric layer is a 2x2 twill weave. 

3. The papermaking fabric of claim 2 wherein the bottom 
fabric layer is a 2x2 twill weave. 

4. The papermaking fabric of claim 3 wherein the top 
fabric layer machine direction yarns are approximately 0.16 
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millimeter, the top fabric layer cross machine direction yarns 
are approximately 0.18 millimeter, the bottom fabric layer 
machine direction yarns are approximately 0.34 millimeter 
and the bottom fabric cross machine direction yarns are 
approximately 0.36 millimeter in diameter. 

5. The papermaking fabric of claim 3 wherein the upper 
surface of the top fabric layer is a right to left twill and the 
upper surface of the bottom fabric layer is a left to right twill. 

6. The papermaking fabric of claim3 wherein the twill of 
the upper surface of the top fabric layer is opposite to the 
twill of the upper surface of bottom fabric layer. 

7. The papermaking fabric of claim 1 wherein every other 
cross machine direction yarn of the top fabric layer engages 
every eighth machine direction yarn in the bottom fabric 
layer and every machine direction yarn in the bottom fabric 
layer is interlaced with every other cross machine direction 
yarn of the top fabric layer within one weave repeat. 

8. An endless papermaking fabric comprising: 
atop fabric layer including relative fine machine direction 

yarns interwoven with relatively fine cross machine 
direction yarns in a repeating pattern to form an upper 
surface and a lower surface, the top fabric layer cross 
machine direction yarns including alternating stitching 
and non-stitching cross machine direction yarns the 
upper surface including machine direction and cross 
machine direction floats and the lower surface includ 
ing machine direction and cross machine direction 
floats; 

a bottom fabric layer including relatively coarse machine 
direction yarns interwoven with relatively coarse cross 
machine direction yarns in a repeating pattern to form 
an upper surface and a lower surface, the upper surface 
including machine direction and cross machine direc 
tion floats and the lower surface including machine 
direction and cross machine direction floats; 

the number of relatively fine top fabric layer cross 
machine direction yarns being approximately twice that 
of the relatively coarse bottom fabric layer cross 
machine direction yarns; 

wherein said top fabric layer cross machine direction 
yarns engage selected machine direction yarns of the 
bottom fabric layer at a highest elevation relative to the 
elevation of the machine direction yarns of the bottom 
fabric layer other than said selected machine direction 
yarns to bind the fabric layers together; and 

wherein the lower surface machine direction floats of the 
upper fabric layer contact the upper surface cross 
machine direction floats of the bottom fabric layer in a 
maximum contact same plane configuration. 

9. The papermaking fabric of claim 8 wherein the maxi 
mum contact same plane configuration is a 90 degree 
cross-shaped orientation mode. 

10. The papermaking fabric of claim 9 wherein the top 
fabric layer is a 2x2 twill weave. 

11. The papermaking fabric of claim 10 wherein the 
bottom fabric layer is a 2x2 twill weave. 

12. The papermaking fabric of claim 11 wherein the top 
fabric layer machine direction yarns are approximately 0.16 
millimeter, the top fabric layer cross machine direction yarns 
are approximately 0.18 millimeter, the bottom fabric layer 
machine direction yarns are approximately 0.34 millimeter 
and the bottom fabric cross machine direction yarns are 
approximately 0.36 millimeter in diameter. 

13. The papermaking fabric of claim 11 wherein the upper 
surface of the top fabric layer is a right to left twill and the 
upper surface of the bottom fabric layer is a left to, right 
twill. 
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14. The papermaking fabric of claim 11 wherein the twill 
of the upper surface of the top fabric layer is opposite to the 
twill of the upper surface of bottom fabric layer. 

15. The papermaking fabric of claim 9 wherein every 
other cross machine direction yarn of the top fabric layer 
engages every eighth machine direction yarn in the bottom 
fabric layer and every machine direction yarn in the bottom 
fabric layer is interlaced with every other cross machine 
direction yarn of the top fabric layer within one weave 
repeat. 

16. An endless papermaking fabric comprising: 
a top fabric layer including relatively fine machine direc 

tion yarns interwoven with relatively fine cross machine 
direction yarns in a repeating pattern to form a 2x2 
twill with an upper surface and a lower surface, the top 
fabric layer cross machine direction yarns including 
stitching and non-stitching cross machine direction 
yarns; 

a bottom fabric layer including relatively coarse machine 
direction yarns interwoven with relatively coarse cross 
machine direction yarns in a repeating pattern to form 
an upper surface and a lower surface, 

the number of the relatively fine top fabric layer cross 
machine direction yarns being approximately twice 
that of the relatively coarse bottom fabric layer cross 
machine direction yarns; 

wherein said top fabric layer cross machine direction 
yarns travel singly in said 2x2 twill pattern to engage 
the top fabric layer machine direction yarns and 
engage selected machine direction yarns of the bottom 
fabric layer at a highest elevation relative to the 
elevation of the machine direction yarns of the bottom 
fabric layer other than said selected machine direction 
yarns to bind the fabric layers together: 

17. The papermaking fabric of claim 16 wherein the 
bottom fabric layer is a 2x2 twill weave. 

18. The papermaking fabric of claim 17 wherein the top 
fabric layer machine direction yarns are approximately 0.16 
millimeter, the top fabric layer cross machine direction 
yarns are approximately 0.18 millimeter, the bottom fabric 
layer machine direction yarns are approximately 0.34 mil 
limeter and the bottom fabric cross machine direction yarns 
are approximately 0.36 millimeter in diameter: 

19. The papermaking fabric of claim 17 wherein the upper 
surface of the top fabric layer is a right to left twill and the 
upper surface of the bottom fabric layer is a left to right 
twill. 

20. The papermaking fabric of claim 17 wherein the twill 
of the upper surface of the top fabric layer is opposite to the 
twill of the upper surface of the bottom fabric layer. 

21. The papermaking fabric of claim 16 wherein every 
other cross machine direction yarn of the top fabric layer 
engages every eighth machine direction yarn in the bottom 
fabric layer and every machine direction yarn in the bottom 
fabric layer is interlaced with every other cross machine 
direction yarn of the top fabric layer within one weave 
repeat. 

22. An endless papermaking fabric comprising: 
a top fabric layer including relative fine machine direc 

tion yarns interwoven with relatively fine cross machine 
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direction yarns in a repeating pattern to form an upper 
surface and a lower surface, the top fabric layer cross 
machine direction yarns including stitching and non 
stitching cross machine direction yarns, the upper 
surface including machine direction and cross machine 
direction floats and the lower surface including 
machine direction and cross machine direction floats; 

a bottom fabric layer including relatively coarse machine 
direction yarns interwoven with relatively coarse cross 
machine direction yarns in a repeating pattern to form 
an upper surface and a lower surface, the upper 
surface including machine direction and cross machine 
direction floats, and the lower surface including 
machine direction and cross machine direction floats; 

the number of relatively fine top fabric layer cross 
machine direction yarns being approximately twice 
that of the relatively coarse bottom fabric layer cross 
machine direction yarns; 

wherein said top fabric layer cross machine direction 
yarns engage selected machine direction yarns of the 
bottom fabric layer at a highest elevation relative to the 
elevation of the machine direction yarns of the bottom 
fabric layer other than said selected machine direction 
yarns to bind the fabric layers together; and 

wherein the lower surface machine direction floats of the 
upper fabric layer contact the upper surface cross 
machine direction floats of the bottom fabric layer in a 
maximum contact same plane configuration. 

23. The papermaking fabric of claim 22 wherein the 
maximum contact same plane configuration is a 90 degree 
cross-shaped orientation mode. 

24. The papermaking fabric of claim 23 wherein the top 
fabric layer is a 2x2 twill weave. 

25. The papermaking fabric of claim 24 wherein the 
bottom fabric layer is a 2x2 twill weave. 

26. The papermaking fabric of claim 25 wherein the top 
fabric layer machine direction yarns are approximately 0.16 
millimeter, the top fabric layer cross machine direction 
yarns are approximately 0.18 millimeter, the bottom fabric 
layer machine direction yarns are approximately 0.34 mil 
limeter and the bottom fabric cross machine direction yarns 
are approximately 0.36 millimeter in diameter: 

27. The papermaking fabric of claim 26 wherein the upper 
surface of the top fabric layer is a right to left twill and the 
upper surface of the bottom fabric layer is a left to right 
fwil. 

28. The papermaking fabric of claim 25 wherein the twill 
of the upper surface of the top fabric layer is opposite to the 
twill of the upper surface of bottom fabric layer. 

29. The papermaking fabric of claim 23 wherein every 
other cross machine direction yarn of the top fabric layer 
engages every eighth machine direction yarn in the bottom 
fabric layer and every machine direction yarn in the bottom 
fabric layer is interlaced with every other cross machine 
direction yarn of the top fabric layer within one weave 
repeat. 


