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FORMING FABRIC WITH TWINNED TOP WEFTS 
AND AN EXTRA LAYER OF MIDDLE WEFTS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to the papermaking 
arts. More specifically, the present invention relates to 
forming fabrics for the forming Section of a paper machine. 
0003 2. Description of the Prior Art 
0004. During the papermaking process, a cellulosic 
fibrous web is 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 is drained from the Slurry through the 
forming fabric, leaving the cellulosic fibrous web on the 
Surface of the forming fabric. 
0005. 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 is Subjected to compressive 
forces which Squeeze water therefrom, and which adhere the 
cellulosic fibers in the web to one another to turn the 
cellulosic fibrous web into a paper sheet. The water is 
accepted by the preSS fabric or fabrics and, ideally, does not 
return to the paper sheet. 
0006 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 steam. The newly 
formed paper sheet is directed in a Serpentine path Sequen 
tially 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. 
0007. It should be appreciated that the forming, press and 
dryer fabrics all take the 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 continu 
ous process which proceeds at considerable Speeds. That is 
to Say, the fibrous slurry is continuously deposited onto the 
forming fabric in the forming Section, while a newly manu 
factured paper sheet is continuously wound onto rolls after 
it exits from the dryer Section. 
0008. The properties of absorbency and strength, soft 
neSS, and aesthetic appearance are important for many 
products when used for their intended purpose, particularly 
when the fibrous cellulosic products are facial or toilet 
tissue, paper towels, Sanitary napkins and diapers. 
0009. These products can be produced using a variety of 
processes. Conventional manufacturing machines include a 
delivery of the suspension of cellulosic fiber onto one or 
between two forming fabrics. This partially dewatered sheet 
is then transferred to a preSS fabric, which dewaters the sheet 
further as it transferS the Sheet to the Surface of a large 
Yankee dryer. The fully dried sheet is either creped or not as 
it is removed from the Yankee Surface and wound onto rolls 
for further processing. 
0010. An alternative process employs a through air dry 
ing (TAD) unit either replacing the press fabric above with 
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another woven fabric which transfers the sheet from the 
forming fabric to the through air drying fabric. It is this 
fabric which transfers the sheet to a TAD cylinder where hot 
air is blown through the wet cellulosic sheet, Simultaneously 
drying the Sheet and enhancing sheet bulk and Softness. 
0011 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. 
0012. The present invention relates specifically to the 
forming fabrics used in the forming Section. Forming fabrics 
play a critical role during the paper manufacturing process. 
One of its functions, as implied above, is to form and convey 
the paper product being manufactured to the preSS Section. 
0013 However, forming fabrics also need to address 
water removal and sheet formation issues. That is, forming 
fabrics are designed to allow water to pass through (i.e. 
control the rate of drainage) while at the same time prevent 
fiber and other Solids from passing through with the water. 
If drainage occurs too rapidly or too slowly, the Sheet quality 
and machine efficiency Suffers. To control drainage, the 
Space within the forming fabric for the water to drain, 
commonly referred to as void volume, must be properly 
designed. 
0014 Contemporary forming fabrics are produced in a 
wide variety of Styles designed to meet the requirements of 
the paper machines on which they are installed for the paper 
grades being manufactured. Generally, they comprise a base 
fabric woven from monofilament and may be single-layered 
or multi-layered. The yarns are typically extruded from any 
one of Several Synthetic polymeric resins, Such as polyamide 
and polyester resins, used for this purpose by those of 
ordinary skill in the paper machine clothing arts. 
0015 The design of forming fabrics additionally involves 
a compromise between the desired fiber Support and fabric 
Stability. A fine mesh fabric may provide the desired paper 
Surface and fiber Support properties, but Such design may 
lack the desired stability resulting in a short fabric life. By 
contrast, coarse mesh fabrics provide Stability and long life 
at the expense of fiber Support and the potential for marking. 
To minimize the design tradeoff and optimize both Support 
and stability, multi-layer fabrics were developed. For 
example, in double and triple layer fabrics, the forming Side 
is designed for Support while the wear Side is designed for 
stability. 
0016 Those skilled in the art will appreciate that fabrics 
are created by weaving, and having a weave pattern which 
repeats in both the warp or machine direction (MD) and the 
weft or cross-machine direction (CD). It will also be appre 
ciated that the resulting fabric must be uniform in appear 
ance; that is there are no abrupt changes in the Weave pattern 
to result in a mark in the formed paper sheet. Due to the 
repeating nature of the Weave patterns, a common fabric 
deficiency is a characteristic diagonal in the fabric. To 
varying degrees, this diagonal is imparted to the paper sheet. 
Through the use of new weave patterns and Smaller diameter 
monofilaments, this diagonal marking can be masked but 
cannot be altogether eliminated. It has been theorized that a 
random Surface in a forming fabric would result in a paper 
sheet that is potentially free of diagonal marking. However, 
a true random Surface is almost impossible to create and by 
definition any pattern must eventually repeat to avoid an 
abrupt change in the pattern causing a sheet mark. 
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0.017. One attempt to breakup the surface pattern is 
shown in U.S. Pat. No. 5,025,839. The 839 patent shows a 
standard two-layer fabric wherein the MD yarns are inter 
woven to produce a ZigZag effect. However, as Stated in U.S. 
Pat. No. 5,857,498, the shute (weft) twinning promoted by 
the pattern taught in the 839 patent does not produce 
favorable drainage properties. 

0.018. Additionally, several closely related patents exist 
covering triple stacked shute (TSS) designs; e.g. JP6-4953, 
U.S. Pat. No. 4,379,735, U.S. Pat. No. 4.941514, U.S. Pat. 
No. 5,164.249, U.S. Pat. No. 5,169,709 and U.S. Pat. No. 
5,366,798. While all of these patents describe TSS fabrics, 
their Stacked Shute designs promote a thicker fabric caliper 
and none have the Surface non-uniformity that is deemed to 
be favorable especially for use in the production of tissue. 
0.019 Furthermore, it is desired that multi-layer fabrics 
have more cross-directional Stability and Stiffness to prevent 
croSS directional shrinkage, improve sheet formation and 
appearance, and potentially increase life. 

0020. The present invention is a forming fabric with 
twinned top wefts and an extra layer of middle wefts. The 
present invention provides a Solution to the problems of 
drainage, sheet fiber Support, and fabric Stability. 

SUMMARY OF THE INVENTION 

0021 Accordingly, the present invention is a forming 
fabric, although it may find application in the forming, 
pressing and drying Sections of a paper machine. 

0022. The present invention is a fabric having a desirable 
non-uniform Surface. To address the sheet formation prob 
lem and create a non-uniform Surface, the top-layer or 
forming Side wefts in the present invention are twinned 
together into pairs. This results in a Small open Space 
between the paired wefts and a larger Space between adja 
cent pairs. Thus, the present invention has non-equal spacing 
between adjacent wefts, whereas prior art fabrics have equal 
spacing between every adjacent forming Side weft. 

0023 To provide more cross-directional stiffness and 
stability, the invention utilizes a third set of wefts, in the 
middle layer of the fabric, to provide extra stability in the 
croSS direction. 

0024. The fabric is a forming fabric having a top layer, a 
middle layer, and a bottom layer of croSS-machine direction 
(CD) wefts and a system of machine-direction (MD) warp 
yarns interwoven with the top, middle, and bottom layers of 
CD wefts. The CD wefts in the top layer are grouped into 
twinned pairs to produce a non-uniform Spacing between 
wefts in the top layer. The CD wefts in the middle layer 
provide extra stability in the CD. The CD wefts in the middle 
layer and bottom layer are vertically stacked, while the CD 
wefts in the top layer are vertically offset from the stacked 
middle and bottom layer CD wefts. This unstacked align 
ment reduces the Void volume and caliper of the fabric, 
thereby reducing the amount of water the fabric carries since 
it is known in the art that thinner multi-layer fabrics for light 
weight sheets remove water more effectively than their 
thicker counterparts. In a preferred embodiment, the top 
layer of CD yarns forms the forming side of the fabric and 
the bottom layer of CD yarns forms the wear side of the 
fabric. 
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0025 The shute (weft) twinning in the top surface of this 
fabric provides for increased CD tensile strength in the sheet 
of formed tissue paper. This gain in CD tensile allows for 
other changes in the process to be implement, which result 
in improved sheet formation, Softness, and water absor 
bency. 

0026. In one embodiment of the invention, the fabric is 
woven in an eight-shed 2.5 layer weave pattern, wherein 
each MD yarn weaves: a) upward between two top-layer CD 
wefts in a pair; b) under the following pair; c) downward 
between the two top-layer CD wefts in the next pair; d) over 
the next vertically stacked middle-layer/bottom-layer CD 
wefts; e) between the next vertically stacked middle-layer/ 
bottom-layer CD wefts, f) under the next vertically stacked 
middle-layer/bottom-layer CD wefts, g) between the next 
vertically stacked middle-layer/bottom-layer CD wefts; h) 
under the next vertically Stacked middle-layer/bottom-layer 
CD wefts; i) between the next vertically stacked middle 
layer/bottom-layer CD wefts; and j) upward between the 
next two top-layer CD wefts in a twin, thereby completing 
one repeat of the Weave pattern. 
0027 Other aspects of the present invention include that 
the non-uniform spacing between wefts in the top layer has 
a spacing ratio between 1:1.5 and 1:20. 
0028. The present invention will now be described in 
more complete detail with frequent reference being made to 
the drawing figures, which are identified below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. For a more complete understanding of the inven 
tion, reference is made to the following description and 
accompanying drawings, in which: 
0030 FIG. 1 is a schematic view showing the spacing 
between forming-Side wefts in forming fabrics according to: 
a) the prior art and b) the present invention; 
0031 FIG. 2 is a forming side (top) view of a fabric 
woven in accordance with the teachings of the present 
invention; 
0032 FIG. 3 is a schematic cross-sectional view in the 
CD of a fabric pattern in accordance with the teachings of 
the present invention; and 
0033 FIG. 4 shows cross-sectional views in the CD of a 
fabric woven in accordance with the teachings of: a) the 
present invention and b) the prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0034 FIG. 1 is a schematic view providing a comparison 
between the weft/shute spacing in the top (or forming) layer 
of prior art fabrics and the present invention. Each vertical 
stripe in the figure represents a forming side weft. FIG. 1 a 
shows the weft spacing according to the prior art, while FIG. 
1b shows the weft Spacing according to the present inven 
tion. Note that in FIG. 1a, the spacing of Gap 1 (110) is 
approximately equal to the spacing of Gap 2 (100). Whereas, 
in FIG. 1b, the wefts are unevenly spaced. Because of the 
uneven spacing between wefts A and B, and B and C, wefts 
A and B are characterized as twinned, or paired, wefts 130. 
This twinning/pairing is considered beneficial as the non 
uniform spacing helps promote drainage and conceals the 
diagonal Sheet mark. 
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0.035 A sample forming fabric has been produced in 
accordance with the teachings of the present invention. 
Measurements taken from this sample fabric show that the 
forming side wefts 120 have a cross-sectional diameter of 
0.165 mm, Gap 1 (140) between twinned wefts 130 is only 
0.081 mm, and Gap 2 (150) between adjacent pairs is 0.307 
mm. By contrast, measurements taken from a typical prior 
art forming fabric, show that the forming side wefts 120 
typically have a croSS-Sectional diameter of 0.165 mm and 
the Spacing between wefts is approximately 0.27 mm. Thus, 
as indicated by FIG. 1b, the gap or spacing between the first 
pair, A and B, is only one-third the size of the Spacing 
between adjacent wefts B and C. Thus, this sample fabric 
according to the present invention has a spacing ratio of 1:3. 
It is an object of the present invention to cover a range of 
spacing ratioS between 1:1.5 and 1:20. 

0.036 FIG. 2 shows a topside view of the forming side of 
a fabric according to the teachings of the present invention. 
In FIG. 2, the MD yarns 200 appear horizontally across the 
figure. Pairs of top-layer/forming-Side wefts 220 are spaced 
together to form twinned pairs of Shutes. These pairs are 
Spaced apart by a multiple of the distance between the wefts 
in each pair. Shute 210 is a middle layer weft. These middle 
wefts reside in a lower plane/layer than the forming Side 
wefts and are vertically Stacked over the wear-Side wefts. 
These middle layer wefts provide cross directional stability 
and prevent fabric shrinkage in the CD. 

0037 FIG. 3 is a schematic cross-sectional view of a 
fabric pattern in accordance with the teachings of the present 
invention. As shown in FIG. 3, the middle wefts are stacked 
directly above the bottom layer (wear side) wefts, while the 
twinned top layer (forming side) wefts are horizontally 
offset from the stacked middle and wear side wefts. In fact, 
to those skilled in the art, this type of fabric Structure may 
be described as unstacked cloth. The Specific position of the 
forming, middle, and wear wefts, in relation to each other, 
helps promote a thin caliper and lower void volume; both 
benefits for paper machine applications. 

0038. The weave pattern shown in FIG. 3 is simply one 
embodiment of the present invention. In this embodiment, 
the forming fabric is woven in an eight-shed 2.5 layer weave 
pattern, wherein each warp yarn weaves: a) upward between 
two top-layer weft yarns in a twin; b) under the following 
twin; c) downward between the two top-layer weft yarns in 
the next twin; d) over the next vertically stacked middle 
layer/bottom-layer weft yarns; e) between the next vertically 
stacked middle-layer/bottom-layer weft yarns; f) under the 
next vertically stacked middle-layer/bottom-layer weft 
yarns, g) between the next vertically stacked middle-layer/ 
bottom-layer weft yarns; h) under the next vertically stacked 
middle-layer/bottom-layer weft yarns; i) between the next 
Vertically Stacked middle-layer/bottom-layer weft yarns, and 
j) upward between the next two top-layer weft yarns in a 
twin to repeat the Weave pattern. The present invention is not 
to be limited to this pattern, and in fact encompasses many 
Weave patterns. 

0039 FIG. 4 shows cross-sectional views of a fabric 
woven in accordance with the teachings of: a) the present 
invention and b) the prior art. As shown by the vertical white 
line 404 in FIG. 4b, prior art fabrics have three layers of 
wefts Stacked in the Vertical direction. Also, Since the 
forming Side wefts are not twinned, there is equal spacing 
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between each top-layer Shute. Whereas, the fabric according 
to the invention, shown in FIG. 4a, has twinned top-layer 
(forming side) wefts 400. Note the spacing between the 
wefts in a pair is significantly less than the Spacing between 
pairs. Also, the white arrow 402 indicates a middle layer 
weft which is stacked over the bottom layer weft. However, 
in contrast to the prior art fabric the top layer pair 400 is 
offset from the stacked middle and bottom layer wefts. 
0040. The fabric according to the present invention pref 
erably comprises only monofilament yarns. Specifically, the 
CD yarns may be polyester monofilament and/or Some may 
be polyester or polyamide. The CD and MD yarns may have 
a circular cross-sectional shape with one or more different 
diameters. Further, in addition to a circular cross-sectional 
shape, one or more of the yarns may have other croSS 
Sectional shapes. Such as a rectangular cross-sectional shape 
or a non-round croSS-Sectional shape. 
0041 Modifications to the above would be obvious to 
those of ordinary skill in the art, but would not bring the 
invention so modified beyond the scope of the should be 
construed to cover Such 

What is claimed is: 
1. A papermaker's fabric comprising: 
a top layer, a middle layer, and a bottom layer of croSS 

machine direction (CD) wefts; 
a system of machine-direction (MD) yarns interwoven 

with the top, middle, and bottom layers of CD wefts; 
wherein the CD wefts in the top layer are grouped into 

twinned pairs to produce a non-uniform Spacing 
between wefts in the top layer; 

wherein the CD wefts in the middle layer provide extra 
stability in the CD; and 

the CD wefts in the middle layer and bottom layer being 
vertically stacked; the CD weft pairs in the top layer 
being vertically offset from the stacked middle and 
bottom layer CD wefts, thereby reducing the void 
Volume and caliper of the fabric and increasing fabric 
stability and stiffness. 

2. The papermaker's fabric according to claim 1, wherein 
the top layer of CD yarns forms a forming side of the fabric 
and the bottom layer of CD yarns forms a wear side of the 
fabric. 

3. The papermaker's fabric according to claim 1, wherein 
the non-uniform spacing between wefts in the top layer has 
a spacing ratio between 1:1.5 and 1:20. 

4. The papermaker's fabric according to claim 1, wherein 
the fabric is woven in an eight-shed 2.5 layer weave pattern, 
wherein each MD yarn weaves: a) upward between two 
top-layer CD wefts in a pair; b) under the following pair; c) 
downward between the two top-layer CD wefts in the next 
pair; d) over the next vertically stacked middle-layer/bot 
tom-layer CD wefts; e) between the next vertically stacked 
middle-layer/bottom-layer CD wefts; f) under the next ver 
tically stacked middle-layer/bottom-layer CD wefts; g) 
between the next vertically stacked middle-layer/bottom 
layer CD wefts; h) under the next vertically stacked middle 
layer/bottom-layer CD wefts; i) between the next vertically 
stacked middle-layer/bottom-layer CD wefts; andj) upward 
between the next two top-layer CD wefts in a twin, thereby 
completing one repeat of the Weave pattern. 
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5. The papermaker's fabric according to claim 1, wherein 
the MD and CD yarns are monofilament yarns. 

6. The papermaker's fabric according to claim 1, wherein 
the fabric is a forming, pressing, drying, or industrial type of 
fabric. 

7. The papermaker's fabric according to claim 1, wherein 
at least Some of the MD warp yarns are one of polyamide 
yarns or polyester yarns. 
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8. The papermaker's fabric according to claim 1, wherein 
at least Some of the CD wefts are one of polyamide yarns or 
polyester yarns. 

9. The papermaker's fabric according to claim 1, wherein 
the MD warp yarns and CD wefts have a circular cross 
Sectional shape, a rectangular cross-sectional shape or a 
non-round cross-sectional shape. 

k k k k k 


