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(67)  The invention concerns a structuring fabric for
use in a machine to produce a structured fiber web, pref-
erably a structured tissue fiber web, the structuring fabric
having a machine direction, a cross machine direction
and a thickness direction, wherein the structuring fabric
comprises a woven base fabric, the woven base fabric
having a web facing side and a machine side, wherein
the structuring fabric further comprises a plurality of struc-
turing-beads of polymeric material on the web facing side

of the woven base fabric, the structuring-beads being
suitable to provide a visible structure to the fiber web that
is produced on the structuring fabric, and wherein the
structuring-beads are resting on an upper foundation sur-
face of corresponding sublayer-beads of polymeric ma-
terial, the sublayer-beads thereby providing a foundation
for the structuring-beads. The invention furthermore re-
fers to a manufacturing process for such a structuring
fabric.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention concerns a structuring fabric for
use in a machine to produce a structured fiber web, pref-
erably a structured tissue fiber web, the structuring fabric
having a machine direction, a cross machine direction
and a thickness direction, wherein the structuring fabric
comprises a woven base fabric, the woven base fabric
having aweb facing side and a machine side, and where-
in the structuring fabric further comprises a plurality of
structuring-beads of polymeric material on the web facing
side of the woven base fabric, the structuring-beads be-
ing suitable to provide a visible structure to the fiber web
that is produced on the structuring fabric. Furthermore,
the invention concerns a method of producing such a
structuring fabric.

2. Discussion of Background Information

[0002] Such structuring fabrics, sometimes also called
"structured fabrics" or "molding fabrics", are already
known. They are often used in the production of bulky
tissue webs. The structuring-beads need to be of a cer-
tain minimum dimension to be suitable of imparting a
visible structure into the fiber web produced thereon. For
example, the structuring-beads can have a substantially
square cross-section of 0.5 mm x 0.5 mm. The smallest
dimension of the structuring-beads should be at least
0.25 mm.

[0003] WO 00/75424 A1 discloses such a fabric for
making strong, soft, absorbent paper products. The con-
tent of WO 00/75424 A1 is incorporated herein by refer-
ence. This document teaches to extrude a fluid resinous
material onto a reinforcing element, such as a woven
fabric, according to a desired predetermined pattern and
then solidifying the patterned resinous material. After so-
lidification the resinous material is attached to the rein-
forcing element.

[0004] A portion of such a structuring fabric 10 known
from the prior artis shown in a cross-sectional view along
the machine direction MD in figure 1. A problem that can
be observed with such a structuring fabric 10 is that the
bonding of the extruded structuring-beads 14 to the wo-
ven base fabric 12 is sometimes insufficient. Especially
if the structuring fabric 10 is circulated at high speeds in
a corresponding web making machine and/or if high forc-
es are applied to the structuring fabric 10, such as in a
press nip, it can happen that the structuring-beads 14
peel away from the woven base fabric 12. The reason
for this seems to be that the extruded structuring-beads
14 have only a very limited contact area with the web
facing side 16 of the woven base fabric 12. In other words,
the extruded structuring-bead 14 hardly penetrates the
volume of the woven base fabric 12 in thickness direction
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TD from its upper, web facing side 16 towards its lower,
machine side 18. Instead, it has only local contact to in-
dividual yarn knuckles on the web facing side 16 of the
woven fabric 12.

[0005] Attempts to increase the contacting area by re-
ducing the viscosity of the resinous material that form the
structuring-beads were not successful because the lower
viscosity adversely affects the dimensional stability of the
structuring-beads. For obtaining a well visible pattern
within the fiber web that is produced on the structuring
fabric, the structuring-beads should have a substantially
rectangular cross-section, wherein the sidewalls of the
structuring-beads should be substantial perpendicular to
the web facing surface of the woven fabric. However, this
is difficult to achieve if the viscosity of the resinous ma-
terial is reduced. The same is true if the still soft struc-
turing-beads are forced into the woven base fabric e.g.
by acalendaring device as proposed in WO 00/75424 A1.
[0006] Thus, itis an object of the present invention to
provide animproved structuring fabric with a strong bond-
ing of the structuring-beads to the web facing side of the
woven base fabric, wherein at the same time the dimen-
sional stability of the structuring-beads should not be ad-
versely affected. It is another object of the present inven-
tion to provide a manufacturing process for such a struc-
turing fabric.

SUMMARY OF THE INVENTION

[0007] The above-mentioned objects are achieved by
a structuring fabric according to independent claim 1 and
by a manufacturing process for such a structuring fabric
according to independent claim 9, respectively. Advan-
tageous embodiments are the subject-matter of the de-
pendent claims.

[0008] In particular, the problem is solved by the ge-
neric structuring fabric as described at the beginning
wherein the structuring-beads are resting on an upper
foundation surface of corresponding sublayer-beads of
polymeric material, the sublayer-beads thereby providing
a foundation for the structuring-beads.

[0009] By providing sublayer-beads below the struc-
turing beads it is possible to significantly improve the
strength of the bonding of the structuring-beads to the
web facing side of the woven base fabric, without ad-
versely affecting the cross-sectional shape of the struc-
turing-beads. The sublayer-beads can protrude deeper
into the volume of the woven base fabric to have a larger
contact area with the yarns of the woven base fabric,
while providing a good foundation for the structuring-
beads that rest thereon. The polymeric material of the
sublayer-beads could be for example silicone, in partic-
ular a two-component silicone.

[0010] Preferably, the form of the upperfoundation sur-
face of the sublayer-beads substantially corresponds to
the form of a lower surface of the corresponding struc-
turing-beads that rest thereon. In other words, the dimen-
sional extensions of the sublayer-beads within the plane
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of the web facing side of the woven base fabric can be
substantially the same as the dimensional extensions of
the structuring-beads. That way, the structuring-beads
can be fully supported by the sublayer-beads while at the
same time the sublayer-beads do not or do hardly reduce
permeability of the structuring fabric.

[0011] Furthermore, to provide a very good foundation
for the structuring-beads it is preferred that the upper
foundation surface of the sublayer-beads is substantially
flat. Atleast the upper foundation surface of the sublayer-
beads shall be significantly smoother compared to the
web facing surface of the woven base fabric, which is
characterized by a plurality of individual yarn knuckles.
[0012] The woven base fabric can be a single layer
weave or can comprise serval layers. Preferably, the lay-
er defining the web facing side of the woven base fabric
has a plain weave pattern. In a plain weave pattern, the
warp and weft yarns cross at right angles, aligned so they
form a simple criss-cross pattern. Each weft yarns cross-
es the warp yarns by going over one, then under the next,
and so on. The next weft yarn goes under the warp yarns
that its neighbor went over, and vice versa. With such a
weave pattern, irregularities on the web facing side of
the woven base structure can already be kept small.
[0013] In thickness direction of the structured fabric,
the sublayer-beads can be provided substantially within
the volume of the woven base fabric. This maximizes
their contact area with the yarns of the woven base fabric.
[0014] No matter if the woven base fabric is a single-
layer woven fabric or a multi-layer woven fabric, it com-
prises an upper layer, that defines the web facing side
of the woven base fabric. The upper layer is formed from
upper cross-machine direction yarns that are interwoven
with upper machine direction yarns. Preferably, the sub-
layer-beads extend so deeply into the woven base fabric
that they create a form-fit connection with at least some
of the upper cross-machine direction yarns at their deep-
est points, that is where these upper cross-machine di-
rection yarns pass under the upper machine direction
yarns. In other words, the sublayer beads preferably sur-
round the upper cross-machine direction yarns at their
deepest points by more than half of their diameter to cre-
ate such aform-fit connection. This leads to a very strong
hold of the sublayer-beads within the woven base fabric.
At the same time, it is preferred that the sub-layer beads
do not extend deeper than the thickness of the upper
layer into the woven base fabric, so as not to reduce the
void volume of the woven base fabric too much.

[0015] As mentioned above, to provide a well visible
pattern into the fiber web produced on the structuring
fabric, it is preferred that structuring-beads have a sub-
stantially rectangular cross-sectional shape. In particu-
lar, the structuring-beads may have a substantially
square cross-sectional shape. The term "substantially"
shall mean here that the sidewalls of the structuring
beads do not necessarily have to be exactly flat and/or
that the corners of the substantially rectangular cross-
sectional shape are not allowed to be slightly rounded.
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[0016] As shown and described in WO 00/75424 A1
the structuring-beads can form continuous lines on the
web facing surface of the woven fabric, wherein prefer-
ably the continuous lines substantially extend in machine
direction of the structuring fabric. The term "substantially
in machine direction" means in this context that their main
extension is in machine direction and not in cross ma-
chine direction of the structuring fabric. However, the
structuring-beads do not have to extend precisely as
straight lines in machine direction. For example, the
structuring beads may have a wavy configuration or may
form a zig-zag pattern. They also may have in total a
small inclination angle with respect to the machine direc-
tion of the structuring fabric. Preferably, the structuring
beads do not cross each other. Instead, they can extend
substantially parallel to each other. If the structuring-
beads form continuous lines on the web facing surface
of the woven fabric, this implies that they can not be
formed by extruding the resinous material through a ro-
tary screen. Instead, a method called "nozzle extrusion
deposition" is preferably applied.

[0017] Of course, itis possible to use a polymeric ma-
terial for forming the sublayer-beads that differs from the
polymeric material for forming the structuring-beads. For
example, the polymeric material for forming the sublayer-
beads may have a lower viscosity than the polymeric
material for forming the structuring-beads. A lower vis-
cosity can be beneficial to enhance the penetration of
the material into the volume of the woven base fabric.
However, for the sake of simplicity and to achieve a very
good bonding between the two beads, it is often preferred
that the polymeric material of the structuring-beads is the
same as the polymeric material of the sublayer-beads.
A good bonding can be achieved especially achieved if
the two beads are applied in a so-called "wet-in-wet"
method.

[0018] Another aspect of the present invention refers
to a method of producing a structuring fabric of the
present invention as described above, comprising the
following steps:

a) extruding a sublayer-bead of polymeric material
through a first extrusion nozzle onto a web facing
surface of a woven base fabric, wherein the sublay-
er-bead comprises an upper foundation surface,

b) extruding a structuring-bead of polymeric material
through a second extrusion nozzle onto the top of
the upper foundation surface of the sublayer-bead.

[0019] Theterm"onto"in step a) mightbe read as "into"
since the polymeric material forming the sublayer-bead
shall at least partly, preferably completely, penetrate into
the woven base fabric.

[0020] The nozzles may be stationary while the woven
base fabric is moved in machine direction of the struc-
turing fabric to be produced. This will result in a pattern
of straight lines extending in machine direction. If the pat-
tern shall be a zig-zag configuration or a wavy configu-
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ration, the nozzles may be movable in cross machine
direction during the manufacturing process. An example
is illustrated in figure 4 of WO 00/75424 A1.

[0021] Toguarantythatthe structuring bead is precise-
ly located on top of the corresponding sublayer-bead, the
first extrusion nozzle and the second extrusion nozzle
are preferably integrally formed in one extrusion die. Fur-
thermore, it is advantageous if the distance between the
two different nozzles is kept small. With respect to the
moving direction of the woven base fabric during the pro-
duction process of the structured fabric, the two nozzles
are preferably located one behind the other so that first
the sublayer-bead is applied onto the web facing side of
the woven base fabric and then, on top of the sublayer-
bead, the structuring bead is applied.

[0022] In afurther preferred embodiment, a plurality of
pairs of first extrusion nozzles and second extrusion noz-
zles are integrally formed in one extrusion die.

[0023] Preferably, the first extrusion nozzle is formed
in a first surface of an extrusion die which first surface is
substantially parallel to the web facing surface of the wo-
ven fabric during the extrusion process, wherein the sec-
ond extrusion nozzle is formed in a second surface of an
or the extrusion die which second surface is inclined with
respect to the web facing surface of the woven fabric
during the extrusion process. This allows to ensure that
the resinous material extruded through the first extrusion
nozzle to form the sublayer-bead will penetrate deeper
the volume of the woven base fabric.

[0024] Furthermore, the distance of the first extrusion
nozzle to the web facing surface of the woven fabric is
preferably larger than the distance of the second extru-
sion nozzle to the web facing surface of the woven fabric
during the extrusion process.

[0025] To achieve a strong bonding between the sub-
layer-bead and the structuring-bead the structuring-bead
can be extruded in step b) at a time when the sublayer-
bead has not been cured yet, at least not completely.
This is sometimes called "wet-in-wet" method. Even
though the two beads may be formed from the same pol-
ymeric material, such as silicone, and may be cured sub-
stantially at the same time, it is still possible to clearly
recognize, at least in a laboratory, the border between
the two beads in the final product.

[0026] It has been found out that good results are
achievable if the first nozzle is substantially rectangular
shaped, whereas the second nozzle is substantially star-
shaped. The star-shaped nozzle can lead to a structur-
ing-bead having a substantially rectangular, in particular
substantially square, formed cross-section.

[0027] Furthermore, ithas beenfound out thatitis ben-
eficial if the width of the first, substantially rectangular
shaped nozzle is substantially the same as the smallest
width of the second, substantially star-shaped nozzle
and/or the length of the first, substantially rectangular
shaped nozzle is substantially half the length of the sec-
ond, substantially star-shaped nozzle. The term "width"
of the first nozzle refers to its extension in cross machine
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direction of the structuring fabric during the production
process, whereas the term "length" of the first nozzle re-
fers toits extension in machine direction of the structuring
fabric during the production process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the following the present invention is ex-
plained in more detail with the aid of an exemplary em-
bodiment illustrated in the following schematic figures:
Figures 2  shows a cross-sectional view of a portion
of a structuring fabric according to the
present invention;

shows a die with several pairs of first and
second nozzles to extrude sublayer-beads
and corresponding structuring beads on top
thereof; and

shows the manufacturing process for pro-
ducing the structuring fabric according to
the present invention.

Figures 3

Figures 4

DETAILED DESCRIPTION OF THE INVENTION

[0029] Figure 2 shows in cross-section a portion of a
structuring fabric 10 according to the present invention.
This figure resembles figure 1 showing a corresponding
portion of a structuring fabric known from the prior art,
as described above. Therefore, the same reference signs
are used for the same features, and it is referred to the
description of figure 1 above regarding these features.
In the following, only the differences between the em-
bodiments of figure 1 and figure 2 will be explained.

[0030] In contrast to the prior-art embodiment of figure
1, in the embodiment of figure 2 according to the present
invention, the structuring-bead 14 does not only have a
limited local contact with the yarn knuckles that charac-
terize the web facing side 16 of the woven base fabric
12 but the structuring-bead 14 rests with its lower surface
on an upper foundation surface of a sublayer-bead 20.
The sublayer-bead 20 is formed preferably completely
within the volume of the woven base layer 12, thus having
a strong bond to the woven base layer 12. Its upper foun-
dation surface, i.e. its surface that is facing away from
the machine side 18 of the woven base layer 12, is sub-
stantially flat, thereby providing a very good foundation
for the structuring bead 14 resting thereon. In thickness
direction TD of the structuring fabric 10, the dimension
of the sublayer-bead 20 may be smaller than the dimen-
sion of the structuring-bead 14. In the present embodi-
ment, the woven base fabric 12 is formed as a multi-layer
woven fabric but it could also be a single-layer woven
fabric. The upper layer, that defines the web facing side
16 of the woven base fabric 12 is preferably a plain
weave. The upper layer is formed by upper machine di-
rection yarns 32 interwoven with upper cross-machine
direction yarns 34. The sublayer-bead 20 extends so
deep into the woven base fabric 12 as to create a form-
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fit connection with the upper cross-machine direction
yarns 34 where these upper cross-machine direction
yarns 34 pass under the machine direction yarns 34. In
other words, the polymeric material of the sublayer-bead
20 surrounds more than half of the diameter of the upper
cross-machine direction yarns 34 at their lowest points.
At the same time, the sublayer-bead 20 does not extend
deeper into the woven base fabric 12 than the thickness
of the upper layer. In thickness direction, the sublayer-
bead 20 is almost as thick as the structuring-bead 14
resting thereon.

[0031] Inthe presentembodiment, the knuckles on the
web facing side 16 of the woven fabric only slightly project
above the substantially flat upper foundation surface of
the sublayer-bead 20. The sublayer-bead 20 and the
structuring-bead 14 are preferably formed from the same
polymeric material, such as a two component silicone.
This results in a strong bond between the two beads,
especially if the structuring-bead 14 is applied on top of
the sublayer-bead 20 at a time when the material of the
sublayer-bead 20 has not been cured yet.

[0032] Figure 3 shows an extrusion die 22 adapted to
simultaneously apply several structuring-beads 14 and
corresponding sublayer-beads 20 onto the web facing
side 16 of the woven base fabric 12. More precisely, the
extrusion die 22 comprises five pairs of first nozzles 24
and second nozzles 26, to extrude five pairs of sublayer-
beads 20 and structuring-beads 14, respectively. For the
sake of clarity, two pairs of first nozzles 24 and second
nozzles 26 are shown in an enlarged view on the bottom
offigure 3. The first nozzles 24 for extruding the sublayer-
beads 20 have a substantially rectangular form, whereas
the second nozzles 26 for extruding the structuring-
beads 14 have a substantially star-shaped form. The
term "star-shaped form" in this context refers to a form
that resembles a square, wherein the lateral edges of the
square are not straight but curved toward the center of
the star-shaped form. The smallest distance between two
opposite curved lateral edges is designated here with
letter "A". This smallest distance A is preferably between
0.3 mm and 1.0 mm, more preferably between 0,6 mm
and 0,8 mm. The first, substantially rectangular shaped
nozzle 24 has a width that substantially corresponds to
the smallest distance A of the second, substantially star-
shaped nozzle 26. The length of the first, substantially
rectangular shaped nozzle 24 is significantly smaller than
its width. Itmay be only halfthe width, i.e. halfthe smallest
distance A of the second, substantially star-shaped noz-
zle 26.

[0033] The pitch of two directly neighboring pairs of
first nozzles 24 and second nozzles 26 is "B". The pitch
B is measured as the distance from the center of one
second nozzle 26 to the center of one of its directly neigh-
boring second nozzles 26. The pitch B is preferably be-
tween 2 and 6 times the smallest distance A between
two opposite curved lateral edges of the first, substan-
tially rectangular shaped nozzle 24.

[0034] The first nozzles 24 are provided within a first
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surface 28, whereas the second nozzles 26 are provided
within a second surface 30. The first surface 28 and the
second surface 30 do not lie within the same plane. In
other words, the second surface 30 is inclined with re-
spect to the first surface 28. As shown in figure 4, during
the manufacturing process of the structuring fabric 10
according to the present invention, the first surface 28 of
the extrusion die 22 is placed close and substantially par-
allel to the web facing side 16 of the woven base fabric
12. This allows resinous material extruded through the
first nozzles 24 to easily penetrate the volume of the wo-
ven base fabric 12, so as to form sublayer-beads when
the woven base fabric 12 is carried in moving direction
v, preferably corresponding to the machine direction MD
of the structuring fabric 10, below the extrusion die 22.
[0035] The resinous material extruded through the
second nozzles 26 formed in the second surface 30 of
the extrusion die 22 then forms the structuring-beads 14
that rest upon the upper foundation surface of the corre-
sponding sublayer-beads 20. The inclination of the sec-
ond surface 30 with respect to the first surface 28 and,
thus, with respect to the web facing side 16 of the woven
base fabric, helps to form substantially square shaped
structuring-beads 14.

[0036] During the manufacturing process of the struc-
turing fabric 10, the extrusion die 22 may be stationary
while the woven base fabric 12 moves in moving direction
v, so as to form a pattern of structuring-beads 14 that
extend in parallel straight lines. However, if it is preferred
to provide the structuring fabric 10 with another pattern
of structuring-beads 14, such as a zig-zag pattern or a
wavy pattern, the extrusion die 22 may be moved, e.g.
back and forth, orthogonally to the moving direction v
during the manufacturing process, i.e. orthogonally to the
image plane of figure 4.

Reference signs:
[0037]

10  structuring fabric

12 woven base fabric

14  structuring-bead

16 web facing side

18  machine side

20 sublayer-bead

22 extrusion die

24 first nozzle

26  second nozzle

28 first surface

30 second surface

32  upper machine direction yarns
34  upper cross-machine direction yarns

A smallest distance between two opposite curved
lateral edges

B pitch of two directly neighboring pairs of first and
second nozzles
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MD  machine direction
TD thickness direction
v moving direction

Claims

1. A structuring fabric for use in a machine to produce
a structured fiber web, preferably a structured tissue
fiber web, the structuring fabric having a machine
direction, a cross machine direction and a thickness
direction,

wherein the structuring fabric comprises a wo-
ven base fabric, the woven base fabric having
a web facing side and a machine side,
wherein the structuring fabric further comprises
a plurality of structuring-beads of polymeric ma-
terial on the web facing side of the woven base
fabric, the structuring-beads being suitable to
provide a visible structure to the fiber web that
is produced on the structuring fabric,
characterized in that the structuring-beads are
resting on an upper foundation surface of cor-
responding sublayer-beads of polymeric mate-
rial, the sublayer-beads thereby providing a
foundation for the structuring-beads.

2. The structuring fabric according to claim 1,
characterized in that the form of the upper founda-
tion surface of the sublayer-beads substantially cor-
responds to the form of a lower surface of the cor-
responding structuring beads that rest thereon.

3. The structuring fabric according to claim 1,
characterized in that the upper foundation surface
of the sublayer-beads is substantially flat.

4. The structuring fabric according to claim 1,
characterized in that in thickness direction of the
structured fabric, the sublayer-beads are provided
substantially within the volume of the woven base
fabric.

5. The structuring fabric according to claim 1,
characterized in that the woven base fabric com-
prises an upper layer defining the web facing side of
the woven base fabric, wherein the upper layer is
formed from upper cross-machine direction yarns
that are interwoven with upper machine direction
yarns, and wherein the sublayer-beads extend so
deeply into the woven base fabric that they create a
form-fit connection with at least some of the upper
cross-machine direction yarns at their deepest
points.

6. The structuring fabric according to claim 1,
characterized in that the structuring-beads have a
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10.

1.

12.

13.

substantially rectangular, preferably substantially
square, cross-sectional shape.

The structuring fabric according to claim 1,
characterized in that the structuring-beads form
continuous lines on the web facing surface of the
woven fabric, wherein preferably the continuous
lines substantially extend in machine direction of the
structuring fabric.

The structuring fabric according to claim 1,
characterized in that the structuring-beads form
straight lines on the web facing surface of the woven
fabric or the structuring-beads have a wavy config-
uration.

The structuring fabric according to claim 1,
characterized in that the polymeric material of the
structuring-beads is the same as the polymeric ma-
terial of the sublayer-beads.

A method of producing a structuring fabric according
to any of the preceding claims, comprising the fol-
lowing steps:

a) extruding a sublayer-bead of polymeric ma-
terial through a first extrusion nozzle onto a web
facing surface of a woven base fabric, wherein
the sublayer-bead comprises an upper founda-
tion surface,

b) extruding a structuring-bead of polymeric ma-
terial through a second extrusion nozzle onto
the top of the upper foundation surface of the
sublayer-bead.

The production method according to claim 10,
characterized in that the first extrusion nozzle and
the second extrusion nozzle are integrally formed in
one extrusion die.

The production method according to claim 10,
characterized in that the first extrusion nozzle is
formed in a first surface of an extrusion die which
first surface is substantially parallel to the web facing
surface of the woven fabric during the extrusion proc-
ess, wherein the second extrusion nozzle is formed
in a second surface of an or the extrusion die which
second surface is inclined with respect to the web
facing surface of the woven fabric during the extru-
sion process.

The production method according to claim 10,
characterized in that the distance of the first extru-
sion nozzle to the web facing surface of the woven
fabric is larger than the distance of the second ex-
trusion nozzle ot the web facing surface of the woven
fabric during the extrusion process.
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14. The production method according to claim 10,
characterized in that the structuring-bead is extrud-
ed in step b) at a time when the sublayer-bead has
not been cured yet.

5
15. The production method according to claim 10,
characterized in that the first nozzle is substantially
rectangular shaped, whereas the second nozzle is
substantially star-shaped.
10

16. The production method according to claim 15,
characterized in that the width of the first, substan-
tially rectangular shaped nozzle is substantially the
same as the smallest width of the second, substan-
tially star-shaped nozzle and/or the length of the first, 75
substantially rectangular shaped nozzle is substan-
tially half the length of the second, substantially star-
shaped nozzle.
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