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Description

Field of the Invention

[0001] The present direction is directed to fabrics
comprising yarns of high modulus materials, such as
polymer materials, covered within a second material.
The fabrics can be used in clothings for paper making
machines and other industrial fabric applications.

Background of the Invention

[0002] Paper machine clothing is the term for indus-
trial fabrics used on paper machines in the forming,.
pressing and drying sections. They are generally fabri-
cated with either polyester or polyamide multifilaments
and/or monofilaments woven on conventional, large tex-
tile looms. These fabrics have generally been fabricated
by conventional weaving techniques.

[0003] The primary function of all paper machine
clothing' (PMC) is removal of water from the paper
sheet. As' both the manufacturer of paper making ma-
chine and papermaker work to increase the speed of the
papermaking process and improve paper quality, new
barriers have been identified for PMC fabrics that de-
mand innovation in materials and fabric design. Further-
more, the PMC manufacturer is also looking for more
efficient production of PMC fabrics and enhancing key
quality characteristics of the same.

[0004] Today, paper making machines are attaining
such rapid speeds that the thickness of the fabric struc-
ture is beginning to limit the rate of water removal, es-
pecially in the forming section. Insufficient dewatering
results in low sheet strength. Sheet strength is critical
for transferring and maintaining sheet properties
through the next, more aggressive stages of sheet de-
watering. One possible solution is to lengthen the form-
ing section of the machine, but this is rather expensive
and therefore of limited viability. The other approach is
for the PMC manufacturer to produce thinner fabrics, but
in a weaving process the smallest possible dimensions
are the combined diameters of the filaments used in the
warp and shute directions. Criteria such as dimensional
stability, fabric strength and fabric life result in a practical
limit to the fineness of the filament diameter and thus
the overall thickness of the fabric. In many PMC posi-
tions, a tradeoff of these properties is not feasible or
practical, and in fact higher machine speeds actually re-
quire further enhancement of these properties.

[0005] There is a definite need for high strength, low
weight, relatively thinner clothings than those which are
presently available.

[0006] The surface topography of PMC fabrics con-
tributes to the quality of the paper product. Efforts have
been made to create a smoother contact surface with
the paper sheet. However, surface smoothness of PMC
woven fabrics is limited by the topography resulting from
the weave pattern and the filament physical properties.
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In a woven fabric (or knitted fabric), smoothness is in-
herently limited by the knuckles formed at the cross-over
points of intersecting yarns.

[0007] High modulus materials are potential materials
for use in applications requiring high mechanical prop-
erties and light weight. On a property-weight basis, high
modulus polymers have a distinct advantage over met-
als and ceramics.

[0008] High modulus polymers are highly anisotropic,
and high modulus is achieved only in the direction of
molecular chain orientation. In fact, properties normal to
the molecular axis exhibit considerably lower values
than the properties exhibited in the longitudinal direc-
tion. As a result,. low shear and compressive properties
are exhibited in the direction normal to the molecular ax-
is.

[0009] Composite design concepts are known in the
art in order to compensate for the discrepancy in prop-
erties. Representative is U.S. Patent No. 4,927,698
which discloses yarns of a core of fire-resistant filaments
such as Kevlar® and Nomex® within a sheath of shrink-
able staple fibers such as yarns which appear to be
chemically bonded to the fire-resistant core through the
reactions between a first cross-linkable resin, a second
cross-linkable resin, the Kevlar®/Nomex® component,
and the staple fiber component.

[0010] From US 5 617 903 published on 8 th April
1997 it is also known a papermaker's fabric that is con-
structed from polymeric fibers with 15 percent or more
of the fabric'fibers larger than 100 denier and multipol-
ymeric fibers. The multipolymeric fibers contain two or
more distinct polymeric regions within their cross sec-
tions. The muitipolymeric fibers may be constructed in
a sheath-core, side by side, or islands in the stream
form. The components of the multipolymeric fibers are
each selected to provide a combination of properties not
available from any single polymer fiber.

Summary of the Invention

[0011] The present invention is directed towards fab-
rics according to claim 1 which are formed from yarns
of covered high modulus filament materials. The present
invention is intended to provide a composite filamentary
material which exhibits the advantages of high modulus
materials while providing a means for compensating the
diminished properties exhibited by such fibers in the di-
rection normal to molecular chain orientation.

[0012] The present invention is a composite filament
structure wherein a high modulus filament material is
covered with bicomponent filaments. The composite fil-
ament structure has a first interior layer of high modulus
filament material and a second exterior layer of bicom-
ponent fibers, the second exterior layer of bicomponent
fibers being covered around the first interior layer of high
modulus material along its entire length. The entire sur-
face area of the high modulus material should be cov-
ered.
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[0013] The bicomponent fibers of the present inven-
tion may be either a sheath-core arrangement or a side-
by-side arrangement, with sheath-core being preferred.
It is further preferred that the sheath component have a
melting point lower than the core component.

[0014] Suitable bicomponent fibers include sheath-
core combinations of co-polyester/poly (ethylene tereph-
thalate), polyamide/poly (ethylene terephthalate) , polya-
mide/polyamide,polyethylene/poly (ethylene terephtha-
late), polypropylene/poly (ethylene terephthalate), poly-
ethylene/polyamide, polypropylene/polyamide, thermo-
plastic polyurethane/polyamide and thermoplastic poly-
urethane/poly (ethylene terephthalate.

[0015] "Modulus", as used herein, refers to the tensile
modulus as defined by the slope of the initial linear por-
tion of the load extension response (stress-strain curve)
of a specimen deformed at room temperature.

[0016] High modulus material, as used herein, in-
cludes high modulus polymers that exhibit tensile mod-
ulus greater than about 25% of theory. Alternatively, a
high modulus polymer is one possessing a tensile mod-
ulus greater than about 25 GPA. Encyclopedia of Poly-
mer Science 2d ed. vol 7, pp. 699-722. It should be not-
ed that highly oriented polymer structures are anisotrop-
ic, and as modulus is increased by raising the degree of
molecular chain orienta ion, modulus decreases com-
mensurately in other directions.

[0017] Suitable high modulus polymers include, but
are not limited to aramids such as poly (p-phenylene-
terephthalamide), available from Dupont under the
tradename Kevlar®, other aramids such as Kermel®

(available from Rhone-Poulenc) Arenka®, available
from Akzo, Nomex (available from DuPont), polyethyl-
ene naphthalate (PEN), poly (p-phenylene benzobisthi-
azole), polyesters, glass, aromatic polyamide resins
Arenka®, an aramid available from Akzo, thermotropic
copolyesters such as Vectra® (Celanese) and Xydar®
(Dart), high modulus polyethylene fibers such as Spec-
tra 900 (Allied).

[0018] The skilled artisan should appreciate that there
are several ways in which the high modulus interior
could be covered, such as braiding and wrapping. A
braid of bicomponent fibers around the high modulus in-
terior provides a structure with good stability. Wrapping
the high modulus fibers with the bicomponent fiber ma-
terial is another suitable method. Fibers could be cov-
ered with either a single covering machine or a double
covering machine. In either case, the core fibers are spi-
rally covered at a selected pitch.

[0019] Inconstructing fabrics of the present invention,
advantage is taken of the unique structure of bicompo-
nent filament. The melting point of the sheath compo-
nent is lower than the melting point of the core compo-
nent, and lower than the melting point of the high mod-
ulus interior. Improved structural integrity is imparted by
heating the fabric, which has been formed from the
yarns, which intersect each other in the fabric, to a tem-
perature in excess of the melting point of the sheath but
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lower than the melting point of the core and high mod-
ulus interior, followed by subsequent cooling. This proc-
ess, hereinafter referred to heat fusion, causes the
sheath components of the bicomponent fibers to enter
a softened state, and accordingly, the yarns fuse togeth-
er at contact points when cooled to temperatures below
the melting point of the sheath material. For the most
part, such contact points are the points where the yarns
intersect each other.

[0020] Due to the improved stability of the fabrics of
the present invention, it is believed that a single layer
fabric constructed of the composite yarns of the present
invention could successfully run on a paper making ma-
chine. That is, the present invention provides a means
for producing single layered fabrics able to withstand the
demanding conditions which paper machine clothings
are subjected to. Generally, fabrics must be constructed
of at least two layers to insure that the fabrics have the
necessary dimensional stability and strength in order to
withstand the demanding running conditions.

[0021] The present invention could also be used as
the top laminate structure of a multilayer structure, and
it is believed that its use as such a layer would offer ad-
vantages over conventional materials due to reduced
knuckle size on the surface of the fabric and reduced
caliper of the fabric. Reduced knuckle size would create
a smoother fabric surface, a feature desired by paper
makers. It is also possible that a thinner fabric can be
made using the high modulus composite yarns of the
present invention since the excellent tensile properties
possessed by high modulus materials means that less
material could be used to attain the degree of strength
possessed by conventional fabrics. The present inven-
tion may also be used as the base layer of a multilayer
structure. The improved dimensional stability of this lay-
er makes it well suited for this usage. Using a fabric ac-
cording to the invention as a base layer would impart
certain advantages to the overall fabric construction.
Because the composite yarns of the present invention
exhibit a relatively high degree of strength along the axis
of the yarn, the use of this fabric layer as the base layer
would provide the stability and strength required of the
overall fabric structure. Therefore, less rigid materials
could be used in other fabric layers, enabling the paper
maker to, for example, select fibers of fine denier to con-
struct other layers. Accordingly, fabrics could be made
thinner in this way as well. A thinner fabric is desirable
since drainage properties would be improved.

[0022] The yarns may be the sole constituents of at
least one layer of a clothing. In the case of multiple layer
clothing, at least one layer is constructed of the yarns
of the present invention, and preferably constitute the
surface layer in contact with the paper sheet. Whether
the fabric is a single layer or multiple layer, the bicom-
ponent fibers are to be arranged in an orderly non-ran-
dom manner. By arranged in an orderly non-random
manner, it is meant that fibers of a clothing run in a first
direction; the first direction fibers do not intersect with
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other fibers running in the first direction; and that fibers
of the clothing run in a second direction; the second di-
rection fibers do not intersect with other fibers running
in the second direction; that fibers running in the first
direction intersect with fibers running in the second di-
rection, and vice versa. For instance, fibers arranged in
the machine direction will not intersect with each other
and such fibers will intersect only with fibers running in
the cross machine direction. The clothings may be con-
structed of fibers running in the machine or cross ma-
chine direction, but such clothings could be constructed
of fibers which run in directions that are at angles to the
machine and cross machine direction of a paper making
machine.

Brief Description of the Drawings

[0023]

Figure 1 is a composite braided fabric of the present
invention.

Figure 2 is another composite braided fabric of the
present invention.

Figure 3 is a cross section of a yarn of the present
invention.

Detailed Description of the Preferred Embodiment

[0024] Figure 1 is a fabric comprised of yarns of the
present invention. The fabric is a plain weave construc-
tion, with yarns in the warp and shute direction being
comprised of yarns of the present invention. It can be
observed from Fig. 1 that the yarns are interconnected
with other yarns at the points at which the yarns inter-
sect. This is attributable to heat fusion of the yarns,
wherein the sheaths of the bicomponent materials fuse
to each other after heating the fabric to a temperature
above the melting point of the sheath material, yet lower
than the melting point of the core material.

[0025] Both the warp and shute yarns of the fabric
shown in Figure 1 are of the same structure. The high
modulus interior of the yarns are about 134 filaments of
Kevlar® 49. Eight bicomponent yarns have been braid-
ed around the Kevlar® interior. Each yarn is constituted
of sixteen (16) bicomponent filaments. The filaments are
Bellcouple® from Kanebo, 250 denier, 16 filament count
having alow melt copolyester sheath material and a poly
(ethylene terephthalate) core, with the melting point of
the copolyester sheath being lower than the melting
point of the PET core.

[0026] The eight bicomponent yarns are braided
around the Kevlar® interior. Braiding forms a relatively
stable structure, and the covered high modulus yarns
can be used to form fabrics as shown in Figure 1. Such
fabrics are formed according to methods readily appre-
ciated to one skilled in the art. After the fabric has been
formed, it is placed under tension, heated to a temper-
ature greater than the melting point of the sheath, yet
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lower than the melting point of the core, and then cooled
to a temperature lower than the melting point of the
sheath.

[0027] Due to the improved stability of the fabrics of
the present invention, it is believed that a single layer
fabric constructed of the composite yarns of the present
invention could successfully run on a paper making ma-
chine. That is, the present invention provides a means
for producing single layered fabrics able to withstand the
demanding conditions which paper machine clothings
are subjected to.

[0028] Generally, fabrics must be constructed of at
least two layers to insure that the fabrics have the nec-
essary dimensional stability and strength in order to
withstand the demanding running conditions. Yet be-
cause the paper machine clothings of the presentinven-
tion are characterized by high modulus, low stretch ma-
terials, the stiffness and dimensional stability of the fab-
ric is provided by the layer of high modulus materials
and accordingly, one layer fabrics are possible. In other
words, because of the high degree of strength provided
by such materials, it is possible to use less material in
constructing a fabric while imparting equal or even
greater strength when compared to multi layer materials
which contain considerably more material. Achieving a
single layer fabric design would be a substantial break-
through in PMC design. As machine speed increases,
reducing the amount of time for drainage, the ability to
achieve the smallest possible caliper becomes more
significant, since a single layer fabric would be thinner
than a multi-layer fabric, reducing the distance liquid
must traverse in order to drain.

[0029] The present invention could also be used as
the top laminate structure of a multilayer structure, and
it is believed that its use as such a layer would offer ad-
vantages over conventional materials due to increased
planarity on the surface. Increased planarity is the result
of reduced knuckle size at points where yarns intersect.
Upon heat fusion of the fabric, the low-melt component
of the bicomponent fiber collapses and flows, reducing
the knuckle size of the crossover points.

[0030] The presentinvention may also be used as the
base layer of a multilayer structure. The improved di-
mensional stability of this layer makes it well-suited for
this usage. Thus, other materials, such as those of fine
diameters, can be used in other layers, since stability
and strength is imparted by the layer constructed of the
high modulus material. The use of fine diameter mate-
rials in paper-sheet contacting layers would improve
surface smoothness, a desirable feature of paper ma-
chine clothings.

[0031] Figure 2 shows a fabric wherein the yarns de-
scribed in relation to Figure 1 above are used in the warp
direction. The shute direction yarns are comprised of 9
ply material. That is, they are a ply of nine yarns of bi-
component material as described in Figure 1. The plied
yarns are twisted loosely together. The yarns have a dis-
tinctly flattened appearance. That is, after heat fusion,
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the yarns take on a ribbon like appearance.

[0032] Figure 3 shows a cross section of a composite
yarn according to the present invention. The Kevlar®
interior is visible as a distinct region. The bicomponent
exterior is not discrete.

[0033] when running on a paper making machine, a
fabric according to the present invention should remain
cleaner than a clothing comprised of conventional
monofilaments. Heat fusion of a fabric comprised of bi-
component fibers are characterized in part by fused, in-
tersecting yarns. In contrast, conventional monofila-
ments have interstices at points where yarns intersect.
Fusion at the intersections of bicomponent fibers dimin-
ishes, and possibly eliminates, such interstices. Inter-
stices are pinch points at which debris can be entrapped
and collect over time. Accordingly, the heat fused inter-
secting yarns produced with bicomponent fibers pro-
vides a structure that should remain relatively cleaner
than a clothing comprised of conventional monofila-
ments.

[0034] Another advantage that paper machine cloth-
ings of the present invention are believed to possess
over conventional clothings comprised of monofila-
ments is that such clothings exhibit relatively planar,
knuckle free surfaces at cross over points. It can be
readily appreciated that when fibers are woven (or knit-
ted), knuckles are formed which diminish surface
smoothness. As noted, knuckle size is reduced upon
heat fusion of the bicomponent fibers, which improves
the surface smoothness. Surface smoothness is a factor
which affects paper quality. Accordingly, clothings of im-
proved smoothness are of interest to the manufacturer
of paper and related products. A network of bonds be-
tween intersecting fibers will be formed upon heat fusion
of a clothing comprised of bicomponent fibers. Physical
bonding of this kind willimprove the dimensional stability
over a conventional clothing constructed of monofila-
ment. Because of the nature of bicomponent fibers and
the unique structures they may form, fibers of denier
lower than those for required for conventional monofil-
aments can be used. The use of lower denier fibers of-
fers the advantage of a clothing thinner than a clothing
comprised of conventional monofilament, without sacri-
ficing fabric strength.

Claims

1. A fabric for use in the forming, pressing, or drying
sections of a paper making machine, the fabric hav-
ing at least one layer comprised of a composite yarn
comprised of:

a first yarn of high modulus. filamentary mate-
rial within a second yarn;

wherein the second yarn is a bicomponent fil-
amentary material, the bicomponent filamentary
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10.

1.

material having a sheath component and a core
component, wherein the bicomponent filamentary
material covers the first, high modulus filamentary
material and encases the first, high modulus filam-
entary material along the length of the composite
yarn.

The fabric as set forth in claim 1 wherein the yarns
comprising the fabric are woven.

The fabric as set forth in claim 1 wherein the yarns
comprising the fabric are knitted.

The fabric as set forth in claim 1 wherein the com-
posite yarns extend in the warp and shute direc-
tions.

The fabric as set forth in claim 1 wherein the com-
posite yarns extend in the warp direction.

The fabric as set forth in claim 1 wherein the com-
posite yarns extend in the shute direction.

The fabric of claim 1 wherein the first, high modulus
material is selected from the group consisting of
high modulus polyamides, aramids, poly(ethylene
naphthalate), glass fiber, thermotropic, aromatic co-
polyesters, poly(p-phenylene benzobisthiazole),
polyesters, and high modulus polyethylene fibers,
and mixtures thereof.

The fabric of claim 1 wherein the sheath-core com-
binations of the bicomponent fibers are selected
from combinations of co-polyester/poly (ethylene
terephthalate), polyamide/poly (ethylene tereph-
thalate), polyamide/polyamide, polyethylene/poly
(ethylene terephthalate) , polypropylene/poly (eth-
ylene terephthalate), polyethylene/polyamide, poly-
propylene/polyamide, thermoplastic polyurethane/
polyamide and thermoplastic polyurethane/poly
(ethylene terephthalate.

The fabric of claim 1, wherein the high modulus fil-
amentary material is further comprised of a plurality
of high modulus filaments.

The fabric of claim 1 wherein the biocomponent fil-
amentary material is further comprised of a plurality
of bicomponent yarns, each bicomponent yarn be-
ing further comprised of bicomponent filaments
having a sheath core arrangement.

The fabric of claim 1 wherein the fabric is heated to
a temperature greater than the melting point of the
sheath component yet lower then the melting point
of the core component and cooled to a temperature
lower than the melting point of the sheath compo-
nent.
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12. The fabric of claim 1 wherein the composite yarn is

heat fused prior to formation of the fabric.

13. The fabric of claim 1 wherein the fabric is a single-

layer fabric.

Patentanspriiche

1.

Gewebe zum Einsatz in der Sieb-, der Press- und
der Trockenpartie einer Papiermaschine, wobei das
Gewebe wenigstens eine Schicht hat, die aus ei-
nem Verbundgam besteht, das besteht aus:

einem ersten Garn aus hochmodulem Faden-
material in einem zweiten Garn;

wobei das zweite Garn ein Zweikomponenten-Fa-
denmaterial ist, das Zweikomponenten-Fadenma-
terial eine Mantelkomponente sowie eine Kemkom-
ponente hat und das Zweikomponenten-Fadenma-
terial das erste hochmodule Fadenmaterial bedeckt
und das erste hochmodule Fadenmaterial tber die
Lange des Verbundgams umhdillt.

Gewebe nach Anspruch 1, wobei die Game, die das
Gewebe bilden, gewebt sind.

Gewebe nach Anspruch 1, wobei die Game, die das
Gewebe bilden, gewirkt sind.

Gewebe nach Anspruch 1, wobei sich die Verbund-
game in der Kett- und der Schussrichtung erstrek-
ken.

Gewebe nach Anspruch 1, wobei sich die Verbund-
game in der Kettrichtung erstrecken.

Gewebe nach Anspruch 1, wobei sich die Verbund-
game in der Schussrichtung erstrecken.

Gewebe nach Anspruch 1, wobei das erste hoch-
module Material aus der Gruppe ausgewahlt wird,
die aus hochmodulen Polyamiden, Aramiden, Po-
lyethylennaphthalat, Glasfaser, thermotropen aro-
matischen Copolyestem, Poly(p-phenylenbenzo-
bisthiazol), Polyestern und hochmodulen Polyethy-
lenfasem sowie Gemischen daraus besteht.

Gewebe nach Anspruch 1, wobei die Mantel-Kern-
Kombinationen der Zweikomponentenfasem aus
Kombinationen aus Copolyester/Polyethylenter-
ephthalat, Polyamid/Polyethylenterephthalat, Poly-
amid/Polyamid, Polyethylen/Polyethylenterephtha-
lat, Polypropylen/Polyethylenterephthalat, Polye-
thylen/Polyamid, Polypropylen/Polyamid, Thermo-
plastpolyurethan/Polyamid und Thermoplastpolyu-
rethan/Polyethylenterephthalat ausgewahlt wer-
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10.

1.

12.

13.

den.

Gewebe nach Anspruch 1, wobei das hochmodule
Fadenmaterial des Weiteren aus einer Vielzahl
hochmoduler Einzelfaden besteht.

Gewebe nach Anspruch 1, wobei das Zweikompo-
nenten-Fadenmaterial des Weiteren aus einer Viel-
zahl von Zweikomponentengamen besteht und je-
des Zweikomponentengam des Weiteren aus Zwei-
komponenten-Einzelfaden mit einer Mantel-Kern-
Anordnung besteht.

Gewebe nach Anspruch 1, wobei das Gewebe auf
eine Temperatur Uber dem Schmelzpunkt der Man-
telkomponente, jedoch unter dem Schmelzpunkt
der Kemkomponente erhitzt wird und auf eine Tem-
peratur unter dem Schmelzpunkt der Mantelkompo-
nente abgekunhlt wird.

Gewebe nach Anspruch 1, wobei das Verbundgam
vor der Herstellung des Gewebes warmever-
schmolzen wird.

Gewebe nach Anspruch 1, wobei das Gewebe ein
einlagiges Gewebe ist.

Revendications

Tissu pour utilisation dans les sections de forma-
tion, de pressage ou de séchage d'une machine a
papier, le tissu ayant au moins une couche consti-
tuée d'un fil composite constitué de :

un premier fil de matiére filamentaire de module
élevé a l'intérieur d'un second fil ;

dans lequel le second fil est une matiere fila-
mentaire bicomposant, la matiere filamentaire bi-
composant ayant un composant de gaine et un
composant de coeur, dans lequel la matiere fila-
mentaire bicomposant couvre la premiére matiére
filamentaire de module élevé et encastre la premié-
re matiére filamentaire de module élevé suivant la
longueur du fil composite.

Tissu selon la revendication 1, dans lequel les fils
constituant le tissu sont tissés.

Tissu selon la revendication 1, dans lequel les fils
constituant le tissu sont tricotés.

Tissu selon la revendication 1, dans lequel les fils
composites s'étendent dans la direction de chaine

et de trame.

Tissu selon la revendication 1, dans lequel les fils
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composite s'étendent dans la direction de chaine.

Tissu selon la revendication 1, dans lequel les fils
composite s'étendent dans la direction de trame.

Tissu selon la revendication 1, dans lequel la pre-
miére matiere de module élevé est choisie dans le
groupe consistant en les polyamides, les aramides,
le poly(naphtalate d'éthyléne), les fibres de verre,
les copolyesters aromatiques thermotropes, le poly
(p-phénylene benzobisthiazole), les polyesters de
module élevé et les fibres de polyéthyléne de mo-
dule élevé, et les mélanges de ceux-ci.

Tissu selon la revendication 1, dans lequel les com-
binaisons gaine-coeur des fibres bicomposants
sont choisis parmi les combinaisons de co-polyes-
ter/poly(téréphtalate d'éthyléne), de poly-amide/
poly(téréphtalate d'éthylene), de polyamide/poly-
amide, de polyéthyléne/poly(téréphtalate d'éthyle-
ne), de polypropyléne/poly(téréphtalate d'éthyle-
ne), de polyéthyléne/polyamide, de polypropylene/
polyamide, de polyuréthane/polyamide thermo-
plastique et de polyuréthane/poly(téréphtalate
d'éthyléne) thermoplastique.

Tissu selon la revendication 1, dans lequel la ma-
tiere filamentaire de module élevé est constituée en
outre d'une pluralité de filaments de module élevé.

Tissu selon la revendication 1, dans lequel la ma-
tiere filamentaire bicomposant est constituée en
outre d'une pluralité de fils bicomposants, chaque
fil bicomposant étant constitué en outre de fila-
ments bicomposants ayant un agencement gaine/
coeur.

Tissu selon la revendication 1, dans lequel le tissu
est chauffé a une température supérieure au point
de fusion du composant de gaine, cependant infé-
rieure au point de fusion du composant de coeur et
refroidi a une température inférieure au point de fu-
sion du composant de gaine.

Tissu selon la revendication 1, dans lequel le fil
composite est thermosoudé avant la formation du
tissu.

Tissu selon la revendication 1, dans lequel le tissu
est un tissu monocouche.
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