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Multibundle yarn with reduced torsions

Description

Technical Field

[0001]

The present invention relates to a yarn comprising two or more bundles of

metal fibres and to its various uses.

Background Art

[0002]

[0003]

Yarns comprising two or more bundles of metal fibres are known. Such yarns
are e.g. applied in vehicle seat heating systems or heatable textiles. In these
applications, the yarns are used as an electrical resistance and provided with
an electric current to obtain the required heating effect. Other applications of
such yarns include the use as anti-static brushes, the use as leadwire for
electrodes or as an electrical conductor for power and or signals.

In many of these applications, the yarns are subjected to different stress
and/or strain conditions. In particular, the yarns may be repeatedly loaded
under tensile and/or bending or torsion stresses. When repeatedly subjected to
such stresses, metal fibers in the yarn may break, eventually resulting in the

failure of the yarn.

Disclosure of Invention

[0004]

[0005]

In general, there is a desire to increase the life time of systems or components.
In case of the application of yarns comprising bundles of metal fibres, the life
time of the yarn is, amongst other, affected by its resistance against repeated
bending, which is generally called the flexlife. Therefore, in order to improve
the life time of yarns comprising bundles of metal fibres, it is an object of the
present invention to design a yarn having an improved resistance against
bending and/or fretting and/or wear, which improved resistance is called an
improved flexlife. Within the meaning of the present invention, flexlife is to be
understood as “the resistance to rupture of the yarn under repetitive bending
conditions”. Examples of applications wherein the flexlife of the yarns plays an
important role are e.g. the use in anti-static brushes or the use as leadwire for
electrodes or the use in car seat heating.

According to the invention, this object is achieved by a yarn comprising two or

more bundles, each of said bundles comprising at least thirty metal fibres, said



WO 2009/147114 PCT/EP2009/056674

[0006]

[0007]

[0008]

2

bundles being twisted with one another with a predetermined number of
torsions per meter, characterized in that said predetermined number of
torsions per meter is smaller than 80 per meter and larger than 10 per meter,
e.g. from 20 per meter until 70 per meter, e.g. from 30 per meter until 60 per
meter. As used herein, the term “number of torsions” must be understood to
be the amount of twist or torsion used to obtain the electrically conductive
yarn, or stated otherwise, the number of turns about the axis of the yarn. Orin
other words, the number of torsions is the amount of twist used to combine the
bundles into the yarn. In a preferred embodiment, the bundles in the yarn are
untwisted before being combined into a yarn. In an alternative preferred
embodiment, the bundles in the yarn are twisted before being combined into a
yarn.

It has been observed in various experiments that the number of torsions per
meter as applied in a yarn comprising two or more bundles of metal fibres
affects the flexlife of the yarn. More specifically, it has been observed that an
important increase in flexlife is achieved when the number of torsions per
meter is kept below 80. In general, a much higher number of torsions per
meter is applied in yarn comprising metal fibers in multiple bundles, in order to
keep the different bundles of the yarn together. However, as surprisingly has
been observed in the present invention, this adversely affects the flexlife of
such yarn. As a consequence, the life expectancy of the application comprising
the yarn is reduced. By selecting the number of torsions per meter according
to the present invention, an increase of the flexlife of the yarns, and
consequently an increased life time of the system wherein the yarns are
applied, can be realised. The fibres as applied in yarns according to the
present invention can be single-drawn or bundle-drawn metal fibers.

In order to keep the different bundles of the yarn from spreading too far apart,
it has been observed that a minimum number of approx. 10 torsions per meter
is sufficient.

As a matter of example only, it has been observed by experiments that in
particular embodiments of the yarns according to the present invention the

flexlife can be 10.000 cycles or more.
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[0009]

[0010]

[0011]

3

In a preferred embodiment of the present invention, the metal fibers in the yarn
are obtained by a bundle-drawing process. Such a process is generally known
and involves the coating of a plurality of metal wires (a bundle), enclosing the
bundle with a cover material, drawing the bundle to the appropriate diameter
and removing the cover material of the individual wires (fibres) and the bundle,
as e.g. described in US3379000, US 3394213, US2050298 or US3277564.
Compared to grouping a plurality of single-drawn fibres together to form a
bundle, the bundle-drawn process allows the fibre diameter to be reduced
further simultaneously. It has been observed that a reduced fibre diameter
also has a positive effect on the flexlife. Therefore, in a preferred embodiment,
the equivalent diameter of the metal fibers is smaller than 20um. The term
"equivalent diameter" of a fiber is to be understood as the diameter of an
imaginary circle having a surface area equal to the surface area of the radial
cross section of the fiber. In case of the bundle drawing operation, the cross
section of a fiber has usually a pentagonal or hexagonal shape as is shown in
figure 2 of US2050298, and the circumference of the fiber cross section is
usually serrated as opposed to a single drawn fiber, which has a circular cross
section.

The metal fiber yarn can further be coated with a suitable coating, preferably
PVC, PVA, PTFE (polytetrafluoroethylene, also called Teflon) FEP
(copolymers of tetrafluoromethylene and hexafluoropropylene), MFA
(perfluoroalkoxy polymer) or polyurethane lacquer.

A yarn according to the invention can be used in a heating element, as a

sewing wire or as a lead wire.

Brief Description of Figures in the Drawings

[0012]

[0013]

[0014]

Figure 1 schematically shows a cross-sectional view of a yarn according to the
present invention;

Figures 2a and 2b schematically illustrate two possible ways of twisting
multiple bundles about one another to obtain a yarn according to the present
invention;

Figure 3 schematically illustrates the flexlife of a yarn as a function of the

number of torsions per meter.
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Mode(s) for Carrying Out the Invention

[0015]

[0016]

[0017]

[0018]

[0019]

Yarns according to the present invention comprise two or more bundles of
metal fibres, each bundle comprising at least 30 metal fibres. Figure 1
schematically depicts a cross-sectional view of a yarn 100 according to the
present invention. The yarn 100 comprises three bundles 110, 120 and 130
each comprising more than 30 continuous metal fibres 140.

In the present invention, metal is to be understood as encompassing both
metals and metal alloys (such as stainless steel) or compositions comprising
both metal and non metallic components (such as carbon steel). In a preferred
embodiment, the metal fibres are made of stainless steel as they provide an
improved resistance to corrosion and oxidation. Said stainless steel fibres are
preferable provided out of AlSI 300 series such as AISI 302, 304, 316 or 316L,
or AlSI 400 series such as AISI 430, AlSI 625 or AISI 904.

In another preferred embodiment, at least part of the metal fibers in said metal
fiber bundles have a cross section comprising at least two concentric metal
layers. Even more preferably, said fibers comprise a copper core and a
stainless steel mantle, such as described in JP05-177243. Such fibres provide
improved electrical properties combined with the corrosion and oxidation
resistance of stainless steel. In a preferred embodiment, the stainless steel
mantle may comprise AISI 316L steel or AISI 625 or AISI 904. In an
alternative more preferable embodiment the metal fibers comprise three
concentric metal layers as e.g. in JP-A- 5-177243 and WO-A-2006/120045
describing metal fibres with multiple layers and a process for obtaining such
metal fibers. In another preferred embodiment, the yarns in the present
invention comprise metal fibers which with a core of stainless steel and a
copper containing mantle, such as e.g. described in EP1362941.

In accordance with the present invention, the fibres forming the bundles may
either be single drawn filament fibres or may be bundle-drawn fibres.

The metal fibres as applied in the yarns according to the present invention
preferably have an equivalent diameter being less than 50 micrometer, but
more than 0.5 micrometer, preferably between 1 micrometer and 35

micrometer, yet preferably between 7 and 32 micrometer.
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[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]
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Preferably, the metal fibres are present as filament fibres. In an alternative
preferred embodiment the metal fibers are present as staple fibres.

The yarns according to the present invention may advantageously be applied
to obtain a textile product, e.g. a braided, woven, knotted or knitted textile
product.

When said yarns are applied to obtain a knitted structure, said structure may
e.g. be applied for car glass separation material.

Yarns according to the present invention can equally be applied as braids, e.qg.
as shielding materials around flexible hoses.

When such materials are to be used for forming the metal fibres, bundles of
such materials may equally be obtained by grouping a plurality of single-drawn
wires or filaments, or, preferably, using a bundle-drawing process.

Said yarns according to the present invention may advantageously be applied
for such applications where the electrical conductivity is important, such as
electrical heating applications. Such applications can e.g. include heatable
textiles wherein the electrically conductive yarn functions as a resistive heating
element. Such textiles can e.g. be part of a heating device which is integrated
in a car seat, usually between a foamed part of the seat and the seat
upholstery.

A further application where the electrical conductivity is important and where
the yarns according to the invention may advantageously be applied is the use
as leadwire connecting different electronic devices to each other such as
batteries, PCB’s or monitoring devices.

With respect to the twisting of the two or more bundles as applied in the yarns
according to the present invention, two different options exist. These two
options are illustrated in figures 2a and 2b.

Figure 2a schematically depicts two bundles A and B and a reference line L on
the outer surface of each bundle (if the bundle is untwisted, then the reference
point is a fibre L the fibre being located on the circumference of the bundle).
One way of twisting the different bundles A and B is by bending the bundles
about each other, substantially without applying any torsion on the individual
bundles. As such, the twisting of the two or more bundles does not result in a

(additional) torsion of the individual bundles. This is illustrated on the left side



WO 2009/147114 PCT/EP2009/056674
6

of figure 2b. As can be seen, reference line L (or fibre L) substantially remains
in the position relative to circumference (or the other fibres) of the bundle. This
process is sometimes referred to as “cabling” and can be carried out by means
of tubular twisting machines.

[0030] As an alternative, the bundles of the yarns can be twisted by applying a
torsional force on the two or more bundles in addition to the bending force. By
doing so, the individual bundles are also twisted on their own. This is illustrated
on the right side of figure 2b. This second way of twisting can be carried out by
means of a double-twisting machine, sometimes referred to as a buncher.

[0031] The improvement with respect to the flexlife that can be realised by yarns
according to the invention is illustrated by the following test results.

[0032] The following table 1 shows, as an example, the experimentally determined
flexlife of the following yarns, the tested yarns are yarns with a core of copper
and stainless steel mantle as described in JP-A- 5-177243.

[0033] The yarns are indicated as:

a/bXc/d

wherein

a equals the equivalent diameter of the fibres,

b represents the number of bundles,

c represents the number of fibres per bundle and

d represents the number of torsions per meter.

Table 1:
yarn Av. # of cycles Tex Flex Factor
(Flexlife)
14/4X90/40 3593 445 8,1
14/4X90/100 2526 445 5,7
14/4X90/150 1989 445 4,5
12/2X275/50 4800 499 9,6
12/2X275/120 3627 499 7,3
12/2X275/175 3089 499 6,2
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12/3X275/50 6446 749 8,6
12/3X275/120 5727 749 7,6
12/3X275/175 5082 749 6,8
14/3X275/50 6871 1020 6,7
14/3X275/100 4784 1020 4,7
14/3X275/175 4013 1020 3,9

[0034]

[0035]

[0036]

The flexlife can be determined by subjecting a sample length of a yarn to a
repeated bending under an axial load. The bending degree in such a test is
generally taken as 180°. During the test, a micro-current is arranged to run
through the yarn sample, the yarn sample forming part of an electrical circuit.
Once all fibres of the sample are broken, the electric circuit is also broken and
the counting of the number of bendings is stopped.

Flexlife must be compared for yarns having a same tex number (tex is being
expressed in g/1000m). In table 1, it is clear that for yarns with approximately
same tex numbers the flexlife is better for smaller diameters of fibers. The
flexfactor, which is the ratio of the number of flex life cycles to the Tex of the
yarn, is therefore an appropriate means for comparing the “flexlife” of a yarn.
By examining the flexfactor, as in table 1, it is clear that lower torsions applied
on a yarn, as well as smaller diameters of fibers in the yarn provide a better
“flexlife”.

The flexlife improvement that can be obtained by yarns according to the
present invention is further illustrated by the graph shown in figure 3. Figure 3
schematically indicates the flexlife FL as a function of the number of torsions
per meter N. As can be seen on the graph, an important flexlife improvement is
obtained when the number of torsions per meter is kept below 80. By a further
reduction of the number of torsions per meter, the flexlife can be reduced even
further. However, as already mentioned above, in order to keep the different
bundles of the yarn from spreading too far apart, it has been observed that a
minimum number of approx. 10 torsions per meter should be observed. A good

compromise between an improved flexlife and avoiding the bundles from
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spreading too far apart is found when the number of torsions per meter is
between 30 and 60.

[0037] Although various specific applications of the yarns according to the invention
are mentioned, the present invention is in no way restricted to the applications

mentioned.
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Claims

Claim 1. A yarn (100) comprising two or more bundles (110, 120, 130), each of said
bundles (100) comprising at least thirty metal fibres (140), said bundles being
twisted with one another with a predetermined number of torsions per meter,
characterized in that said predetermined number of torsions per meter is
smaller than 80 per meter and larger than 10 per meter.

Claim 2. A yarn according to claim 1 wherein said predetermined number of torsions is
between 30 torsions per meter and 60 torsions per meter.

Claim 3. A yarn according to claim 1 or claim 2, wherein said metal fibres are single-
drawn or bundle-drawn fibres.

Claim 4. A yarn according to any preceding claim wherein the equivalent diameter of
the metal fibres is between 7 and 32 micrometer.

Claim 5. A yarn according to any preceding claim wherein the number of fibres per
bundle is smaller than 300.

Claim 6. A yarn according to any preceding claim wherein the number of bundles times
the number of fibres per bundle is larger than 60, e.g. larger than 250.

Claim 7. A yarn according to any one of the preceding claims, wherein said metal
fibres are stainless steel fibres.

Claim 8. A yarn according to any of the claims 1 to 6, wherein at least part of the metal
fibers in said metal fiber bundles have a cross section comprising at least two
concentric metal layers.

Claim 9. A yarn according to claim 8, wherein the core of said fibers is copper and the
outer layer is stainless steel.

Claim 10. A yarn according to claim 8, wherein the core of said fibers is stainless
steel and the outer layer is copper.

Claim 11. A yarn according to any of the preceding claims, wherein said yarn has
an isolating coating, such as e.g. PTFE (polytetrafluoroethylene).

Claim 12. A yarn according to any one of the claims 1 to 10, said yarn additionally
comprising a polymer elongated element, said polymer elongated element
twisted with said one or more bundles of metal fibres.

Claim 13. The use of a yarn as in any of the claims 1 to 12 as resistive heating

element in heatable textile applications.
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Claim 14.  The use of a yarn as in any of the claims 1 to 12 as a leadwire.

Claim 15.  The use of a yarn as in any of the claims 1 to 12 as a sewing yarn.
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