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(57) ABSTRACT 

A yarn (100) comprising one or more bundles (110, 120, 130), 
each of said one or more bundles comprising at least thirty 
metal fibres is described. The metal fibres (140) comprise 
stainless steel and a metal which is electrically more conduc 
tive than stainless steel. The yarn is twisted with a predeter 
mined number of torsions per meter, said predetermined 
number of torsions per meter is smaller than 80 per meter and 
larger than 10 per meter. By doing so, an improved flexlife of 
the yarn can be obtained. 
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ELECTRICALLY CONDUCTIVE YARN WITH 
REDUCED TORSIONS 

TECHNICAL FIELD 

0001. The present invention relates to an electrically con 
ductive yarn comprising one or more bundles of metal fibres 
and to its various uses. 

BACKGROUND ART 

0002 Yarns comprising one 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, in use, 
with an electric current to obtain the required heating effect. 
In many of the applications of Such yarns, the yarns are 
Subjected to different stress and/or strain conditions. In par 
ticular, the yarns may be repeatedly loaded under tensile 
and/or bending or torsion stresses, e.g. when applied in a car 
seat heating. When repeatedly Subjected to Such stresses, 
metal fibres of the yarn may break, eventually resulting in the 
failure of the yarn. As a result, the yarn may no longer provide 
its function as a heating element in e.g. a car seat heating. 

DISCLOSURE OF INVENTION 

0003. 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 lifetime of the yarn is 
affected by its resistance against repeated bending, which is 
generally called the flexlife. Therefore, in order to improve 
the lifetime of yarns comprising one or more 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”. 
0004. According to the invention, this object is achieved 
by a yarn for car seat heating comprising one or more bundles, 
each bundle comprising at least thirty metal fibres, said metal 
fibres comprising stainless steel and a metal which is electri 
cally more conductive than stainless steel. Such as e.g. copper 
or a copper alloy, saidyarn comprising a predetermined num 
ber of torsions per meter, characterized in that said predeter 
mined number of torsions per meter is smaller than 80 per 
meter and larger than 10 per meter. 
0005 Examples of a metal “which is electrically more 
conductive than stainless steel' are e.g. copper, aluminium, 
nickel, silver, gold or any alloy thereof. 
0006. The bundles comprise and at least 30 metal fibers. 
Preferably, all the fibers in the bundle are metal fibers. Even 
more preferably, all the fibers in the bundles are metal fibers 
comprising stainless steel and a metal which is electrically 
more conductive than stainless steel. 
0007. The metal fibres can be single drawn or bundle 
drawn. For a single drawn fibre the diameter reduction is done 
by means of a series of dies for one fibre. For bundle drawn 
fibres the diameter reduction is done by means of a single 
series of dies for the whole bundle, as e.g. described in U.S. 
Pat. No. 3,379,000, U.S. Pat. No. 3,394,213, U.S. Pat. No. 
2,050,298 or U.S. Pat. No. 3,277,564. In case of the bundle 
drawing operation, the cross section of a fiber has usually a 
pentagonal or hexagonal shape as is shown in FIG. 2 of U.S. 
Pat. No. 2,050,298, and the circumference of the fiber cross 
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section is usually serrated as opposed to a single drawn fiber, 
which has a circular cross section. This difference in fiber 
cross section resulted in the use of the term “equivalent diam 
eter of a fiber which 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. 

0008. The number of torsions per meter may vary from 10 
per meter until 80 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 twistortorsion used to obtain the electrically 
conductive yarn, or stated otherwise, the number of turns 
about the axis of the yarn. In case only one bundle is present 
in the yarn, the number of torsions is the amount of torsion 
applied on this individual bundle. In case two or more bundles 
are present in the yarn, the number of torsions is the amount 
of twist used to combine the bundles into the yarn. 
0009. As such, a yarn according to the present invention 
encompasses the following examples: 

0010. A yarn comprising one single bundle comprising 
1000 fibres, the bundle having 50 torsions per meter. 

0011. A yarn comprising two bundles, each comprising 
275 fibres, the bundles being twisted with one another 
with 50 torsions per meter. 

0012. With respect to the second example, preferably the 
individual bundles have no torsions on their own. 

0013. It has been observed in various experiments that the 
number of torsions per meter as applied in a yarn comprising 
one 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. 
0014. In general, a much higher number of torsions per 
meteris applied inyarn in order to obtain the various elements 
of the yarn (i.e. the fibres in a bundle or bundles) closely 
together. However, as Surprisingly has been observed in the 
present invention, this high number of torsions may adversely 
affect the flexlife of the yarn. As a consequence, the life 
expectancy of the application comprising the yarn may be 
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. 
Examples of applications wherein the flexlife of the yarns 
plays an important role are e.g. the use in heating applications 
Such as a car seat heating. In order to keep the different 
elements of the yarn from spreading too far apart, it has been 
observed that a minimum number of approx. 10 torsions per 
meter is sufficient. 

0015. 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. The fibres as applied in yarns according to the 
present invention comprise multiple layers of metal and at 
least they comprise both stainless steel and a metal which is 
electrically more conductive than stainless steel. Such as e.g. 
copper or copper alloy. By applying such a fibre, advantage 
can be made of the properties of both the stainless steel and 
the metal which is electrically more conductive than stainless 
steel. The fibres as applied in the yarns according to the 
invention thus combine the favourable strength properties of 
a stainless Steel and the electrical resistance properties of such 
electrically more conductive metal Such as e.g. copper. 
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0016. The equivalent diameter of the individual metal 
fibres is typically smaller than 50 Lim, e.g. Smaller than 40 um, 
e.g. Smaller than 20um. The fibre diameteris typically greater 
than 1 Jum, e.g. greater than 2 Jum, e.g. greater than 6 Jum. It has 
been observed that a reduced fibre diameter also has a positive 
effect on the flexlife. 
0017. The metal fiber yarn can further be coated with a 
suitable coating, preferably PVC, PVA, PTFE (polytetrafluo 
roethylene, also called Teflon) FEP (copolymers of tetrafluo 
romethylene and hexafluoropropylene), MFA (perfluoro 
alkoxy polymer) or polyurethane lacquer. 
0018. A yarn according to the invention is advantageously 
used in car seat heating, but also in textile products in general 
or for heating applications in general. 

BRIEF DESCRIPTION OF FIGURES IN THE 
DRAWINGS 

0019 FIG. 1 schematically shows a cross-sectional view 
of a yarn according to the present invention; 
0020 FIGS. 2a and 2b schematically illustrate two pos 
sible ways of twisting multiple bundles about one another to 
obtain a yarn according to the present invention; 
0021 FIG.3 schematically illustrates the flexlife of a yarn 
as a function of the number of torsions per meter; 
0022 FIG. 4 schematically illustrates the application of a 
yarn according to the present invention as a heating element 
for a car seat. 

MODE(S) FORCARRYING OUT THE 
INVENTION 

0023 Yarns according to the present invention comprise 
one or more bundles of metal fibres, each bundle comprising 
at least 30 metal fibres. FIG. 1 schematically depicts a cross 
sectional view of a yarn 100 according to the present inven 
tion. The yarn 100 comprises three bundles 110, 120 and 130 
each comprising more than 30 metal fibres 140. 
0024. In the present invention, metal is to be understood as 
encompassing both metals and metal alloys (such as stainless 
steel) or compositions. As an example, the metal fibres as 
applied in the present invention may comprise a stainless steel 
core enclosed by copper or a copper alloy. Alternatively, the 
metal fibres as applied in a yarn according to the present 
invention may have a copper core Surrounded by a stainless 
steel mantle. Such fibres provide improved electrical proper 
ties combined with the corrosion and oxidation resistance of 
stainless steel. Said stainless steel is preferable chosen out of 
AISI 300 series such as AISI 302,304,316 or 316L, or AISI 
400 series such as AISI 430, AISI 625 or AISI. 904. 
0025. In accordance with the present invention, the fibres 
forming the bundles may either be bundle-drawn fibres or 
single drawn fibres. 
0026. 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 21 micrometer. The equivalent 
diameter of a fibre is to be understood as the diameter of an 
imaginary circle, having the same area as the cross section of 
the fibre. 
0027 Preferably, the bundles of fibres as applied in the 
yarns according to the present invention are obtained from a 
bundle-drawing process. The latter process may advanta 
geously be applied as it enables the manufacturing of thinner 
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fibres compared to a single-drawing process. In addition, the 
bundle-drawing process can be considered a more economi 
cal process as it results in a plurality of fibres being obtained 
at the same time. With respect to bundle drawing of metal 
fibres, reference can be made to U.S. Pat. No. 3,394,213, U.S. 
Pat. No. 2,050,298 or U.S. Pat. No. 3,277,564. 
0028. 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. 
0029. The metal fibres as applied in the yarns according to 
the present invention may comprise a core of a material hav 
ing a higher electric conductivity compared to steel or steel 
alloys. Preferred materials for forming Such a core are copper 
or copper alloys. 
0030. 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, as in the present invention, using a 
bundle-drawing process, as e.g. described in JP-A-5-177243 
and WO-A-2006/120045 obtaining metal fibres with multiple 
layers. As such, a bundle of metal fibres having a copper or 
copper alloy core and a mantle of e.g. stainless steel can be 
obtained. In a preferred embodiment, the stainless steel 
mantle may comprise AISI 31.6L steel or AISI 625 or AISI 
904. 
0031 Said bundles may advantageously be applied in 
yarns according to the present invention for Such applications 
where the electrical conductivity is important, such as elec 
trical 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 uphol 
stery. 
0032. A further application where the electrical conduc 
tivity is important and where the yarns according to the inven 
tion may advantageously be applied is the use as leadwire 
connecting different electronic devices to each other such as 
batteries, PCB’s or monitoring devices. 
0033. With respect to the twisting of the two or more 
bundles as applied in embodiments of the yarns according to 
the present invention, different options exist. Two options are 
illustrated in FIGS. 2a and 2b. 
0034 FIG.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 illus 
trated on the left side of FIG.2b. As can be seen, reference line 
L (or fibre L) substantially remains in the position relative to 
the circumference (or other fibres) of the bundle. This process 
is sometimes referred to as “cabling and can be carried out 
by means of tubular twisting machines. 
0035. As an alternative, the bundles of the yarns can be 
twisted by applying a torsional force on the two or more 
bundles. By doing so, the individual bundles also have a 
torsion on their own, or get an additional torsion. This is 
illustrated on the right side of FIG.2b. This process is some 
times referred to as “bunching” and can be carried out by 
double-twisting machines. 



US 2011/0079589 A1 

0036. The flexlife improvement that can be obtained by 
yarns according to the present invention is further illustrated 
by the graph shown in FIG. 3. FIG.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 increased even fur 
ther. 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 
spreading too far apart is found when the number of torsions 
per meter is between 30 and 60. 
0037 Yarns according to the present invention may advan 
tageously be applied as a heating element for a car seat. This 
is illustrated in FIG. 4. FIG. 4 schematically shows a car seat 
500 provided with a textile product 510 comprising yarns in 
accordance with the present invention as electrical electrodes 
511. Carbon wires 512 may be coupled to an electric device 
(not shown) that is arranged to provide, in use, the required 
current to the textile product by means of two cables 513, each 
being coupled to an electrode 511 to which the carbon wires 
512 are coupled. This arrangement is called a parallel car seat 
heating element. 
0038 Alternatively, a serial car seat heating embodiment 
can be provided, where the yarns according to the present 
invention function as the heat resisting elements. 
0039. The improvement with respect to the flexlife that 
can be realised by yarns according to the invention is illus 
trated by the following test results. 
0040. The following table 1 shows, as an example, the 
experimentally determined flexlife of the following yarns. 
0041. The yarns are indicated as: 

a/bxc/d 

wherein 
0042 a equals the equivalent diameter of the fibres, 
0043 b represents the number of bundles, 
0044 c represents the number of fibres per bundle and 
004.5 d represents the number of torsions per meter. 

TABLE 1. 

Av. # of cycles 
yarn (Flexlife) Tex Flex Factor 

141 x 275,40 2702 340 7.9 
14f1 x 275,100 2368 340 7.0 
14f1 x 275,150 242O 340 7.1 
14.f4 x 90.40 3593 445 8.1 
14.f4 x 90,100 2S26 445 5.7 
14.f4 x 90,150 1989 445 4.5 
12.2 x 27SFSO 4800 499 9.6 
12.2 x 275,120 3627 499 7.3 
122 x 275,175 3O89 499 6.2 
12.3 x 27SFSO 6446 749 8.6 
12.3 x 275,120 57 27 749 7.6 
12.3 x 275,175 SO82 749 6.8 
143 x 27SFSO 6871 1020 6.7 
143 x 275,100 4784 1020 4.7 
143 x 275,175 4O13 1020 3.9 

0046. The flexlife can be determined by subjecting a 
sample length of a yarn to a repeated bending over a bending 
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radius of about 0.60 mm to 0.80 mm and 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. 
0047 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 flex 
factor, which is the ratio of the number offlex life cycles to the 
TeX of the yarn, is therefore an appropriate means for com 
paring 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’. 
0048 Although various specific applications of the yarns 
according to the invention are mentioned, the present inven 
tion is in no way restricted to the applications mentioned. 

1. An electrically conductive yarn comprising one or more 
bundles, each bundle comprising at least thirty metal fibres, 
said metal fibres comprising stainless steel and a metal which 
is electrically more conductive than stainless steel, said yarn 
comprising 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. 

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

3. A yarn according to claim 1, the yarn comprising two or 
more bundles. 

4. A yarn according to claim 1, wherein said metal which is 
electrically more conductive than stainless steel is copper. 

5. Ayarn according to claim 1, wherein said predetermined 
number of torsions is between 30 torsions per meter and 60 
torsions per meter. 

6. A yarn according to claim 1 wherein the number of 
bundles times the number of fibres per bundle is larger than 
250. 

7. A yarn according to claim 1, wherein said metal fibres 
are untwisted in some or all of said bundles. 

8. A yarn according to claim 1, wherein said metal fibres 
are twisted in some or all of said bundles. 

9. A yarn according to claim 1, wherein said metal fibres 
comprise a copper core and a stainless steel mantle. 

10. A yarn according to claim 1 wherein said yarn has an 
isolating coating such as PTFE (Polytetrafluoroethylene). 

11. A yarn according to claim 1, said yarn additionally 
comprising a polymer elongated element, said polymer elon 
gated element twisted with said one or more bundles of metal 
fibres. 

12. A heating element comprising an electrically conduc 
tive yarn as in claim 1. 

13. The use of an electrically conductive yarn as in claim 1 
as resistive heating elements in heatable textile applications. 

14. The use of an electrically conductive yarn as in claim 
13, wherein said heatable textile application is car seat heat 
1ng. 

15. The use of an electrically conductive yarn as in claim 1 
in a leadwire. 


