(19)

DANMARK (10 DK/EP 3298634 T3

(12) Oversaettelse af
europeeisk patentskrift

Patent-og
Varameserkestyrelsen

(51)
(45)

(80)

Int.Cl.: HO01L 41/087 (2006.01)
Oversaettelsen bekendtgjort den: 2019-10-07

Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2019-06-26

Europaeisk ansggning nr.: 16725460.6

Europaeisk indleveringsdag: 2016-05-19

Den europaeiske ansggnings publiceringsdag: 2018-03-28
International ansagning nr.: EP2016061264

Internationalt publikationsnr.: WO2016188853

Prioritet: 2015-05-22 EP 15169045

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: Sanko Tekstil Isletmeleri San. Ve Tic. A.S., Organize Sanayi Bélgesi 3. Cadde, 16400 Inegol -
Bursa, Tyrkiet

Opfinder: Cobanoglu, Ozgiir, c/o Sanko Tekstil Isletmeleri San. Ve Tic. A.S., Organize Sanayi Bélgesi 3. Cadde,
16400 Inegol - BURSA, Tyrkiet

lyidogan, Deniz, c/o Sanko Tekstil Isletmeleri San. Ve Tic. A.S., Organize Sanayi Bolgesi 3. Cadde, 16400 Inegol
- BURSA, Tyrkiet

Akdemir, Ozgiir, c/o Sanko Tekstil Isletmeleri San. Ve Tic. A.S., Organize Sanayi Bélgesi 3. Cadde, 16400
Inegol - BURSA, Tyrkiet

Fuldmaegtig i Danmark: Marks & Clerk (Luxembourg) LLP, 44 rue de la Vallée, B.P. 1775, L-1017 Luxembourg,
Luxembourg

Benaevnelse: KOMPOSIT GARNSTRUKTUR
Fremdragne publikationer:

US-A- 4 568 851
US-B1- 6 271 621



DK/EP 3298634 T3



DK/EP 3298634 T3

DESCRIPTION

[0001] The present invention relates to a composite yarn structure, in particular to a
piezoelectric yarn structure in the fields of textile construction engineering and of flexible
devices physics.

[0002] Piezoelectricity is the electric charge that is generated in certain materials in response
to an applied mechanical stress. In general, piezoelectric materials develop electrical potential
across defined layers of the material upon pressure, strain or pulses or a combination thereof.

[0003] The piezoelectric effect is reversible, i.e. the materials in which an electrical charge is
generated from an applied mechanical stress also exhibit the internal generation of a
mechanical strain resulting from an applied electrical field. Piezoelectric phenomena are known
and have been studied for more than a century.

[0004] Piezoelectric devices are used in many technical fields, for example in valves and for
energy harvesting and for sensing applications. In particular, energy harvesting in textiles has
been actively investigated; to this purpose piezoelectric yarns have been provided.

[0005] WO 2014/161920 discloses a method for producing a piezoelectric and pyroelectric
fiber, wherein the fiber has a core material comprising an electrically conductive flexible
thermoplastic composite comprising at least one polymer and at least one conductive filler. The
fiber further comprises a surrounding material made of a permanently polarizable polymer.

[0006] Therefore such document discloses a yarn having a conductive center surrounded by a
polymer in which said yarn achieves piezoelectric features. The piezoelectric yarn may be
further twisted together with a conductive yarn.

[0007] Document EP 0187829 B1 discloses a cable structure which allows a sensible
piezoelectric response in a piezoelectric coaxial cable. To this end, the coaxial cable has a
conductive polymer core comprising a polymeric material in which conductive particles are
provided, a piezoelectric polymer layer surrounding the conductive polymer core, and an outer
conductor surrounding the piezoelectric polymer layer. The cable is also provided with an outer
protective jacket.

[0008] GB 2516987 discloses a fabric having a three-dimensional spacer structure, comprising
a piezoelectric material acting as a spacer between knitted or woven fabric layers, for
harvesting energy via the conversion of mechanical energy into electrical energy. The fabric
layers comprise conductive fibres, while the interconnecting piezoelectric spacer yarns
comprise piezoelectric fibres, which can be monofilaments and/or multiflaments. Alternatively,
the first and second layers may comprise film-like or solid fabric materials.

[0009] A further example of prior art may be found in US6271621 which discloses a
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piezoelectric pressure sensor in the form of a co-axial cable.

[0010] A common problem of the known piezoelectric fabrics is that the intensity of the
piezoelectric effect is limited. In order to enhance energy harvesting, several studies are being
carried out on fabric structures that could improve the amount of generated energy.

[0011] It is an aim of the present invention to increase energy production in a fabric comprising
piezoelectric yarns.

[0012] A further aim of the invention is to provide a piezoelectric yarn with increased
piezoelectric effect.

[0013] These and other aims are achieved by a yarn structure having the features recited in
claim 1.

[0014] In a general way, the invention relates to a composite yarn structure having a first
element comprising a coaxial flexible bi-component monofilament including a conductive
component and a thermoplastic component exhibiting piezoelectric properties; at least a
second conductive element arranged around at least part of the first element to provide a
piezoelectric yarn, characterized in that said piezoelectric yarn has auxetic properties.

[0015] Preferred embodiments are the object of dependent claims.

[0016] In greater detail, the invention relates to a composite yarn structure having:

» a first element comprising a coaxial flexible bi-component monofilament including a
conductive component and a thermoplastic component exhibiting piezoelectric
properties,

» aleast a second element twisted around the first element,

wherein the second element has a lower elasticity with respect to the elasticity of the first
element such that, upon elongation of the yarn structure in a first direction, the yarn structure
expands in a second direction, whereby the dimensions of the yarn are increased both in first
and second directions to generate an additional force on said piezoelectric component of the
first element.

[0017] The second element is a conductive element or comprises a conductive element to
provide the required piezoelectric effect. The second element may be inelastic, i.e. it may have
a limited stretch (elongation) capability, lower than the stretch (elongation) properties of the
first element; in other words, the second element does not elongate or elongates very little.

[0018] The behavior of the yarn is comparable to or is the same as the behavior of an auxetic
yarn; the constraint against elongation provided by the second element having a low elasticity,
or in other words, high rigidity obliges the first filament element to expand transversally to the
direction of the elongation, bending and twisting around the stretched second element. In other



DK/EP 3298634 T3

words, in an unstretched condition of the composite yarn of the present invention the first
element shape has a substantially rectilinear shape; the second element is twisted around the
first rectilinear element in a helix.

[0019] Upon stretching, the second element is brought into a substantially or almost rectilinear
shape, along the direction of stretching - elongation; once the second element has been pulled
into a substantially rectilinear condition, it cannot be further stretched because of his inelastic
properties, i.e. because the second element cannot be elongated in the same way as the first
element. This change of status of the second, non-elastic element of the yarn of the present
invention obliges the elastic first element to change from its initial rectilinear shape into a
helix/sinusoidal condition in which the first element is twisted around the second element. The
result is an increase in the overall dimensions of the yarn, namely of the width of the overall
yarn; the composite yarn can thus be said to have auxetic properties.

[0020] The invention provides a new class of yarn structures which can create, by means of a
combination of an auxetic and a piezoelectric effect, an enhanced electric potential difference
between two conductors.

[0021] Another object of the invention is an article that exploits such combination of auxetic
and a piezoelectric effects to increase electric potential difference created in the article.
Exemplary articles are fabrics, garments, clothes and ropes.

[0022] Another object of the invention is to provide a textile yarn and a fabric including such
textile yarns that may be employed in application such as textile sensors.

[0023] Auxetic materials are known since the late 1980's. Auxetic materials are materials that
get thicker and/or wider along a first direction, upon stretching along a second direction
perpendicular to the first direction, contrariwise to many ordinary materials. The opposite
behavior is also known, namely narrowing upon pressure, instead of getting wider as expected
from ordinary materials.

[0024] Auxetic fabrics have been employed in a limited number of specific uses, such as
sensors, filters and smart bandages. As mentioned, an effect of the invention is that when the
yarn structure is subjected to a force acting in an axial direction, the whole structure also
expands in a transversal direction, giving rise to an auxetic effect.

[0025] Since the yarn structure is piezoelectric, the combination of the properties of auxeticity
and of piezoelectricity in a single yarn, increase the produced pressure onto the piezoelectric
material by effect of the expansion of the yarn, hence the generated electric potential
difference is increased.

[0026] According to an exemplary embodiment of the invention, upon elongation of the yarn
structure in a first direction, the second element is stretched to an almost rectilinear position
and deforms the first element in such a way as to shape the first element in a helix fashion in
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the second direction, around the first element.

[0027] An effect of this embodiment is that when the yarn structure is used in a fabric, the
auxetic effect increases the width of all the piezoelectric yarns present in the fabric, a
phenomenon which produces additional pressure through all of the piezoelectric components,
leading to an additional potential development between respective conductors.

[0028] Another aspect of the invention provides a textile fabric comprising a plurality of
composite yarn structures, wherein said composite yarn structures comprise:

e a first element comprising a coaxial flexible bi-component monofilament including a
conductive component and a thermoplastic component exhibiting piezoelectric
properties,

* asecond element twisted around the first element,

wherein the second element is a conductive element or comprises a conductive element and
has a lower elasticity with respect to the elasticity of the first element such that, upon
elongation of the yarn structure in a first direction, the yarn structure expands in a second
direction, whereby the dimensions of the yarn are increased both in first and second directions
to generate an additional force on said piezoelectric component of the first element.

[0029] The direction in which the first element expands is angled to and may be substantially
perpendicular to the first direction, according to an exemplary embodiment.

[0030] The invention will now be described in greater detail, by way of example, with reference
to the accompanying, exemplary and non limiting, drawings, wherein like numerals denote like
elements, and in which:

Figures 1A and 1B show a composite yarn structure according to a first embodiment of the
invention in a first (1A) configuration and in a second configuration (1B);

Figure 2 is a section along plane A-A of the structure of Figure 1A.
Figure 3 is a sectional view of a yarn structure that exhibits only piezoelectricity;

Figure 4 is a sectional view of a yarn structure that exhibits piezoelectricity and auxetic
properties;

Figure 5 shows a portion of a fabric comprising a plurality of composite yarn structures
according to an embodiment of the invention;

Figure 6 shows a curve representing an electric potential across an arbitrary-value termination
resistor, across electrodes, as a function of a force applied to the yarn structure in the
configuration of Figure 1A;

Figure 7 shows a curve representing an electric potential across an arbitrary-value termination
resistor, across electrodes, as a function of a force applied to the yarn structure in the
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configuration of Figure 1B; and

Figure 8 shows a curve representing an electric potential across an arbitrary-value termination
resistor, across electrodes, as a function of forces applied to the fabric of Figure 5.

[0031] Figure 1A shows an embodiment of the composite yarn structure 10, according to the
invention, in two different configurations.

[0032] The composite yarn structure 10 comprises a first element 15 comprising a coaxial
flexible bi-component monofilament including a conductive component 20 and a thermoplastic
component 30 exhibiting piezoelectric properties. As visible in Figures 1-2, in an embodiment
of the invention, the thermoplastic component 30 surrounds the conductive component 10.

[0033] Suitable materials for the conductive component 20 are blends of low-density
polyethylene (LDPE) or High-density polyethylene (HDPE) with carbon nanotubes (CNTs),
graphite, graphene nano-sheets, carbon black (amorphous carbon), polyaniline (doped),
polypyrrole (doped).

[0034] Suitable materials for the thermoplastic component 30 are polyvinylidene fluoride
(PVDF) homopolymer and its copolymers with trifluoroethylene P(VDF-co-TrFE) or
tetrafluoroethylene P(VDF-co-TFE), odd numbered polyamides (PA) such as PA5, PA7, PA11
and so on.

[0035] As previously mentioned, components 20 and 30, forming the first element 15, have
elastic properties and can be elongated.

[0036] The composite yarn structure 10 further comprises a second element 40 twisted around
the first element 15. The second element 40 has a tensile strength greater than a tensile
strength of the first element 15. Moreover, the second element 40 has a lower elasticity with
respect to the elasticity of the first element 15 or, in other words, a higher rigidity with respect
to the rigidity of the first element 15.

[0037] Figure 1A shows the disposition of the composite yarn of the invention in an
unstretched condition; in this condition, first element 15 extends in a substantially rectilinear
direction and second element 40 is twisted around first element 30 to provide a plurality of
turns. The difference in elasticity between first and second elements is such that, upon
stretching and elongation of the yarn's structure 10 in a first direction (see fig. 1B), i.e. in the
direction of the axis of first element, the initial shape of structure 10 is deformed by the
movement of second element 40; namely the yarn's structure expands in a second direction
that is angled or substantially perpendicular to the first direction, i.e. to direction of elongation
of the yarn, that is corresponding to the direction of arrow F in figures 1 and 2.

[0038] This phenomenon results in generation of an additional force on said piezoelectric
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component 30 of the first element 15.

[0039] Upon elongation of the yarn structure 10, the second element 40 is substantially aligned
with the elongation direction and the first element 15 expands by forming a series of curves
around the second element 40. Such curves are angled with respect to the elongation direction
by an angle a comprised between 30° and 90°, preferably 30° to 80°, as shown in Figure 1B.

[0040] As the skilled person knows, a possible way to measure elasticity is to use the Young's
modulus, also known as the tensile modulus or elastic modulus, namely a measure of the
stiffness of an elastic material defined as the ratio of the stress (force per unit area) along an
axis to the strain (ratio of deformation over initial length) along that axis in the range of stress
in which Hooke's law holds. Hooke's law, as known in the art, states that the force needed to
extend or compress a material by some distance is proportional to that distance.

[0041] In general, in a preferred embodiment the tensile strength of the first element is in the
range of 15 - 78 MPa. The tensile strength of the second element is preferably in the range of
0.5 - 2.0 GPa. The difference in tensile strength of second to first element is of at least 422
MPa. Tensile strength is measured according to ASTM D638. Other methods of measuring
tensile strength may be used.

[0042] Suitable materials for the second element are silver/copper coated polyester/polyamide
yarns or fully metal filament yarns e.g. made of steel. According to an exemplary embodiment
of the invention, the second element 40 may be made of at least one metallic filament.

[0043] Therefore, the composite yarn structure 10 disclosed can be used as a flexible
piezoelectric yarn sensor which also exhibit auxetic features, in order to maximize its
performance when used within a fabric construction or in another article made of yarns.

[0044] More in detail, as seen in Figure 1, when the composite yarn structure 10 is subjected
to a force F greater than zero in a longitudinal direction, e.g. along the axis, of the composite
yarn, a shape transformation of the composite yarn structure 10 occurs. Namely the structure
10 is elongated by a length L but, at the same time, the structure 10 expands transversally in a
perpendicular or angled direction with respect to the direction of the force F. As visible in the
figures, the yarn increases its overall width after being stretched by force F, starting from an
initial width of X and reaching a larger width of X + Y.

[0045] In other words, in the composite yarn structure 10, upon elongation of the yarn
structure 10 in a first direction, the second element 40 elongates and, at the same time,
stretches the first element 15 in such a way as to shape the first element 15 in an almost
sinusoidal fashion in the second direction. In other words, the yarn expands transversally.

[0046] Therefore the application of force F to the composite yarn structure 10 leads to an
enhanced electric potential development between the conductive component 20 of the first
element 15 and the second element 40. Such electric potential can be harvested by an
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external circuitry (not represented for simplicity), e. g. in application such as sensors.

[0047] Considering a fabric structure comprising a plurality of composite yarn structures 10 as
described above, a piezo-auxetic synergistic effect in the whole fabric may also be realized if at
least two composite yarns of the invention are adjacent to each other, i.e. they are close
enough to be mutually biased by the expansion step.

[0048] An exemplary structure such as the one above described is represented in Figure 5.

[0049] Such piezo-auxetic synergistic effect in the fabric is created by two components as
follows. The first effect is the fact that the yarn structure 10 exhibits piezoelectric features
thanks to the transverse pressure through the piezoelectric material created upon stretching,
for example by applying the force F.

[0050] The second effect is that this pressure is exponentially higher within a fabric compared
to a single yarn of the same structure, thanks to the fact that all the piezoelectric yarns forming
the fabric gets wider, a phenomenon that produces additional pressure through all of the
piezoelectric components, leading to an additional potential development between respective
conductors.

[0051] In any case, the composite yarn structure 10 can create an enhanced potential
difference between two conductors by piezoelectricity and exhibits a negative Poisson's ratio,
upon stretching, whereby the Poisson ratio is defined as the percentage of expansion divided
by the percentage of compression in transversal direction of a material.

[0052] Within a woven fabric structure or a rope structure, the composite yarn of the invention,
10, by using its auxetic features, produces an enhanced electric potential difference due to
additional forces that originate from the fact that individual fibers experience an increased
transverse pressure compared to yarns that are piezoelectric but not auxetic within the same
woven structure.

[0053] These additional forces have different directions, therefore, different piezoelectric
constants are in use, such as d33, namely the volume change when a piezoelectric material is
subject to an electric field, rather than d31. As is known piezoelectric constants, also known as
piezoelectricity coefficients, quantifies the volume change when a piezoelectric material is
subject to an electric field, or its polarization on application of a stress.

[0054] In the various embodiments of the invention, a portion of tensile stimuli are translated to
transverse stimuli within a fabric construction due to auxeticity. This means the physical stimuli
change direction, which in turn means that a different piezoelectric coefficient set is used to
generate electric output.

[0055] A visual schematic comparison between a yarn structure that exhibits only
piezoelectricity (Figure 3) with a yarn structure that exhibits piezoelectricity and auxetic
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properties (Figure 4) is hereby given.

[0056] In figure 3 there is no auxeticity, the piezoelectric constant used is d1 only which is an
energy harvesting constant given by the formula d1 = V1/F1, where V1 is the electric potential
generated and F1 is the longitudinal force (Figure 3).

[0057] When first element 15, i.e. the bicomponent element, is also subjected to a pressure
towards its center, then another piezoelectric constant comes into play as an addition, namely
d2 given by the formula d2 = V1/F1 + V2/F2, where V1 and V2 are electric potentials
generated, F1 is the longitudinal force and F2 is a force perpendicular to F1 (Figure 4).

[0058] In case of fabric or rope structures (such as the one represented in Figure 5) that are
made with a plurality of yarn structures, according to the various embodiments of the invention,
an additional force F3 may be defined.

[0059] Force F3 defines, in addition to forces F1 and F2, another additional gain factor when
the yarn is embodied within a fabric or in a rope.

[0060] Since each yarn gets larger due to its auxetic behavior, the force F2 in Figure 4
increases more than in the case of a stand-alone yarn.

[0061] In such a case, the total force acting upon the piezoelectric component 30 increases to
a value of F2+F3.

[0062] The value F3 represents the value of the force originating from the fact that neighboring
yarns in the fabric or rope structure, which might also be auxetic, exert additional forces
against each other resisting their widening due to the auxetic effect.

[0063] This phenomenon may increase the overall pressure on the piezoelectric material of
component 30. Within a certain range, this phenomenon helps to obtain more overall efficiency
of the final yarn as a strain sensor.

[0064] A further parameter to take into consideration may be the twisting angle of second
element 40, which defines the number of turns per unit length of the whole yarn. The twisting
angle is defined e.g. by the softness of the central bicomponent and may be calibrated
accordingly: if the number of turns is more than necessary, then the auxetic behavior will not
be present as the central bicomponent will have enough mechanic resistance against being
bent.

[0065] As a general rule, and with reference to Figure 1, the number of turns must be sufficient
to cover the length L1 of the yarn structure 10 in a non-elongated configuration and to allow to
reach the length L1 + L when the yarn structure is in an elongated configuration. If the number
of turns is less than necessary, then the d2 coefficient will not have a significant additional
term, therefore, the additional gain will not be as high as it otherwise could. Considering the
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thickness of the piezoelectric layer, its thickness is usually within the range from a few
hundreds of nano-meters to a few hundreds of micro-meters radially, namely 100 nm to 800
pm as measured radially having as centre the center of bicomponent first element.

[0066] In an embodiment of the invention, additional second elements may be used, provided
that the additional second elements strictly follow the path of conductive second element 40 in
order not to destroy the yarn geometry required to create the auxeticity phenomenon.

[0067] In other words, all the optional twisting second elements should be in-phase or
synchronized with one another. In order to create such alternative filament structure,
conductive second element 40 and all the possible additional second elements should be
twisted first to create a twisting flament bundle; the twisting filament bundle is then twisted
around the central bicomponent element 15. The optional additional second elements may be
conductive or isolating.

[0068] Simulations have been carried out on the various embodiments of the invention.

[0069] The result of such simulations will be hereby explained with particular reference to
Figures 6-8.

[0070] Figure 6 shows a curve V representing electric potential as a function of a force F
applied to the yarn structure in the configuration of Figure 1A; in the case of Figure 6, a
relatively small force F is applied to the yarn structure 10, leaving it substantially in the
configuration represented on Figure 1A. No significant auxetic deformation is therefore
present.

[0071] In Figure 6, curve F represents (not in scale) the force applied to the yarn structure 10
and curve V the electric potential due to the piezoelectric effect which follows a smooth Landau
kind of potential distribution over time. It is noted also that the shape of the potential curve is
not distorted.

[0072] In contrast, Figure 7 shows a curve V' representing electric potential as a function of a
stronger force (curve F') applied to the yarn structure in the configuration of Figure 1B. In this
case, due to the auxeticity phenomenon an additional electric potential development (curve V')
is generated and is added to the one represented in Figure 6.

[0073] Also, in Figure 7 the time development of the electric potential is different from the case
with no auxetic phenomenon, as well as the potential intensity different, both phenomena
leading to a distortion in the shape of the electric potential development. It should also be
noted that the areas under curves V and V' represent the total energy output generated, which
is higher in the case of Figure 7.

[0074] Finally, Figure 8 shows a curve V" representing an electric potential as a function of
forces (curve F") applied when the yarn structure is embedded into the fabric of Figure 5.
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[0075] In this case, a plurality of yarn structures are incorporated within a fabric construction or
a rope or similar textile structure where each yarn structure experiences the effect of
neighboring auxetic yarns and the pressure created by such neighboring yarns. This
phenomenon further distorts the electric potential shape (curve V") because a third component
of the force, namely F3, is experienced by the yarn structures. A weighted combination of the
piezoelectric coefficients are in use.

[0076] The area under curve V" is further increased, leading to an increased energy output for
a given fixed force F", which in turn means more efficiency.

[0077] In the composite yarn structure 10, the conductive component 20 of the first element 15
may be made of an elastic conductive material. As an example, the elastic conductive material
of the conductive component 20 of the first element 15 may be a polymer including conductive
metallic impurities. For example, such conductive metallic impurities may be made of silver or
copper.

[0078] In the alternative, the elastic conductive material of the conductive component 20 of the
first element 15 may be an intrinsically conductive polymer. For example, such intrinsically
conductive polymers may be polyaniline (PANI) or polypyrrole (PPy). The thermoplastic
component of the composite yarn structure 10 may be made of polyvinylidene fluoride (PVDF)
or of any other suitable thermoplastic polymer.

[0079] In order to create a piezoelectric phase in the thermoplastic polymer, the drawn coaxial
components are polarized under a strong electric field after heating to align the thermoplastic
polymer chain. An optimum drawing ratio can be chosen to perform the drawing, in the
absence of an electric field, of the coaxial components in order to impose the piezoelectric
phase in the thermoplastic polymer.

[0080] Possible applications of the yarn structure of the invention are, among others, i)
wearable sensor technology for body position monitoring in fabric form and ii) tensile
monitoring of ropes used in a variety of areas from mountain climbing to heavy marine
applications.

[0081] In some embodiments of the invention, the thermoplastic component 30 may have
auxetic properties per se, in addition to the auxetic effect given to the whole yarn structure 10
by the second element 40.

[0082] While at least one exemplary embodiment has been presented in the foregoing
summary and detailed description, it should be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not intended to limit the scope,
applicability, or configuration in any way. Rather, the foregoing summary and detailed
description will provide those skilled in the art with a convenient road map for implementing at
least one exemplary embodiment, without departing from the scope as set forth in the
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appended claims.
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o1-
KOMPOSIT GARNSTRUKTUR
PATENTKRAV

1. Komposit garnstruktur (10) med et fgrste element (15), der omfatter et coaksialt, fleksibelt
tokomponent monofilament, der indbefatter en ledende komponent (20) og en termoplastisk komponent
(30) med piezoelektriske egenskaber; mindst et andet ledende element (40), der er anbragt omkring mindst
en del af det fgrste element (15) for at tilvejebringe et piezoelektrisk garn (10), kendetegnet ved, at det
piezoelektriske garn (10) har auxetiske egenskaber, og ved, at det fgrste elements (15) ledende komponent
(20) er fremstillet af en elastisk ledende polymer, indbefatter ledende metalliske urenheder eller med et
materiale, der er udvalgt fra blandinger af lavdensitetspolyethylen (LDPE) eller hgjdensitetspolyethylen
(HDPE) med mindst ét af carbonnanorgr (CNT), grafit, graphen-nanoplader, amorf carbon, doteret
polyanilin eller doteret polypyrrol eller blandinger deraf.

2. Komposit garnstruktur (10) ifglge krav 1, der omfatter:

- et fgrste element (15), der omfatter et koaksialt fleksibelt tokomponent-monofilament, der
indbefatter en ledende komponent (20) og en termoplastisk komponent (30) med piezoelektriske
egenskaber,

- mindst et andet element (40), der er snoet omkring det fgrste element (15), hvor det andet
element (40) har en lavere elasticitet i forhold til det fgrste elements (15) elasticitet, saledes at, efter
strekning af garnstrukturen (10) i en fgrste retning, gamstrukturen (10) ekspanderes i en anden retning,
hvorved garnets dimensioner gges i bade den fgrste og anden retning for at generere en supplerende kraft pa
det fgrste elements piezoelektriske komponent.

3. Komposit garnstruktur (10) ifglge krav 2, hvor det andet element (40) er et ledende element eller
omfatter et ledende element.

4. Komposit garnstruktur ifglge krav 3, hvor efter strakning af garnstrukturen (10) i den fgrste
retning det andet element (40) former det fgrste element (15) pa en sadan made, at der tilvejebringes en
auxetisk virkning.

5. Komposit garnstruktur ifglge krav 4, hvor det andet element former det fgrste element (15) i en
spiral omkring det andet element.

6. Komposit garnstruktur (10) ifglge krav 1, hvor det elastiske ledende materiale af det fgrste
elements (15) ledende komponent er en intrinsisk ledende polymer.

7. Komposit garnstruktur (10) ifglge et hvilket som helst foregaende krav, hvor den termoplastiske
komponent (30) omfatter et materiale, der er udvalgt fra polyvinylidenfluorid- (PVDF) homopolymer og
copolymerer heraf med trifluorethylen- P(VDF-co-TrFE) eller tetrafluorethylen P(VDF-co-TFE) eller ulige
nummererede polyamider (PA).

8. Komposit garnstruktur (10) ifglge et hvilket som helst foregaende krav, hvor den termoplastiske
komponent (30) har auxetiske egenskaber.

9. Komposit garnstruktur (10) ifglge et hvilket som helst foregaende krav, hvor det andet element
(40) omfatter en flerhed af filamenter, hvor mindst ét filament er et ledende filament, fortrinsvis et metallisk

filament.
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2.
10. Komposit garnstruktur (10) ifglge et hvilket som helst foregaende krav, hvor det fgrste elements
(15) komponenter er coekstruderede.
11. Artikel, der omfatter mindst én komposit garnstruktur (10) ifglge et hvilket som helst foregaende
krav.
12. Artikel ifglge krav 11, hvor mindst to garner ifglge et hvilket som helst af krav 1 til 10 er anbragt

stgdende op til hinanden for at forspande hinanden efter at vare strakt.
13. Artikel ifglge krav 11 eller 12, hvor artiklen er udvalgt fra et stof, en bekledningsgenstand, tgj og

et reb.



DK/EP 3298634 T3

DRAWINGS




DK/EP 3298634 T3

40 10
A
] 30
:“ -~
\% | |
NV T AT T 7777 777
A 1
20

FIG.3




DK/EP 3298634 T3

F A
Volts o /—) Force
/R
______ // \\\ o
P> N —
/ \\ /
Vv \J
Time
FIG.6
A P A
Volts [—/ Force
/“{
______ % S
| I,./ \7‘
\% R
Time
FI1G.7
F" A
7\
Volts J
K \, [_/ Force
// ‘ T~
~ % \.—7”’_ N VA =
[ \ |
V" \r\ ’
L\ KJ
Time



