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Description

Technical Field

[0001] The present invention relates generally the field
of high-voltage devices and concerns new composite
materials and their use in the manufacture of high voltage
devices and more particularly of a high voltage device.
Such devices are used, e.g., in high-voltage apparatuses
like generators or transformers, or in high voltage instal-
lations like gas-insulated switchgears.

Background Art

[0002] The main requirements of insulating materials
which are used for the manufacture of the above men-
tioned devices - particularly bushings - are: (i) good elec-
trical insulation (high resistance), (ii) high dielectric
strength, (iii) good mechanical properties (i.e., tenacity
and elasticity), (iv) they should not be affected by sur-
rounding chemicals. Also, the materials should be non-
hygroscopic because the dielectric strength of any ma-
terial is extremely negatively affected by moisture.
[0003] A high-voltage outdoor bushing is a component
that is usually used to carry current at high potential from
an encapsulated active part of a high-voltage component,
like a transformer or a circuit breaker, through a grounded
barrier, like a transformer tank or a circuit breaker hous-
ing, to a high-voltage outdoor line. Such bushings are
typically used in high voltage devices, in particular in
switchgear installations or in high-voltage machines, like
generators or transformers, for voltages up to several
hundred kV.
[0004] In order to decrease and control the resulting
high electric field, bushings generally comprise a con-
ductor extended along an axis, a condenser core and an
electrically insulating polymeric weather protection hous-
ing moulded on the condenser core. The condenser core
decreases the electric field gradient and distributes the
electric field homogeneously along the length of the
bushing. Thereby, the condenser core provides a rela-
tively uniform electric field and thus facilitates the elec-
trical stress control.
[0005] The condenser core contains an electrically in-
sulating material, and depending on the type of material,
there are several kinds of condenser cores. According
to the early state of the art, the condenser core of a bush-
ing is typically wound from kraft paper or creped kraft
paper as a spacer. According to a more recent alterna-
tive, the condenser cores are impregnated either with oil
(OIP, oil impregnated paper) or with resin (RIP, resin im-
pregnated paper). RIP bushings showed the advantage
that they represent dry (oil free) bushings. The core of
an RIP bushing is wound from paper. The resin is then
introduced during a heating and vacuum process of the
core. However, the disadvantage of impregnated paper
bushings is that the process of impregnating the pre-
wound stack of paper and metal films with oil or with a

resin is a slow process.
[0006] The next generation of resin-impregnated cores
for bushings is represented by devices in which the bush-
ing has a conductor and a core surrounding the conduc-
tor, wherein the core comprises a sheet-like spacer
wound in spiral form around the conductor. The spacer
is impregnated with an electrically insulating matrix ma-
terial. By the spiral winding of the spacer, a multitude of
neighbouring layers is formed. The core further compris-
es equalization elements with electrically conductive lay-
ers, which are arranged in appropriate radial distances
to the axis. The layers have openings, through which
openings the matrix material can penetrate. Such a de-
vice is disclosed in EP-A-1 798 740.
[0007] EP 1 775 735 also discloses electrical insulation
systems for high voltage devices.
[0008] According to this state of the art, a polyester
fabric replaces the paper as a means to give mechanical
strength to the condenser core and to support the con-
ducting material which is used for electrical field grading
within the condenser core body. Due to the fact that the
fabric exhibits an open weave or open knit structure it is
possible to achieve an improved impregnation, drying
and processing, as compared with paper.
[0009] Generally, the fabric should act as a spacer,
and therefore fibers of normal thickness or relatively thick
fibers have been used, so that the desired volume of the
core is obtained without excessive winding and at a rea-
sonable cost.
[0010] However, it has been observed that the fibers
tend to delaminate from the matrix material in which they
are embedded. Accordingly, internal cavities, or free
spaces, result between the fibers and the matrix material.
[0011] However, the formation of such cavities be-
tween the matrix and the fibers may lead to partial dis-
charge and consequently to a potentially fatal failure of
the insulation. Even singular flaws in the insulation vol-
ume and inhomogeneities at inner material interfaces
may compromise the isolation capability. Therefore,
there is a desire to reduce the risk of such delaminations
reliably.

Disclosure of the Invention

[0012] Accordingly, it is an object to create an insula-
tion material - preferably an insulation material for use in
the manufacture of high voltage bushings or other high-
voltage devices - that at least reduces the above-men-
tioned disadvantages, and which particularly shows no -
or at least very small - free spaces between the fiber and
the cured matrix material. Moreover, it is an object to
provide for a method of manufacturing a high-voltage de-
vice comprising the above insulation material.
[0013] In view of the above, a composite material ac-
cording to claim 1, its use according to claim 11, a high
voltage device according to claim 12, and a method ac-
cording to claim 14 are provided. Further advantages,
features, aspects and details of the invention are evident
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from the dependent claims, the description and the draw-
ing.
[0014] According to one aspect, the above identified
problem can be solved at least to some degree by a com-
posite material for use in a high-voltage device having a
high-voltage electrical conductor, the composite material
being adapted for covering the high-voltage electrical
conductor at least partially for grading an electrical field
of the high-voltage electrical conductor, the composite
material comprising: a polymeric matrix; and at least one
fiber embedded in the polymeric matrix, the at least one
fiber having an average diameter of less than 500 nm.
[0015] According to a further aspect, the composite
material is used for the manufacture of a high voltage
device.
[0016] According to a further aspect, a high voltage
device comprises a high-voltage electrical conductor,
and the composite material described herein. The com-
posite material covers the conductor at least partially for
grading an electrical field of the high-voltage electrical
conductor.
[0017] According to a further aspect, a method of man-
ufacturing a high-voltage device comprises: providing a
high-voltage electrical conductor, winding at least one
fiber around the high-voltage electrical conductor, the fib-
ers having an average diameter of less than 500 nm, and
embedding the fibers or the fabric in a polymeric matrix.
Thereby, a composite material which includes the fibers
embedded in the polymeric matrix is obtained.
[0018] The diameter of the fibers may be from 20 nm
to 500 nm, or even from 50 nm to 500 nm. The lower limit
of the average fiber diameter may alternatively even be
as high as 80 nm or 100 nm, whereby cost is reduced.
With any of the lower limits described herein, the upper
limit for the fiber diameter may alternatively be as low as
400 nm or 300 nm, whereby the risk of delamination is
further reduced.
[0019] As used herein "high voltage device" is defined
as a device adapted for carrying a voltage of at least 1
kV AC or 1,5 kV DC through a possibly grounded inter-
face. For example, the voltage rating for a high voltage
device may be between about 17.5 kV and about 800
kV. Rated currents may be between 1 kA and 50 kA.
[0020] As used herein "fiber" shall mean a single fiber
as well as a plurality of fibers. The at least one fiber may
form a woven or non-woven fabric. According to one as-
pect of the invention, the at least one fiber forms at least
one sheet-like layer in the polymer matrix.
[0021] The fiber used in the manufacture of the com-
posite materials can be made from electrically insulating
or electric conductive organic or inorganic materials.
[0022] Suitable materials of the fiber comprise organic
polymers such as polyolefins - for example polyethylene
(PE) or polypropylene -, polyesters, polyamides, ara-
mides, polybenzimidazoles (PBI), polybenzobisoxazoles
(PBO), polyphenylene sulphides (PPS), melamine based
polymers, polyphenols, polyimides;
[0023] Alternatively, the fiber may be from inorganic

materials (e.g. alumina or glass), such as S-glass fiber,
E-glass fiber, Altex fiber (Al2O3 / SiO2), Nextel fiber
(Al2O3 / SiO2 / B2O3), quartz, carbon (graphite fibers),
basalt fibers (SiO2 / Al2O3 / CaO / MgO), alumina fibers
(Almax fiber, Al2O3) Boron fibers, Silicon carbide fiber
(SiC, SiCN, SiBCN), Beryllium fibers, or fibers from ce-
ramic materials and/or from electrically conductive ma-
terials, such as metal or graphite. Also, the fiber(s) may
be made from non-conductive materials but coated with
at least one electrically conductive or with at least one
semi-conductive layer.
[0024] Fibers from organic material, in particular from
polymers or copolymers, are preferred since the physical
properties of organic polymers can be fine tuned so that
the polymers - and the fibers which are made from these
polymers - can optimally perform for their intended use.
Properties that can be fine tuned include, without limita-
tion, particularly Tg (glass transition temperature), mo-
lecular weight (both Mn and Mw), polydispersity index
(PDI, the quotient of Mw/Mn) and degree. For example,
the polymers can be designed to show low Tgs are
"sticky" and such low-Tg- polymers have beneficial fea-
tures in that these polymers are more elastic at a given
temperature than polymers having higher Tgs.
[0025] Also, it is of great advantage to use fibers that
have a low or vanishing water uptake, in particular a water
uptake that is small compared to the water uptake of cel-
lulose fibers.
[0026] As a general aspect, the fibers are provided as
single fibers forming a woven layer (fabric) or a non-wo-
ven layer. Such single monofilament fibers reduce the
risk of delamination more reliably than a bundle of fibers.
[0027] The matrix material is a polymer-based materi-
al. These polymers can typically be represented by resins
on the basis of a silicone, epoxy polymers, hydrophobic
epoxy polymers, unsaturated polyesters, in particular po-
ly vinylesters, polyurethanes, poly phenols, polycar-
bonates, polyether imines (Ultem™), copolymers and/or
mixtures thereof. - According to a preferred aspect, the
polymers are represented by hydrophobic epoxy poly-
mers.
[0028] The at least one fiber may be coated with an
adhesion promoting agent which allows the physical or
chemical of the at least one fiber attachment to the pol-
ymer matrix. Suitable adhesion promoting agents are
represented by adhesion promoting organic polymers
such as polyvinyl alcohols, polyvinyl acetates (PVA), car-
boxymethyl cellulose, polyacrylic (PAA) or polymeth-
acrylic acids (PMA), styrene/maleic acid anhydride co-
polymers poylurethanes, cyanacrylates as well as copol-
ymers and mixtures thereof.
[0029] Such polymeric adhesion promoting agents -
particularly polyurthanes - provide for the attachment of
a great number of fibers which are made from different
fiber materials to a variety of polymer matrices. Epoxy
polymers form a heat and chemical resistant attachment
of the fibers to the matrix; moreover, epoxy polymers
form strong bonds and represent good electrical insula-
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tors. Polyvinyl acetates (PVA) lead to a connection be-
tween the fiber(s) and the matrix having thermoplastic
characteristics. Methacrylate polymers adhesion pro-
moting agents form connections between the fiber(s) and
the matrix material which exhibit a good impact resist-
ance, flexibility and shear strength. The selection of cy-
ano acrylate polymers result in short cure times, which
leads to a short manufacturing time of composite mate-
rials or of the high voltage devices.
[0030] The fibers may have a mechanically treated sur-
face, in particular a roughened surface, for improved ad-
hesion of the matrix material. The mechanically treated
surface may be brushed, etched, coated or otherwise
treated. This will further reduce the risk of delamination.
[0031] The invention described herein is most advan-
tageously applicable with polymeric fibers, but is also be
applicable with other organic or inorganic fiber materials.
It is even applicable with fibers which can - due to their
chemical characteristics - not form a covalent bond to
the matrix material - particularly to the epoxy polymer -
or which cannot be impregnated due to their physical
structure.
[0032] According to another aspect, the matrix material
may comprise filler particles. Preferably, the matrix com-
prises a polymer containing filler particles. The polymer
can for example be represented by an epoxy resin, a
polyester resin, a polyurethane resin, or another electri-
cally insulating polymer as outlined above. Preferably,
the filler particles are electrically insulating or semicon-
ducting. Suitable filler particles can, e.g., be represented
by particles selected from inorganic compounds, such
as SiO2, Al2O3, BN, AlN, BeO, TiB2, TiO2, SiC, Si3N4,
B4C or the like, or mixtures thereof. It is also possible to
use a mixture of various such particles in the polymer.
Preferably, the physical state of the particles is solid.
[0033] Compared to a core with un-filled resin as matrix
material, there will be less resin in the core, if a matrix
material with a filler is used. Accordingly, the time needed
to cure a curable monomer or oligomer mixture can be
considerably reduced, which reduces the time which is
needed to manufacture a high voltage device.
[0034] Moreover, it is advantageous if the coefficient
of thermal expansion of the filler particles is smaller than
the coefficient of thermal expansion of the polymer. If the
filler material is chosen accordingly, the thermo-mechan-
ical properties of the high voltage devices are consider-
ably enhanced. A lower coefficient of thermal expansion
of the core due to the use of a matrix material together
with a filler will lead to a reduced total chemical shrinkage
during curing. This enables the production of (near) end-
shape devices - or particularly bushings (machining free)
- and, therefore, considerably reduces the production
time of the high voltage device such as a bushing.
[0035] According to a further aspect, the composite
material further comprises electrically conductive or sem-
iconductive sheet-like layers dispersed in the matrix as
electrical field equialization layers.
[0036] According to an aspect alternative to some of

the above aspects, the fibers of the composite material
described above may be replaced by fibers having a av-
erage diameter of more than 500 nm, if the fibers are
coated with the above described adhesion promoting
agent. Then, the risk of delaminations is reduced solely
by the adhesion promoting agent and not by the geometry
of the fibers. However, a fiber with less than 500 nm in
diameter is preferred. If such a small-radius fiber is com-
bined with the above described adhesion promoting
agent, the fiber geometry and the adhesion promoting
agent have a synergy effect for reducing the risk of dela-
mination most efficiently.
[0037] According to an aspect, the high voltage device
described herein is one of the following: a transformer
winding of a high-voltage transformer; a current trans-
former for high voltage application; a high-voltage
through-conductor, wherein the composite material is a
bushing surrounding the high-voltage through-conduc-
tor; a high-voltage cable end termination, wherein the
composite material is a cable end insulator surrounding
the cable end.
[0038] Each of the aspects and embodiment described
herein can be combined with other aspects and embod-
iments, whereby additional aspects and embodiments
are obtained. It is intended that all these aspects and
embodiments are part of the disclosure herein.
[0039] In the following, the exemplary use of the com-
posite materials of the present invention is explained us-
ing a bushing as example. However, it will be understood,
that the composite materials can be used in a great va-
riety of applications inside as well as outside of the field
of high voltage engineering.

Description of the Drawing

[0040] Fig. 1 shows one embodiment of the high-volt-
age outdoor bushing according to the invention with an
axial partial section through the bushing on the right. The
described embodiment is meant as example and shall
not confine the invention.
[0041] The bushing which is shown in Fig. 1 is sub-
stantially rotationally symmetric with respect to a sym-
metry axis 1. In the center of the bushing is arranged a
columnar supporting body 2, which is executed as solid
metallic rod or a metallic tube. The metallic rod (support-
ing body 2) is an electric conductor which connects an
active part of an encapsulated device, for instance a
transformer or a switch, with an outdoor component, for
instance a power line.
[0042] In an alternative embodiment, the supporting
body 2 may be a tube in which the electrical conductor,
such as an end of a cable, is received. In this case, the
conductor may be guided from below into the supporting
body 2 (tube). Generally, the supporting body 2 can be
a rod or a tube or a wire. In the following, the supporting
body 2 is described as a conductor.
[0043] The axis 1 does not need to be a full symmetry
axis. The axis 1 is generally defined through the shape
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of the supporting body 2.
[0044] The supporting body 2 is partially surrounded
by a core 3, which is substantially rotationally symmetric
with respect to the axis 1. The core 3 covers the support-
ing body 2 between an upper axial end 8 and a lower
axial end.
[0045] The core 3 is made of the composite material
according to an aspect of the present invention. The core
3 comprises an insulating layer 4 of one or more fibers,
which is/are wound around the conductor 2. The insulat-
ing layer 4 is embedded in and impregnated with a matrix
material.
[0046] The fiber 4 may be any fiber disclosed herein,
having an average diameter of less than 500 nm. For
example, a fiber on the basis of polyester may be used.
The fiber 4 forms one or more woven or non-woven lay-
ers, or sheet-like spacers, which are wound in spiral form
around the axis 1. Thus a multitude of neighbouring lay-
ers is formed.
[0047] The fiber 4 is impregnated with an electrically
insulating matrix material. The matrix may be any poly-
meric matrix disclosed herein. The matrix material may,
for example, be a cured polymer-based resin and option-
ally filled with an inorganic filler powder. For example,
the matrix may be an epoxy resin or polyurethane filled
with particles of Al2O3. Also, in an example, the filler pow-
der comprises approximately 45% by volume of the ma-
trix material before curing. In yet another example, the
matrix comprises an epoxy resin which was cured with
an anhydride and as filler powder fused silica. The sizes
of the fused silica particles can be up to 64 mm and com-
prise three fractions with different average particle sizes,
such as sizes of 2, 12 and 40 mm respectively.
[0048] The thermal conductivity of the core in the case
of pure (not particle-filled) resin is typically about 0.15
W/mK to 0.25 W/mK. When a particle-filled resin is used,
values of at least 0.6 W/mK to 0.9 W/mK or even above
1.2 W/mK or 1.3 W/mK for the thermal conductivity of the
bushing core can readily be achieved. The coefficient of
thermal expansion can be much smaller when a particle-
filled matrix material is used. This results in less thermo-
mechanical stress in the bushing core.
[0049] Electrically conductive grading insertions, or
equalization elements, 5 are arranged between adjacent
windings of the tape 4. The grading insertions 5 serve as
floating capacitances which homogenize and control the
electric field, thereby decreasing the electric field gradi-
ent. Generally, the conductive grading insertions 5 are
provided as layers which are separate from the fiber lay-
ers (the layer defined by the fiber 4). The grading inser-
tions 5 may be formed as respective layers made from
fibers coated with an electrically conductive coating. Al-
ternatively or additionally, the grading insertions 5 can
be formed as conductive films. The grading insertions 5
(e.g. conductive films) can be continuous or be provided
as a plurality of separate parts (e.g. films), which are not
connected to each other but which are positioned at a
common diameter.

[0050] The conductive grading insertions 5 and the fib-
er 4 may form alternating layers, both being wound spiral-
like around the conductor 2. Generally, there can be be-
tween two and fifteen fiber layers between neighbouring
grading insertion layers. However, it is also possible to
have only one, or more than fifteen, fiber layer between
neighbouring grading insertion layers.
[0051] At a radial end of the bushing, a foot flange 6 is
provided, which allows to fix the bushing to a grounded
enclosure of the encapsulated device. Under operation
conditions the conductor 2 is on high potential, and the
condenser core 3 ensures the electrical insulation be-
tween the conductor 2 on the one hand and the outside
including the flange 6 on the other hand.
[0052] Further, an electrically insulating weather pro-
tection housing 7 surrounds the core 3 on the outside.
The weather protection housing 7 is manufactured from
a polymer on the basis of a silicone or a hydrophobic
epoxy resin. The housing 7 comprises sheds and is
moulded on the condenser core 3 such that it extends
from the top of the foot flange 6 along the adjoining outer
surface of the condenser core 3 to the upper end 8 of the
conductor 2. The housing protects the condenser core 3
from ageing caused by radiation (UV) and by weather
and maintains good electrical insulating properties during
the entire life of the bushing. The shape of the sheds is
designed such, that it has a self-cleaning surface when
it is exposed to rain. This avoids dust or pollution accu-
mulation on the surface of the sheds, which could affect
the insulating properties and lead to electrical flashover.
[0053] An adhesive layer which is deposited on cov-
ered surfaces of the parts 2, 3 and 6 improves adhesion
of the various components to each other and to the hous-
ing 7.
[0054] In case that there is an intermediate space be-
tween the core 3 and the housing 7, an insulating medi-
um, e.g. an insulating liquid like silicone gel or poly-
urethane gel, can be provided to fill that intermediate
space, or any other space within the bushing.
[0055] Next, the manufacturing of the bushing of Fig.
1 is described. First, the supporting body (electrical con-
ductor) 2 is provided and mounted on a winding spool or
the like. Then, one or more fibers are wound around the
supporting body 2 by rotating the supporting body 2 on
the winding spool. The fiber 4 may be any fiber disclosed
herein, having an average diameter of less than 500 nm.
The fiber 4 may be provided as a woven or non-woven
tape-like layer with a width direction extending along the
axis 1. The layer may be provided as one or more strips
or pieces (axially adjacent to one another and / or on top
of one another so that several layers are produced by
winding the supporting body 2 about the axis once).
[0056] The grading insertions 5 can be wound between
two layers of fiber 4. To this purpose, the grading inser-
tions 5 are inserted into the core after certain numbers
of windings, so that the grading insertions are arranged
in a well-defined, prescribable radial distance to the sup-
porting body 2. Then, the winding process is continued
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so that the grading insertion 5 in the fabricated bushing
lies between two layers of fiber layer 4. Another possibility
is to fix the grading insertion 5 to one or more stacked
layer(s) of fiber before or during winding.
[0057] Instead of winding the fiber 4 on the supporting
body 2, it is also possible to wind the fiber 4 on a mandrel,
which is removed after finishing the production process.
Later the supporting body 2 may be inserted into the hole
in the core 3 which is left at the place at which the mandrel
was positioned. In that case, the supporting body 2 may
be surrounded by some insulating material like an insu-
lating liquid in order to avoid air gaps between the sup-
porting body 2 and the core.
[0058] Next, the wound core of the fiber(s) 4 is im-
mersed in the polymeric matrix material. This can be done
by applying a vacuum and applying the matrix material
to the evacuated fiber (i.e. to the not-yet-finished core)
until the fiber is fully impregnated. The impregnation un-
der vacuum takes place at temperatures of typically be-
tween 25 °C and 130 °C.
[0059] Then, the polymeric matrix material is cured or
otherwise hardened, in the case of an epoxy at a tem-
perature of e.g. between 60 °C and 150 °C. Possibly, the
matrix material is then also post-cured in order to reach
the desired thermo-mechanical properties. Then the core
is cooled down, eventually machined, and the flange 6,
the insulating envelope 7 and other parts are applied. As
a result, a composite material is obtained which includes
the fibers embedded in the polymeric matrix material.
[0060] The above description mainly relates to a bush-
ing having the composite material according to aspects
of the invention. Instead of a bushing, the above descrip-
tion is equally applicable also to other high-voltage de-
vices, some of which have been mentioned herein. These
other high-voltage devices can be manufactured in an
analogous manner as the bushing described above.
[0061] An advantage of the composite material de-
scribed herein is that the risk of a delamination between
the fiber and the matrix material is reduced considerably.
[0062] The delamination is believed to be mainly a con-
sequence of the different thermal expansion coefficient
of the fibers and polymeric matrix, and of the strong tem-
perature variations during the fabrication of the condens-
er core, as described above. Namely, the geometry of
the enclosed fibers in the matrix material is frozen at a
high temperature (e.g. the hotspot temperature in the
case of an epoxy resin, or more generally at the reaction
temperature of the polymerization process at which the
matrix is cured or hardened). Thereafter, the condenser
core cools down to room temperature. During this cool-
ing, the fibers and the matrix material undergo a mutually
different change in volume and consequently delaminate
from each other.
[0063] As it turns out, this problem of delamination is
significantly reduced when the fibers have a very small
diameter of less than 500 nm. This is a unusual diameter
for a fiber which should, after all, serve as a spacer. How-
ever, this small diameter reduces the length scale on

which the different thermal expansion between fiber and
matrix material is relevant; and thereby reduces the ten-
sions between fiber and matrix material due to this ther-
mal expansion. As a consequence, even the relatively
weak bonding between the fibers and the matrix material
is sufficient for avoiding delamination.
[0064] In addition, the bonding can be improved by
having the fiber coated with an adhesion promoting
agent, such as a primer. In particular, the adhesion pro-
moting agent may cause a covalent binding between the
fiber and the matrix. In this manner, the adhesion pro-
moting agent further improves the physical or chemical
attachment of the fiber to the polymer matrix.

Claims

1. Composite material for use in a high-voltage device
having a high-voltage electrical conductor, the com-
posite material being adapted for covering the high-
voltage electrical conductor at least partially for grad-
ing an electrical field of the high-voltage electrical
conductor, the composite material comprising:

- a polymeric matrix; and
- at least one fiber embedded in the polymeric
matrix, the at least one fiber having an average
diameter of less than 500 nm.

2. The composite material according to claim 1, where-
in the fiber has a diameter from 20 nm to 500 nm,
and preferably from 50 to 500 nm.

3. The composite material according to any one of the
preceding claims, wherein the at least one fiber is at
least one of the following: a plurality of fibers, and a
woven or non-woven fabric of the at least one fiber.

4. The composite material according to any one of the
preceding claims, wherein the polymeric matrix com-
prises a resin which comprises an organic or inor-
ganic polymer, such as a silicone, an epoxy polymer,
a polyester, a polyurethane, a polyphenole, copoly-
mers thereof; particularly a hydrophobic epoxy pol-
ymer, an unsaturated polyester, a polyvinylester, a
polyurethane or a polyphenol, polycarbonates, pol-
yether imines (Ultem™), copolymers and/or mixtures
thereof and preferably a hydrophobic epoxy poly-
mer.

5. The composite material according to any one of the
preceding claims, wherein the fiber is made from an
electrically insulating organic or inorganic polymer
comprising polyethylene (PE), polyester, polyamide,
aramide, polybenzimidazole (PBI), polybenzobisox-
azole (PBO),polyphenylene sulphide (PPS), mela-
mine based polymers, polyphenols, polyimides, S-
glass fiber, E-glass fiber, Altex fiber (Al2O3 / SiO2),
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Nextel fiber (Al2O3 / SiO2 / B2O3), quartz, carbon
(graphite fibers), basalt fiber (SiO2 / Al2O3 / CaO /
MgO), alumina (Almax fiber, (Al2O3) Boron fiber, Sil-
icon carbide fiber (SiC, SiCN, SiBCN), Beryllium fib-
er, or ceramic materials and/or from an electrically
conductive materials, preferably metal fibers or elec-
trically conductive fibers, preferably (graphite fibers)
or fibers which are made from non-conductive ma-
terials which are coated with at least one electrically
conductive or semi-conductive layers.

6. The composite material according to any one of the
preceding claims, wherein the at least one fiber is
coated with an adhesion promoting agent which al-
lows the physical or chemical attachment to the pol-
ymer matrix.

7. The composite material according to claim 6, where-
in the adhesion promoting agent is an organic poly-
mer, preferably selected from the group comprising
polyurethanes, epoxyy polymers, polyvinylalcohols,
polyvinylacetates, carboxymethyl celluloses, poly-
acrylic or polymethacrylic acids, styrene/maleic acid
anhydride copolymers.

8. The composite material according to any one of the
preceding claims, further comprising filler particles
dispersed in the polymeric matrix.

9. The composite material according to any one of the
preceding claims, the at least one fiber forming at
least one sheet-like layer in the polymer matrix.

10. The composite material according to any one of the
preceding claims, further comprising electrically con-
ductive or semiconductive sheet-like layers dis-
persed in the matrix as electrical field equialization
layers.

11. Use of the composite material according to any one
of the preceding claims for the manufacture of a high
voltage device.

12. High voltage device comprising
a high-voltage electrical conductor, and
the composite material according to any one of the
preceding claims 1 to 10, wherein
the composite material covers the conductor at least
partially for grading an electrical field of the high-
voltage electrical conductor.

13. High voltage device according to claim 12, wherein
the high-voltage electrical conductor is one of the
following:

- a transformer winding of a high-voltage trans-
former;
- a current transformer for high voltage applica-

tion;
- a high-voltage through-conductor, wherein the
composite material is a bushing surrounding the
high-voltage through-conductor;
- a high-voltage cable end termination, wherein
the composite material is a cable end insulator
surrounding the cable end.

14. Method of manufacturing a high-voltage device, the
method comprising:

- providing a high-voltage electrical conductor,
- winding at least one fiber around the high-volt-
age electrical conductor, the fibers having a nav-
erage diameter of less than 500 nm,
- embedding the fibers or the fabric in a poly-
meric matrix, thereby obtaining a composite ma-
terial which includes the fibers embedded in the
polymeric matrix.

15. The method according to claim 14, further compris-
ing hardening the polymeric matrix.

Patentansprüche

1. Verbundmaterial für die Verwendung in einer Hoch-
spannungsvorrichtung mit einem elektrischen Hoch-
spannungsleiter, wobei das Verbundmaterial dafür
ausgelegt ist, den elektrischen Hochspannungslei-
ter wenigstens teilweise zu bedecken, um ein elek-
trisches Feld des elektrischen Hochspannungslei-
ters zu glätten, wobei das Verbundmaterial umfasst:

- eine Polymermatrix; und
- wenigstens eine in der Polymermatrix einge-
bettete Faser, wobei die wenigstens eine Faser
einen mittleren Durchmesser von weniger als
500 nm aufweist.

2. Verbundmaterial gemäß Anspruch 1, wobei die Fa-
ser einen Durchmesser von 20 nm bis 500 nm auf-
weist, vorzugsweise von 50 bis 500 nm.

3. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, wobei die wenigstens eine Faser we-
nigstens eines von Folgendem ist: eine Vielzahl von
Fasern und ein gewebtes oder nichtgewebtes Ge-
webe aus der wenigstens einen Faser.

4. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, wobei die Polymermatrix ein Harz um-
fasst, das ein organisches oder anorganisches Po-
lymer, wie z. B. ein Silicon, ein Epoxypolymer, ein
Polyester, ein Polyurethan, ein Polyphenol, Copoly-
mere davon, insbesondere ein hydrophobes Epoxy-
polymer, ein nichtgesättigter Polyester, ein Polyvi-
nylester, ein Polyurethan oder ein Polyphenol, Po-
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lycarbonate, Polyetherimine (Ultem™), Copolymere
und/oder Gemische davon, vorzugsweise ein hydro-
phobes Epoxypolymer, umfasst.

5. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, wobei die Faser aus einem elektrisch
isolierenden organischen oder anorganischen Poly-
mer, umfassend Polyethylen (PE), Polyester, Poly-
amid, Aramid, Polybenzimidazol (PBI), Polybenzo-
bisoxazol (PBO), Polyphenylensulfid (PPS), mela-
minbasierte Polymere, Polyphenole, Polyimide, S-
Glas-Faser, E-Glas-Faser, Altex-Faser
(Al2O3/SiO2), Nextel-Faser (Al2O3/SiO2/B2O3),
Quarz, Kohlenstoff (Graphitfaser), Basaltfaser
(SiO2/Al2O3/CaO/MgO), Aluminiumoxid (Almax-Fa-
ser, (Al2O3), Borfaser, Siliciumcarbidfaser (SiC,
SiCN, SiBCN), Berylliumfaser, oder Keramikmateri-
alien und/oder aus einem elektrisch leifähigen Ma-
terial, vorzugsweise Metallfasern oder elektrisch leit-
fähige Fasern, vorzugsweise (Graphitfasern) oder
Fasern aus nichtleitenden Materialien, die mit we-
nigstens einer elektrisch leitfähigen oder halbleiten-
den Schicht beschichtet sind, besteht.

6. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, wobei die wenigstens eine Faser mit ei-
nem haftfördernden Mittel beschichtet ist, das die
physikalische oder chemische Befestigung an die
Polymermatrix ermöglicht.

7. Verbundmaterial gemäß Anspruch 6, wobei das
haftfördernde Mittel ein organisches Polymer ist,
vorzugsweise ausgewählt aus der Gruppe umfas-
send Polyurethane, Epoxypolymere, Polyvinylalko-
hole, Polyvinylacetate, Carboxymethylcellulosen,
Polyacryl- oder Polymethacrylsäuren, Styrol/Male-
insäureanhydrid-Copolymere.

8. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, ferner umfassend in der Polymermatrix
dispergierte Füllstoffpartikel.

9. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, wobei die wenigstens eine Faser we-
nigstens eine blattartige Schicht in der Polymerma-
trix bildet.

10. Verbundmaterial gemäß einem der vorstehenden
Ansprüche, ferner umfassend elektrisch leitfähige
oder halbleitende, blattartige Schichten, die in der
Matrix dispergiert sind, als elektrisches-Feld-Aus-
gleichsschichten.

11. Verwendung des Verbundmaterials gemäß einem
der vorstehenden Ansprüche für die Herstellung ei-
ner Hochspannungsvorrichtung.

12. Hochspannungsvorrichtung, umfassend

einen elektrischen Hochspannungsleiter und
das Verbundmaterial gemäß einem der vorstehen-
den Ansprüche 1 bis 10, wobei
das Verbundmaterial den Leiter wenigstens teilwei-
se bedeckt, um ein elektrisches Feld des elektri-
schen Hochspannungsleiters zu glätten.

13. Hochspannungsvorrichtung gemäß Anspruch 12,
wobei der elektrische Hochspannungsleiter eines
von Folgendem ist:

- eine Transformatorwicklung eines Hochspan-
nungstransformators;
- ein Stromtransformator für die Hochspan-
nungsanwendung;
- eine Hochspannungs-Durchleitung, wobei das
Verbundmaterial eine die Hochspannungs-
Durchleitung umgebende Durchführung ist;
- ein Hochspannungskabel-Endabschluss, wo-
bei das Verbundmaterial ein das Kabelende um-
gebender Kabelendisolator ist.

14. Verfahren zum Herstellen einer Hochspannungsvor-
richtung, wobei das Verfahren umfasst:

- Bereitstellen eines elektrischen Hochspan-
nungsleiters,
- Wickeln wenigstens einer Faser um den elek-
trischen Hochspannungsleiter, wobei die Fa-
sern einen mittleren Durchmesser von weniger
als 500 nm aufweisen,
- Einbetten der Fasern oder des Gewebes in ei-
ne Polymermatrix, um so ein Verbundmaterial
zu erhalten, das die in der Polymermatrix ein-
gebetteten Fasern enthält.

15. Verfahren gemäß Anspruch 14, ferner umfassend
Härten der Polymermatrix.

Revendications

1. Matériau composite pour utilisation dans un dispo-
sitif haute tension comportant un conducteur électri-
que haute tension, le matériau composite étant
adapté pour recouvrir au moins partiellement le con-
ducteur électrique haute tension afin de répartir le
champ électrique du conducteur électrique haute
tension, le matériau composite comprenant :

- une matrice polymère ; et
- au moins une fibre incorporée dans la matrice
polymère, l’au moins une fibre ayant un diamètre
moyen inférieur à 500 nm.

2. Matériau composite selon la revendication 1, dans
lequel la fibre a un diamètre de 20 nm à 500 nm, et
de préférence de 50 à 500 nm.
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3. Matériau composite selon l’une quelconque des re-
vendications précédentes, dans lequel l’au moins
une fibre est l’un au moins des éléments suivants :
une pluralité de fibres, et un tissu ou non-tissé de
l’au moins une fibre.

4. Matériau composite selon l’une quelconque des re-
vendications précédentes, dans lequel la matrice po-
lymère comprend une résine qui comprend un poly-
mère organique ou inorganique, tel qu’un silicone,
un polymère époxyde, un polyester, un polyurétha-
ne, un polyphénol, leurs copolymères ; en particulier
un polymère époxyde hydrophobe, un polyester in-
saturé, un polyester vinylique, un polyuréthane ou
un polyphénol, des polycarbonates, des polyétheri-
mines (Ultem™), des copolymères et/ou des mélan-
ges de ceux-ci, et de préférence un polymère époxy-
de hydrophobe.

5. Matériau composite selon l’une quelconque des re-
vendications précédentes, dans lequel la fibre est
constituée d’un polymère organique ou inorganique
électriquement isolant comprenant le polyéthylène
(PE), le polyester, le polyamide, l’aramide, le poly-
benzimidazole (PBI), le polybenzobisoxazole
(PBO), le polysulfure de phénylène (PPS), les poly-
mères à base de mélamine, les polyphénols, les po-
lyimides, la fibre de verre S, la fibre de verre E, la
fibre Altex (Al2O3 / SiO2), la fibre Nextel (Al2O3 / SiO2
/ B2O3), le quartz, le carbone (fibres de graphite), la
fibre de basalte (SiO2 / Al2O3 / CaO / MgO), l’alumine
(fibre Almax (Al2O3)), la fibre de bore, la fibre de
carbure de silicium (SiC, SiCN, SiBCN), la fibre de
béryllium, ou de matériaux céramiques et/ou de ma-
tériaux électriquement conducteurs, de préférence
des fibres métalliques ou des fibres électriquement
conductrices, de préférence des fibres de graphite
ou des fibres qui sont constituées de matériaux non
conducteurs qui sont recouverts d’au moins une cou-
che électriquement conductrice ou semiconductrice.

6. Matériau composite selon l’une quelconque des re-
vendications précédentes, dans lequel l’au moins
une fibre est recouverte d’un promoteur d’adhérence
qui permet la fixation physique ou chimique à la ma-
trice polymère.

7. Matériau composite selon la revendication 6, dans
lequel le promoteur d’adhérence est un polymère
organique, de préférence choisi dans le groupe com-
prenant les polyuréthanes, les polymères époxydes,
les alcools polyvinyliques, les polyacétates de viny-
le, les carboxy-méthylcelluloses, les acides polya-
cryliques ou poly-méthacryliques, et les copolymè-
res styrène/anhydride d’acide maléique.

8. Matériau composite selon l’une quelconque des re-
vendications précédentes, comprenant en outre des

particules de charge dispersées dans la matrice po-
lymère.

9. Matériau composite selon l’une quelconque des re-
vendications précédentes, l’au moins une fibre for-
mant au moins une couche en forme de feuille dans
la matrice polymère.

10. Matériau composite selon l’une quelconque des re-
vendications précédentes, comprenant en outre des
couches en forme de feuille électriquement conduc-
trices ou semi-conductrices dispersées dans la ma-
trice en tant que couches d’égalisation du champ
électrique.

11. Utilisation du matériau composite selon l’une quel-
conque des revendications précédentes pour la fa-
brication d’un dispositif haute tension.

12. Dispositif haute tension comprenant
un conducteur électrique haute tension, et
le matériau composite selon l’une quelconque des
revendications 1 à 10 précédentes, dans lequel
le matériau composite recouvre au moins partielle-
ment le conducteur pour répartir le champ électrique
du conducteur électrique haute tension.

13. Dispositif haute tension selon la revendication 12,
dans lequel le conducteur électrique haute tension
est l’un des éléments suivants :

- un enroulement de transformateur d’un trans-
formateur haute tension ;
- un transformateur de courant pour une appli-
cation haute tension ;
- un conducteur traversant haute tension dans
lequel le matériau composite est une traversée
entourant le conducteur traversant haute
tension ;
- une terminaison d’extrémité de câble haute
tension dans laquelle le matériau composite est
un isolant d’extrémité de câble entourant l’ex-
trémité de câble.

14. Procédé de fabrication d’un dispositif haute tension,
le procédé comprenant :

- l’obtention d’un conducteur électrique haute
tension,
- l’enroulement d’au moins une fibre autour du
conducteur électrique haute tension, les fibres
ayant un diamètre moyen inférieur à 500 nm,
- l’incorporation des fibres ou du tissu dans une
matrice polymère pour obtenir ainsi un matériau
composite qui comprend les fibres incorporées
dans la matrice polymère.

15. Procédé selon la revendication 14, comprenant en
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outre le durcissement de la matrice polymère.

17 18 



EP 2 629 305 B1

11



EP 2 629 305 B1

12

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 1798740 A [0006] • EP 1775735 A [0007]


	bibliography
	description
	claims
	drawings

