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ABSTRACT

An electric cable has at least one elongated electric conductor
and a multilayer insulation surrounding the electric conduc-
tor. The multilayer insulation comprising a first semiconduct-
ing layer and an electrically insulating layer, the two layers
being made from a silicone rubber based composition, where
the first semiconducting layer and the electrically insulating
layer are co-extruded layers.
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SILICONE MULTILAYER INSULATION FOR
ELECTRIC CABLE

RELATED APPLICATION

[0001] This application claims the benefit of priority from
European Patent Application No. 12 306 158.2, filed on Sep.
25, 2012, the entirety of which is incorporated by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to an electric cable

including a multilayer insulation made from silicone rubber,
as well as a manufacturing process of said electric cable.
[0004] More particularly, it applies typically, but not exclu-
sively, to the fields of power cables, such as medium voltage
(especially from 5 kV to 45-60 kV) or high voltage (espe-
cially greater than 60 kV, which may be up to 800 kV) power
cables, whether they are direct voltage (DC) or alternative
voltage (AC) cables.

[0005] 2. Description of Related Art

[0006] Medium voltage or high voltage power cables typi-
cally comprise a central electric conductor and, successively
and coaxially around this electric conductor, a semiconduct-
ing inner layer, an electrically insulating (intermediate) layer
and a semiconducting outer layer. These three layers can be
crosslinked via techniques that are well known to those
skilled in the art.

[0007] GB 870 583 describes a 3-layer insulation for an
electric cable, comprising a semiconducting inner layer, an
electrically insulating (intermediate) layer and a semicon-
ducting outer layer. Said three layers are made from vinyl-
containing silicone gum, and are extruded successively
around an electric conductor to form said 3-layer insulation.
[0008] However, this process is not optimized to reduce
significantly partial discharges between the electrical insulat-
ing layer and the semiconducting layers, when a voltage level
of at least 5 kV is applied to the electric cable.

OBIJECT AND SUMMARY

[0009] The aim of the present invention is to overcome the
drawbacks of the prior art by proposing an electric cable
comprising:

[0010] at least one elongated electric conductor, and
[0011] a multilayer insulation surrounding said electric
conductor, said multilayer insulation comprising a first semi-
conducting layer and an electrically insulating layer, said two
layers being made from a silicone rubber based composition,
characterized in that the first semiconducting layer and the
electrically insulating layer are co-extruded layers, and more
particularly are obtained by a co-extrusion process,

[0012] The coextruded multilayer insulation allows advan-
tageously to remove the presence of gas and/or the presence
of space between the extruded layers of the insulation.
[0013] Hence, the multilayer insulation of the present
invention allows advantageously to decrease partial dis-
charges in the electric cable, while guaranteeing good flex-
ibility properties.

[0014] Theterm “co-extruded layers” means that the extru-
sion of the layers of the multilayer insulation may occur
simultaneously, more particularly in using the same extrusion
head (i.e. only one extruder head).
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[0015] Inapreferred embodiment, the first semiconducting
layer can surround the elongated electric conductor, and said
electrically insulating layer can surround the first semicon-
ducting layer.

[0016] In another preferred embodiment, the multilayer
insulation can comprise a second semiconducting layer made
from a silicone rubber based composition, to form a 3-layer
insulation, so that the first semiconducting layer, the electri-
cally insulating layer and the second semiconducting layer
are co-extruded layers. More particularly, the first semicon-
ducting layer can be surrounded by the electrically insulating
layer, and the electrically insulating layer can be surrounded
by the second semiconducting layer.

[0017] The silicone rubber (i.e. silicone gum) used in the
present invention is an elastomer (rubber-like material) com-
posed of silicone polymer containing silicon together with
carbon, hydrogen, and oxygen. The silicone rubber is usually
named as polysiloxane, and more particularly a polyorganosi-
loxane.

[0018] More particularly, the backbone of the silicone rub-
ber comprises Si—O—Si units.

[0019] The silicone rubber based composition may com-
prise more than 50.0 parts by weight of silicone rubber per
100 parts by weight of polymer(s) (i.e. polymer matrix) in the
composition, preferably at least 70 parts by weight of silicone
rubber per 100 parts by weight of polymer(s) in said compo-
sition, and particularly preferably at least 90 parts by weight
of silicone rubber per 100 parts by weight of polymer(s) in
said composition.

[0020] In a particularly advantageous manner, the silicone
rubber based composition comprises a polymer matrix that is
composed solely of a silicone rubber or a mixture of silicone
rubbers. One thus talks about silicone rubber matrix as such.
[0021] The composition used to obtain the first and/or the
second semiconducting layers of the present invention, also
comprise at least one (electrically) conductive filler, in an
amount that is sufficient to make semiconducting the silicone
rubber based composition.

[0022] In addition, the amount of conductive filler in the
silicon rubber based composition should preferably allow the
composition to be extruded.

[0023] It is more particularly considered that a layer is
semiconducting when its specific electric conductivity is at
most of 1.10° Qm (ohm centimeter).

[0024] The silicone rubber based composition used to
obtain a semiconducting layer may comprise at most 60% by
weight of (electrically) conductive filler, preferably at most
50% by weight of conductive filler, preferably at most 40% by
weight of conductive filler.

[0025] In another embodiment, the silicone rubber based
composition used to obtain a semiconducting layer may com-
prise at least 0.1% by weight of (electrically) conductive
filler, preferably at least 10% by weight of conductive filler,
and even more preferentially at least 20% by weight of con-
ductive filler.

[0026] The conductive filler may be advantageously chosen
from carbon blacks, conductive carbon, and metal particles,
or one of their mixtures.

[0027] The conductive carbon blacks can be selected from
any of the carbon blacks listed in ASTM D-1765-76, furnace
black, acetylene black, thermal black, lamb black and Ketjen
black, or one of their mixtures.

[0028] The conductive carbon, as distinguished from con-
ductive carbon black, includes at least one of carbon fiber,
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carbon nanotubes, fullerene, grapheme, graphites and
expanded graphite platelets. The average particle size of such
conductive carbon can typically be of nano-scale proportions.

[0029] The preferred carbon fibers used in the invention are
carbon rovings, which are more particularly bundles of car-
bon fibers. The use of carbon rovings allow advantageously to
decrease in a more significant manner partial discharges in the
electric cable.

[0030] In a particular embodiment, the carbon rovings can
include a first type of carbon rovings with a first length, and/or
a second type of carbon rovings with a second length, the first
length being more particularly different from the second
length.

[0031] In a preferred embodiment, the carbon rovings
includes said first type of carbon rovings with a first length,
and said second type of carbon rovings with a second length.
The second length can be at least ten times superior to the first
length.

[0032] The carbon rovings can be cut to obtain the desired
length.
[0033] The first length of the first type of carbon rovings

can go from 50 to 300 um, and more preferably can be around
220 pm.

[0034] The second length of the second type of carbon
rovings can go from 1 to 10 mm, and more preferably can go
from 3 to 6 mm.

[0035] The composition can comprises at least 2% by
weight of the first type of carbon rovings and/or at least 10%
by weight of the second type of carbon rovings.

[0036] The conductive filler of the present invention can
only be carbon ravings, or a mixture of carbon ravings with
other type(s) of conductive filler(s).

[0037] The conductive metal particles include granules,
powder, fibers, platelets, and the like. These metal particles
typically have an average particle size of 0.1 to 100, more
typically 0.3 to 30, microns as measured by X-ray line broad-
ening. The metal particles may have any particle shape
desired although, as is known, the shape selection may
depend upon the intended end use of the metal-filled product.
Spherical shapes, platelets, prismatic shapes, whiskers, and
the like, can be used.

[0038] Metals that can be used as a conductive filler
include, alone or in admixture with one or more other such
metals, or as finely powdered alloys, aluminum, indium, tin,
lead, bismuth, as well as Groups I1I-B through VII-B elements
of the Periodic System including such as zinc, cadmium,
scandium, titanium, zirconium, vanadium, chromium,
molybdenum, tungsten, manganese, rhenium, iron, ruthe-
nium, osmium, cobalt, rhodium, iridium, nickel, palladium,
platinum, and the like. Particularly satisfactory for conve-
nience and relative cheapness are aluminum, zinc, iron,
nickel, tin, lead, and silver. Copper, while conductive, may in
its metallic form be objectionable in some rubber compound-
ing formulations.

[0039] The silicone rubber based composition(s) of the
present invention can be crosslinkable (i.e. vulcanizable) sili-
cone rubber based composition(s).

[0040] Ina particular embodiment of the invention, at least
one layer of the multilayer insulation, more preferably at least
two layers of the multilayer insulation, and more preferably
the layers (i.e. the first semiconducting layer and the electri-
cally insulating layer, or the first semiconducting layer, the
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electrically insulating layer, and the second semiconducting
layer) of the multilayer insulation, is/are crosslinked layer(s)
(i.e. vulcanized layer(s)).

[0041] In this respect, the silicone rubber based composi-
tion of the invention may be crosslinked by process well-
known in the art to crosslink silicone rubber, such as for
example in using peroxides, sulfur systems, metallic oxides,
etc

[0042] According to peroxide crosslinking, the silicone
rubber based composition can further comprise organic per-
oxide, and more particularly not more than 2.00 parts by
weight of organic peroxide per 100 parts by weight of poly-
mer(s) in the composition.

[0043] Other additives and/or fillers that are well known to
those skilled in the art may also be added to the silicone
rubber based composition of the invention, such as break-
down retardants; processing aids such as lubricants or waxes;
compatibilizers; couplers; UV stabilizers; and/or non-con-
ductive fillers.

[0044] In one particular embodiment, when the multilayer
insulation is the 3-layer insulation, the multilayer insulation is
designed so that the electrically insulating layer is directly in
physical contact with the first semiconducting layer, and the
second semiconducting layer is directly in physical contact
with the electrically insulating layer.

[0045] In apreferred embodiment according to the present
invention, the multilayer insulation is surrounded by a metal
shield.

[0046] Said metal shield is arranged around and along the
multilayer insulation.

[0047] This metal shield may be:

[0048] a “wire” shield, composed of an assembly of copper
or aluminum conductors surrounding the second semicon-
ducting layer,

[0049] a “strip” shield composed of one or more conduct-
ing metal strips laid spirally around the second semiconduct-
ing layer, or

[0050] a“leaktight”shield such as a metal tube surrounding
the second semiconducting layer. This latter type of shield
makes it possible especially to form a barrier to the moisture
that has a tendency to penetrate the electric cable in the radial
direction.

[0051] Combining with the co-extruded multilayer insula-
tion, the metal shield of the present invention allows advan-
tageously to decrease in a more significant manner partial
discharges in the electric cable,

[0052] The metal shield may as well serve for earthing the
electric cable and may thus transport fault currents, for
example in the case of a short-circuit in the network con-
cerned.

[0053] Finally, thanks to the metal shield, the electric cable
can be placed everywhere, for example on a metallic ground,
so that it render the electric cable easy to install and to use.
[0054] Furthermore, the electric cable of the invention may
comprise an outer protective sheath surrounding the multi-
layer insulation, or alternatively more particularly surround-
ing said metal shield, when it exists, This outer protective
sheath may be conventionally made from suitable thermo-
plastic materials such as HDPE, MDPE or LL.DPE; or alter-
natively flame-propagation-retardant materials or fire-propa-
gation-resistant materials. In particular, if the latter materials
do not contain halogen, this sheath is referred to as being of
HFFR type (Halogen Free Flame Retardant).
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[0055] Other layers, such as layers that swell in the pres-
ence of moisture, may be added between the multilayer insu-
lation and the metal shield when it exists, and/or between the
metal shield and the outer sheath when they exist, these layers
providing longitudinal and/or transverse leaktightness of the
electric cable to water. The electric conductor of the cable of
the invention may also comprise materials that swell in the
presence of moisture to obtain a “leaktight core”.

[0056] The electric cable of the present invention can be
more particularly a power cable supporting a voltage level of
at least 5 kV, It can be a direct voltage (DC) or alternative
voltage (AC) cable.

[0057] More preferably, the electric cable can support a
voltage level from 5 kV to 45-60 kV for medium voltage
cable, or a voltage level greater than 60 kV, which may be up
to 800 kV, for high voltage cable.

[0058] Another object of the present invention is a process
for manufacturing the electric cable as described in the
present invention, characterized in that the process comprises
the step of co-extruding the layers (i.e. the first semiconduct-
ing layer and the electrically insulating layer, or the first
semiconducting layer, the electrically insulating layer, and
the second semiconducting layer) of the multilayer insulation
according to the invention.

[0059] More particularly, the layers of the multilayer insu-
lation can be extruded simultaneously.

[0060] More preferably, the simultaneous extrusion can be
done with the same extrusion head.

[0061] To co-extrude the compositions aiming at forming
respectively the different layers of the multilayer insulation of
the electric cable of the invention, said compositions are
extruded in using one extruder per composition in order to
flow until the same extrusion head in which said compositions
are gathered to be co-extruded.

BRIEF DESCRIPTION OF DRAWINGS

[0062] Other characteristics and advantages of the present
invention will emerge in the light of the description of non-
limiting examples, given with reference to figures according
to the invention, wherein:

[0063] FIG.1shows a schematic view in perspective and in
cross section of an electric cable according to the invention,
and

[0064] FIG. 2 shows an extrusion head to co-extrude a
multilayer insulation to form an electric cable according to
the invention.

DETAILED DESCRIPTION

[0065] For reasons of clarity, only the elements that are
essential for understanding the invention have been schemati-
cally represented, and without being drawn to scale.

[0066] The power cable 1, illustrated in FIG. 1, comprises
an elongated central conducting element 2, especially made
of copper or aluminum. Successively and coaxially around
this conducting element 2, the power cable 1 also comprises
a first semiconducting layer 3 known as the “inner semicon-
ducting layer”, an electrically insulating layer 4, a second
semiconducting layer 5 known as the “outer semiconducting
layer”, a metal shield 6, and an outer protective sheath 7, the
three layers 3, 4 and 5 being co-extruded layers according to
the invention. The presence of the metal shield 6 is preferen-
tial. The presence of the protective outer sheath 7 is prefer-
ential, but not essential.
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[0067] The co-extrusion process of the layers 3, 4 and 5 of
FIG. 1 is illustrated in FIG. 2.

[0068] FIG. 2 shows the co-extrusion process of:

[0069] a first silicone rubber semiconducting composition
30, commercialized by the company MESGO under the ref-
erence MG1414N60P, said first silicone rubber semiconduct-
ing composition comprising around 40-50% by weight of
carbon black as conductive filler;

[0070] asilicone rubber electrically insulation composition
40, commercialized by the company RADO under the refer-
ence Silopren 2270H; and

[0071] a second silicone rubber semiconducting composi-
tion 50, commercialized by the company MESGO under the
reference MG1414N60P, said second silicone rubber semi-
conducting composition comprising around 40-50% by
weight of carbon black as conductive filler.

[0072] Said three compositions 30, 40 and 50 flow respec-
tively from three different extruders (not represented) to the
inside of an extrusion head 10.

[0073] The three different extruders may be extruders well-
known in the art.

[0074] Theextruderhead 10 is commercialized by the com-
pany under ITAL under the reference TECA/35, used for
three-layer extrusion.

[0075] Insaidextruderhead 10, said three compositions 30,
40 and 50 go through the same extrusion head extremity 20.
[0076] In said extrusion head extremity 20, the composi-
tions 30, 40 and 50 are applied simultaneously around the
elongated central conducting element 2, to form respectively
the coextruded layers 3, 4 and 5 around said elongated central
conducting element.

[0077] Hence, there is substantially no air bubble between
the interface of the layers 3 and 4, and between the interface
of the layers 4 and 5, so that said 3-layer insulation allows
advantageously to decrease partial discharges in the electric
cable, while guaranteeing good flexibility properties.

1. Electric cable comprising:
at least one elongated electric conductor; and
amultilayer insulation surrounding said electric conductor,
said multilayer insulation having a first semiconducting
layer and an electrically insulating layer, said two layers
being made from a silicone rubber based composition,

wherein the first semiconducting layer and the electrically
insulating layer are co-extruded layers.

2. Electric cable according to claim 1, wherein the multi-
layer insulation has a second semiconducting layer made
from a silicone rubber based composition, to form a 3-layer
insulation, so that the first semiconducting layer, the electri-
cally insulating layer and the second semiconducting layer
are co-extruded layers.

3. Electric cable according to claim 2, wherein the first
semiconducting layer is surrounded by the electrically insu-
lating layer, and the electrically insulating layer is surrounded
by the second semiconducting layer.

4. Electric cable according to claim 1, wherein at least one
of the layers of said multilayer insulation is a crosslinked
layer.

5. Electric cable according to claim 1, wherein the multi-
layer insulation is surrounded by a metal shield.

6. Electric cable according to claim 1, wherein the electric
cable is a power cable supporting a voltage level of at least 5
kV.
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7. Process for manufacturing the electric cable as claimed
in claim 1, wherein said method includes the step of co-
extruding the layers of said multilayer insulation.

8. Process according to claim 7, wherein the layers of the
multilayer insulation are extruded simultaneously.

9. Process according to claim 7, wherein the co-extrusion is
done with the same extrusion head.

10. Electric cable according to claim 4, wherein the layers
of said multilayer insulation are crosslinked layers.

#* #* #* #* #*
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