EP 3 430 632 B1

(19)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 3430 632 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:

of the grant of the patent: HO01B 9/02 (2006.01) HO01B 3/30 (2006.07)

18.12.2019 Bulletin 2019/51 HO01B 7/02 (2006.9%)
(21) Application number: 16710434.8 (86) International application number:

PCT/EP2016/055796
(22) Date of filing: 17.03.2016
(87) International publication number:
WO 2017/157446 (21.09.2017 Gazette 2017/38)

(54) POWER TRANSMISSION CABLE AND A PROCESS TO MANUFACTURE THE CABLE

KABEL ZUR LEISTUNGSUBERTRAGUNG UND VERFAHREN ZUR HERSTELLUNG DES KABELS

CABLE DE TRANSPORT D’ENERGIE ET PROCEDE DE FABRICATION DE CE CABLE
(84) Designated Contracting States: * MARTINI, Harald

AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 415 48 Goteborg (SE)

GRHRHUIEISITLILTLULV MC MK MT NL NO * MA, Bin

PL PT RO RS SE SI SK SM TR 724 67 Vasteras (SE)

¢ SCHNEIDER, Marco

(43) Date of publication of application: 5303 Wiirenlingen (CH)

23.01.2019 Bulletin 2019/04

(74) Representative: Kransell & Wennborg KB

(73) Proprietor: NKT HV Cables GmbH P.O. Box 27834

5400 Baden (CH) 115 93 Stockholm (SE)
(72) Inventors: (56) References cited:

¢ LIU, Rongsheng GB-A-1458 378 GB-B-2094 177
723 48 Vasteras (SE) US-A-3108 153 US-A-3748 372
¢ VIERTEL, Julia US-A-4 271 226

725 91 Vasteras (SE)
JEDENMALM, Anneli
117 60 Stockholm (SE)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 430 632 B1 2

Description
TECHNICAL FIELD

[0001] The present invention relates to a power trans-
mission cable comprising an insulation system and to a
process for the production of the power transmission ca-
ble, as defined in the appended claims.

BACKGROUND ART

[0002] High voltage power transmission cables, herein
referred to as power transmission cables, are used for
the power transmission of medium or high voltages. Such
power transmission cables may be buried under ground
and are called land cables, or the power transmission
cables may be buried into a sea bed or they may be
arranged to extend between two fixing points in sea wa-
ter. Cables used in sea applications are called subma-
rine, sea water or underwater power cables.

[0003] Power transmission cables generally comprise
a conductor covered by an insulation system and a pro-
tective jacket. The insulation system usually comprises
at least one inner semi-conductive layer, an insulation
layer and an outer semi-conductive layer. In addition, a
protection system may be applied to protect the insulation
system against e.g. moisture penetration, i.e. to block
water from penetrating to the insulation and further to
provide protection against mechanical wear or forces
during for example production and installation.

[0004] Itis known in the art that the insulation system
may comprise or consists of multiple layers of paper-
based material, which form the semi-conductive layers
and an insulation layer of the insulation system. A semi-
conductive layer in that case typically comprises paper
comprising semi-conductive filler particles, such as car-
bon black, that renders the paper material semi-conduc-
tive. The paper may also be metallized and can comprise
a layer of conductive material that renders the paper ma-
terial semi-conductive. The layers of semi-conductive pa-
per and layers of insulation layer are wrapped or lapped
around a conductor to form the insulation system.
[0005] Afterthe paper-based layers have been applied
onto the cable, impregnation of cables is performed by
using an impregnation liquid which can be a dielectric
fluid. The dielectric fluid, such as high viscosity oil, is
used to protect the insulation system against moisture
pick-up and to fill up all pores and voids or other inter-
stices in the insulation system. After impregnation, the
insulation system is usually directly provided with a mois-
ture barrier to keep the oil inside the insulation system
and to protect the insulation system from moisture and
air from the outside environment. Usually, the moisture
barrier is provided in the form of an extruded lead sheath.
The extrusion is performed onto the cable directly after
it is lifted from the impregnation oil. The process for the
production of power transmission cables with a paper-
based insulation system, so called Mass Impregnated
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(MI) cables, is further described for example in "Subma-
rine Power Cables: Design, Installation, Repair, Environ-
mental Aspects", Thomas Worzyk, Springer-Verlag Ber-
lin Heidelberg, 2009, ISBN 978-3-642-01269-3, pp
126-130. Such MI-cables have traditionally enabled high-
er voltage levels in power transmission cables than ex-
truded high voltage cables. However, the operational
temperature of the Ml-cables is limited due to the impreg-
nation oil.

[0006] An attempt to improve the submarine cables is
shown by US4271226 in which a tape made of a film of
an axially orientated polymer having a thickness of less
than 200 microns, a significant degree of crystalline or-
der, high tensile strength, a high modulus of elasticity
and the ability to cling to itself is used as the electrically
insulating material. The tape is lapped or wound around
a cable body so that successive layers of tape overlap
each other. However, problems arise during the tape
winding operation when air is unavoidably trapped in the
very small spiral spaces which exist at the lateral edges
of each tape layer. According to US 4271226 the problem
is avoided by the introduction of a dielectric gas at the
lateral edges of each layer of tape during or subsequent
to the tape winding operation and the solution falls into
the application of gas-pressurized cables. However, this
complicates the manufacturing process.

[0007] Therefore, thereis stillaneed forimprovements
in manufacturing processes of power transmission ca-
bles comprising a lapped insulation system. There is also
a need to improve electrical properties of power cables
comprising a lapped insulation system.

[0008] US 3 108 153 A discloses a power cable com-
prising aninsulation layer, the insulation layer being com-
posed of many layers of helically-wrapped polyethylene
tape saturated with a dimethylpolysiloxane liquid.

SUMMARY OF THE INVENTION

[0009] In view of the problems stated above, there is
thus a need to improve insulation materials and manu-
facturing processes of power transmission cables com-
prising a lapped insulation system. Further, there is a
need to improve the electrical and mechanical properties
of power transmission cables having an insulation sys-
tem comprising multiple lapped layers of polymeric insu-
lation material.

[0010] The object of the present invention is thus to
provide power transmission cable with an insulation sys-
tem that comprises polymeric insulation material which
is easy to apply with existing equipment and which forms
an electrically and mechanically stable insulation system
for a power transmission cable. Especially, it is an object
of the present invention to eliminate or at least minimize
the amount of air which is trapped in the very small spiral
spaces which exist at the lateral edges of each tape layer,
i.e. it is an object to avoid voids in the insulation system.
[0011] Itis a further object of the present invention to
provide a process for the manufacture of a power trans-
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mission high voltage cable which provides for an easier
and quicker manufacturing process without the need for
time consuming impregnation of the insulation system to
avoid voids in the insulation material. It is a further object
to provide a process which provides a power transmis-
sion cable with an insulation system which tolerates high-
er temperatures during use, and thus increases the max-
imum power level that can be transmitted with the power
transmission cable.

[0012] According to the present invention, the objects
above are attained by means of a power transmission
cable as defined in the appended claims. The power
transmission cable comprises a conductor and an insu-
lation system. The insulation system comprises

- a first semi-conductive covering comprising a layer
of semi-conductive material radially surrounding the
conductor;

- aninsulation covering comprising a layer of insula-
tion material surrounding the first semi-conductive
covering radially outwards;

- a second semi-conductive covering comprising a
layer of semi-conductive material surrounding the in-
sulation covering radially outwards;

wherein the semi-conductive material and the insulation
material comprise a first polymeric material arranged to
form a base film, and a second polymeric material ar-
ranged to fill in spaces and/or any voids in the insulation
system,

wherein the first polymeric material and the second pol-
ymeric material have different physical and/or chemical
properties, and

wherein at least the first polymeric material that forms
the base film of the semi-conductive material and the
insulation material is helically wound around the conduc-
tor or a cable body comprising the conductor and at least
the first semi-conductive covering. The cable body may
of course also additionally comprise the insulation layer.
Itis also possible that the cable body comprises the sec-
ond semi-conductive covering.

[0013] By using the semi-conductive material and the
insulation material which comprise a first polymeric ma-
terial arranged to form a base film, and a second poly-
meric material arranged to fill in spaces and/or any voids
in the insulation system according to the present inven-
tion, it is possible to obtain similar advantages in respect
of power and voltage levels as in connection with mass-
impregnated (MI) cables, i.e. it is possible to gain higher
power and voltage levels than with extruded high voltage
cables. Also, there is a smaller risk for faults in the insu-
lation system when the film material is used and lapped
around the conductor/cable body than in a bulk plastic
material to be extruded as an insulation system for the
cable. Further, the disadvantage of using impregnation
oil as in connection with the Ml-cables can be avoided,
whereby the cable will not be as limited in operational
temperature as MI-cables. By the present invention a
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non-impregnated cable can be produced. This is a huge
advantage since impregnation is very time-consuming.
The cable will be dry, i.e. no impregnation oil will be mov-
ing inside the insulation system when the temperature of
the cable rises. MI-cables with oil impregnation have nor-
mally a highest operational temperature of about 55°C.
Since no impregnation oil or other liquid is used, the op-
erational temperature will be higher, i.e. up to about 80°C
with the cable according to the present invention, which
is aremarkable increase. Thus, by the present invention
it is possible to combine benefits from both MI-cable ap-
plications and extruded cable applications. Since at least
the first polymeric material that forms the base film of the
semi-conductive material and the insulation material is
helically wound around the conductor or a cable body
comprising the conductor and at least the first semi-con-
ductive covering, it will be possible to utilize the same
apparatus for lapping the film around the cable as in the
manufacture of traditional Ml-cables having a paper-
based lapped insulation system. Thus, at least the base
film in the first semi-conductive layer is helically wound
around the conductor, at least the base film in the insu-
lation layer is helically wound around the first semi-con-
ductive layer and at least the base film in the second
semi-conducting layer is helically wound around the in-
sulation layer.

[0014] Suitably, the semi-conductive material compris-
es electrically conductive particles. The first and second
polymeric materials, respectively, in the semi-conductive
and insulation materials may be otherwise the same ex-
cept that the semi-conductive material comprises elec-
trically conductive particles. In this way the materials will
be compatible and it will be easy to for example stabilize
the insulation system and it will be easy to control the
manufacturing process.

[0015] Preferably, the insulation covering is of a multi-
layer structure and thus comprises at least two layers of
insulation material. Alternatively or additionally, the first
and second semi-conducting coverings are of multi-layer
structure and comprise at least two layers of semi-con-
ducting material. Thus, preferably, the insulation cover-
ing comprises at least two layers of insulation material
and the firstand second semi-conducting coverings com-
prise at least two layers of semi-conducting material. By
the multi-layer structure it is possible to further improve
the electrical properties of the cable. Especially, the
breakdown strength of the cable can be increased com-
pared to for example a cable having an extruded, plastic
insulation system.

[0016] According to one embodiment, the first poly-
meric material as the base film is provided as a tape and
the second polymeric material is provided as a liquid or
a semisolid. In this way the second polymeric material
may be applied to the insulation system by other means,
e.g. by means of a separate liquid feeding arrangement,
than the lapping equipment and additionally improved
filling of gaps, spaces and voids in the insulation system
can be obtained.
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[0017] According to another variant, the first polymeric
material as the base film and/or the second polymeric
material are provided as a tape. In this way the existing
lapping equipment that is normally used for paper insu-
lation system can be used, which is an advantage from
the process point of view. The tape preferably comprises
the first polymeric material as the base film and the sec-
ond polymeric material as a coating layer adhered to the
base film. The base film may be covered with the second
polymeric material on one or both sides of the base film.
This means that the tape may comprise the second pol-
ymeric material as a coating layer adhered to the base
film on both sides of the base film. In this way, both ma-
terials may be applied simultaneously to the conductor
or cable body, whereby faster production process can be
obtained.

[0018] The thickness of the second polymeric material
may be from 1 to 300 wm. The thickness of the base film
may be from 1 to 300 wm. For example a tape with such
a thickness can be easily applied and the existing equip-
ment used. Suitably, the at least two layers of the semi-
conductive material and the insulation material are
wound in an overlapping manner and the total thickness
of the respective covering is from 2 pm to 50 mm, de-
pending on the amount of layers. The amount of layers
is not limited to any specific amount, but could be for
example from 5-700 layers, depending on the desired
thickness of the respective covering. The thickness of
the respective covering may vary for example between
2 pm to 50 mm, but is not limited to the range. The thick-
ness of each of the semi-conductive coverings may be
thinner than the thickness of the insulation covering. In
this way, the insulation system may provide further im-
proved electrical properties.

[0019] The first polymeric material forming the base
film may comprise or consist of a polyolefin, such as poly-
propylene or polyethylene, such as high density polyeth-
ylene, low density polyethylene or cross-linked polyeth-
ylene, or polyethylene terephthalate, polyethylene naph-
thalate, or sulfoned plastic, such as polyethersulfone
(PES), polyphenylene sulphide (PPS) and polysulfone
(PSU), polycarbonate, poly(methyl methacrylate) (PM-
MA), polyaramid or any blend thereof. Such film materials
have sufficient mechanical strength and can be used in
power transmission cable applications.

[0020] Preferably, the second polymeric material com-
prises or consists of an adhesive and/or hotmelt material.
Such materials can be pressure sensitive, can be pro-
vided as liquids, suitably with high viscosity, or semisolids
and can be dried or cured to solids. Thus, the materials
provide a great flexibility in the manufacturing process
while they are applicable for use in power transmission
cables.

[0021] Theinsulation system may be additionally com-
prised in a cable joint of the power transmission cable.
Thus, the entire cable may comprise the same kind of
insulation system.

[0022] The objects and advantages above are also at-
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tained by a process for the production of a power trans-
mission cable according to the invention. The cable com-
prises a conductor and an insulation system surrounding
the conductor, wherein the process comprises the steps
of:

I. providing a conductor for the power transmission
cable;

Il. providing a semi-conductive material comprising
a first polymeric material arranged to form a base
film and a second polymeric material arranged to fill
in spaces and/or any voids in the insulation system,
and applying the semi-conductive material onto the
conductor by helically winding at least the base film
of the semi-conductive material to radially surround
the conductor and by arranging the second polymer-
ic material to fill in spaces and/or any voids and thus
provide a first semi-conductive covering and a cable
body comprising the conductor and the first semi-
conductive covering;

Il providing an insulation material comprising a first
polymeric material arranged to form a base film and
a second polymeric material arranged tofillin spaces
and/or any voids in the insulation system, and ap-
plying the insulation material by helically winding at
least the base film of the insulation material to sur-
round the cable body radially outwards and by ar-
ranging the second polymeric material to fill in spac-
es and/or any voids and thus provide a cable body
further comprising an insulation covering;

IV. helically winding at least the base film of the semi-
conductive material to surround the insulation cov-
ering and by arranging the second polymeric mate-
rial to fill in spaces and/or any voids to provide a
cable body with an insulation system comprising a
second semi-conductive covering;

V. optionally providing protective materials to cover
the insulation system, such as armouring and/or pro-
tective sheaths, wherein

the first polymeric material and the second polymeric
material have different physical and/or chemical
properties.

[0023] Preferably, a multi-layer structure for the insu-
lation system is provided. Thus, the insulation covering
comprises at least two layers of insulation material and
wherein the first and second semi-conducting coverings
comprise at least two layers of semi-conducting material.
Suitably, the base film is wound or wrapped in an over-
lapping manner. In this way gaps between the film edges
can be minimized. However, the film could be alterna-
tively wrapped in an edge-to-edge manner, or in a man-
ner that a butt gap space exists between the two edges.
[0024] Suitably, during the steps Il) to V) the power
transmission cable body is subjected to increased tem-
perature, radiation, orincreased pressure step to activate
the second polymeric material so that it fills the spaces
and the voids in the insulation system. If the second pol-
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ymeric material is provided as liquid or semisolid, the
activation step may not be necessary, but may be used
if the viscosity of the second polymeric material needs
to be lowered. If the second polymeric material is in liquid
form, the process may further comprise curing the cable
body before the step V.

[0025] To improve the adherence of the layers in re-
spective covering, the process may further comprise co-
rona surface treatment of the cable body before the step
V.

[0026] As already mentioned above, the semi-conduc-
tive and/or the insulation materials are preferably in the
form of a tape to facilitate the manufacturing process.
Thus, the semi-conductive and/or the insulation materi-
als can be helically wrapped around the cable body by
means of rows of lapping heads.

[0027] According to another variant, the first polymeric
material forming the base film is provided in the form of
a tape that is helically wrapped around the conductor or
the cable body comprising the conductor and the first
semi-conductive covering and optionally the insulation
covering and the second semi-conductive covering, and
wherein the second polymeric material is applied in liquid
form during the wrapping. The liquid may be added by
means of a liquid feeding apparatus, die or any other
suitable means. In this way the spaces, gaps or voids in
the insulation system may be further filled and thus the
spaces, gaps or voids may be eliminated from the insu-
lation system.

[0028] Furtherfeatures, objects and advantages of the
present invention will be explained in the below detailed
description with reference to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1a is a partially cut side view of the cable com-
prising an insulation system according to the present
invention;

Fig. 1bis aradial cross section of the cable compris-
ing an insulation system according to the present
invention;

Fig. 2is aradial cross section view of an HVAC cable
comprising cables with an insulation system accord-
ing to the present invention;

Fig. 3a shows schematically a tape comprising first
and second polymeric materials according to the in-
vention;

Fig. 3b shows schematically two layers of the tape
comprising first and second polymeric materials ac-

cording to the invention;

Fig. 3c shows schematically three layers of the tape
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comprising first and second polymeric materials ac-
cording to the invention;

Fig. 4 is a flow chart illustrating the steps of the proc-
ess for the production of the cable according to the
present invention;

Fig. 5 shows experimental results from DC break-
down tests on flat samples.

DETAILED DESCRIPTION

[0030] The power transmission cables of the present
invention generally comprise a metal conductor, an in-
sulation system and optionally a protection system ar-
ranged to protect the insulation system and the cable
against mechanical forces and/or moisture.

[0031] The insulation system of the present invention
is a non-impregnated insulation system wound and/or
lapped around the conductor. This means that no oil or
other impregnation liquid is used to impregnate the insu-
lation material and thus fill in empty spaces or voids in
the insulation material or in the lapped construction of
the insulation system. In this application, equally with the
definition "wrapped" is used "wound". By "lapped" is
meant helically wound insulation system in which the ma-
terials in the coverings are helically wound in an overlap-
ping manner orin amanner where the edges ofthe wound
material are positioned edge-to-edge or in a manner that
a butt gap space exists between the two edges of the
wound material. The lapped structure can be obtained
by means of using a tape. The tape may for example
comprise two different polymeric materials with different
properties. The insulation material of the present inven-
tion could be also used for cable joints.

[0032] The conductor is usually mainly constituted by
ametal such as copper or aluminium. The conductor may
be solid or stranded. Normally, the conductor has a gen-
erally circular cross section, even though alternative
shapes might be conceived. The conductor is electrically
conductive and can therefore transmit electricity. The
conductivity of a conductive material is suitably more than
about 108 S/m at 20 °C. Basically there is no upper limit,
but in practical solutions the upper limit is about 108 S/m
at 20 °C.

[0033] The conductor is surrounded by an insulation
system. The insulation system may have a cross-section
with an outer peripheral shape corresponding to the outer
peripheral shape of the conductor, normally a generally
circular outer periphery. The conductor may be directly
or indirectly surrounded by the insulation system, i.e. the
electric power cable may comprise at least one material
layer between the conductor and the insulation system,
e.g. a semi-conductive tape.

[0034] The electricinsulation system comprises a first,
inner, semi-conductive covering comprising a layer, pref-
erably multiple layers of semi-conductive material radi-
ally surrounding the conductor. Semi-conductive mate-
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rial has semi-conductive properties which can be ob-
tained for example by the use of electrically conductive
filler particles. Thefiller particles may be for instance car-
bon black, which has a conductivity of about 1000 S/m.
The particles may be dispersed or pre-added in the first
and/or the second polymeric material. By semi-conduc-
tive properties of a material is meant a material that has
an electrical conductivity that is lower than that of a con-
ductor but that is not an insulator. The conductivity of the
semi-conductive material may be typically larger than
10-5 S/m at 20 °C, such as up to about 10 or 102 S/m.
Typically, the conductivity is less than 103 S/m at 20 °C,
and preferably more than or equal with 10-3 S/m.
[0035] By a multi-layer structure is meant that there
are multiple layers, i.e. at least two layers of respective
material in the respective covering. The amount of layers
in a multi-layer structure can be varied widely and can
be for example from 2 to 700, but is not limited to this
interval. For example, the amount of layers can be from
2 to 50 layers for the semi-conductive covering and from
2 to 700 layers for the insulation covering.

[0036] Thefirst, inner, semi-conductive coveringis sur-
rounded by an insulation covering which comprises a lay-
er, preferably multiple layers, of insulation material. The
insulation material has insulating properties, i.e. no con-
ductivity or very low conductivity. By insulating properties
of a material is meant that the material resists electricity.
The conductivity of the insulation material may be for
example of from about 1*10-8 to about 1*10-22 S/m at 20
°C, typically from 1*10-9to 1*10-18, depending of the mag-
nitude of the electric field and/or temperature.

[0037] The insulation covering is then normally sur-
rounded by a second, outer, semi-conductive covering
comprising a layer, preferably multiple layers of semi-
conductive material as described above and as further
described below.

[0038] The semi-conductive and the insulation mate-
rial according to the present invention comprise a first
polymeric material arranged to form a base film, and a
second polymeric material arranged to fillin spaces, such
as butt gap spaces, and/or any voids in the insulation
system. The first polymeric material and the second pol-
ymeric material have different properties, i.e. physical
and/or chemical properties and the first and second pol-
ymeric materials preferably comprise different polymeric
compositions. The first polymeric material and the sec-
ond polymeric material form a composite material which
can have insulation or semi-conductive properties de-
pending on the additives used.

[0039] The first and second polymeric materials may
both be thermoplastic and have a Vicat softening point
defined at specific conditions and according to specific
standards, i.e. ASTM D 1525 and/or ISO 306. Alterna-
tively or additionally, the first and second polymeric ma-
terials may have a respective glass transition tempera-
ture and a melting point or melting temperature defined
at specific conditions and according to specific stand-
ards. According to one variant, the melting point or melt-
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ing temperature of the first polymeric material at the spe-
cific conditions may be higher than the melting point or
melting temperature of the second polymeric material at
the same conditions. For example, the first polymeric ma-
terial may have a melting point or melting temperature
of at least 110°C, preferably at least 140°C or 160°C, so
that it will not melt during temperature peaks during the
normal operation of the cable. The second polymeric ma-
terial can then correspondingly have a melting point or
melting temperature of below 110°C or below 140°C or
below 160°C, but preferably above 90°C, so that it will
not melt during the normal operation of the cable. It
should be noted that only the crystalline part of semi-
crystalline thermoplastic materials has a melting point or
melting temperature, amorphous and thermoset materi-
als do not have a melting point or melting temperature.
According to another variant, the melting point or melting
temperature of the first polymeric material is lower or
equal with the second polymeric material, but the viscos-
ity of the second polymeric material during the manufac-
turing conditions is lower than the viscosity of the first
polymeric material, which is preferably solid at the man-
ufacturing conditions. Thereby, the second polymeric
material may fill in spaces and/or any voids in the insu-
lation system while the base film can be helically wound
around the conductor or a cable body. Thus, according
to a further variant the second polymeric material may
be liquid or semisolid. By semisolid is meant that the sec-
ond polymeric material has a thick consistency between
liquid and solid, whereby the material can supportits own
weight and hold its shape but wherein the material can
flow under pressure or when heated. The liquid or sem-
isolid second polymeric material suitably has a viscosity
which is sufficiently high so that it will stay adhered to the
base film at the winding conditions, i.e. 20°C and atmos-
pheric pressure, or other winding temperatures.

[0040] In case there is a need to stabilize the structure
of the insulation system, it is possible to add a cross-
linking agent to the second polymeric material. After the
insulation system has been lapped over the conductor,
the cable or cable body may therefore be cured. The
second polymeric material may be initially thermoplastic
and thus have a certain initial melting temperature or
melting point before cross-linking, for example during
winding. However, when the second polymeric material
is heated and crosslinked, the material will become solid
and normally thermoset and not thermoplastic anymore.
[0041] Suitable materials for the first polymeric mate-
rial forming the base film may be any plastic film materials
having mechanical and thermal properties that tolerate
the mechanical forces acting on the cable and the thermal
conditions during a normal operation of a power trans-
mission cable. Further, the first polymeric material per
se should be electrically insulating, but may be rendered
semi-conductive properties by addition of conductive fill-
er particles. Suitable first polymeric materials comprise
or consist of a polyolefin polymer, such as polypropylene
(PP) or polyethylene (PE) or blends of them. The poly-
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ethylene film may comprise or consist of a high density
polyethylene (HDPE), low density polyethylene (LDPE)
or cross-linked polyethylene (XLPE). Further examples
for suitable first polymeric materials include polyethylene
terephthalate (PET) film, polyethylene naphthalate
(PEN) film, sulfoned plastic films, such as polyethersul-
fone (PES), polyphenylene sulphide (PPS) and polysul-
fone (PSU) films, polycarbonate, poly(methyl methacr-
ylate), polyaramid, or any blend thereof, i.e. any blend of
all of the above-mentioned first polymeric materials. Oth-
er plastic film materials with characteristics suitable for
use in power transmission cable applications could be
used.

[0042] Suitable second polymeric material is an adhe-
sive material. The adhesive materials may be pressure
sensitive. Alternatively or additionally the second poly-
meric material is a hotmelt material, e.g. a hotmelt type
of adhesive. Any type of second polymeric material could
be used that is suitable for use in power transmission
cables, has insulating properties and is able to fillin spac-
es or voids in the insulation system. Such materials are
known in the art and the adhesive materials may com-
prise or consist of for example acrylic adhesive, rubber-
based adhesive or silicone-based adhesive. Other types
such as epoxy-based adhesives could be used. The hot-
melt is a polymer with a narrow melting point range. The
hotmelt can be solid with mechanical properties corre-
sponding to the mechanical properties of the base film
during winding. If the hotmelt is adhered to the base film
and the first polymeric material as the base film and the
second polymeric material are provided as a tape, the
tape will look like a plastic laminate during winding. How-
ever, when the tape is heated to a certain temperature,
the hotmelt melts and thus fills in empty spaces and voids
in the insulation system. In case the second polymeric
material is an adhesive, e.g. acrylic adhesive, it can be
in liquid or semisolid form. However, the viscosity of the
second polymeric material is in that case sufficiently high
that it will stay on the base film during the winding con-
ditions, e.g. atatmospheric pressure and at20°C or other
pressures or temperatures. The first polymeric material
asthe basefilm can be provided as a tape and the second
polymeric material can be provided as a liquid or a sem-
isolid.

[0043] Preferably, the first polymeric material as the
base film and the second polymeric material are provided
as a tape. The tape may comprise the first polymeric
material as the base film and the second polymeric ma-
terial as a coating layer adhered to the base film. The
tape may comprise the second polymeric material as a
coating layer adhered to the base film on both sides of
the base film.

[0044] The thickness of the second polymeric material
can be from 1 to 300 pum and the thickness of the base
film can be from 1 to 300 um. However, the thickness is
not particularly limited and other thicknesses may be
used if applicable during the application of the material
layers. However, for example, if the thicknesses above
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are used, and at least two layers of the semi-conductive
material and the insulation material are wound in an over-
lapping manner, the total thickness of the respective cov-
ering can be from for example 2 pm to 50 mm preferred
between 2 pm and 5 mm for the semi-conductive cover-
ings and between 2 mm and 50 mm for the insulation
covering, if for example up to 700 layers of material are
used.

[0045] The insulation system as described above may
be used in an entire power transmission cable and is thus
also usable additionally in a cable joint of the power trans-
mission cable.

[0046] When the power transmission cable is manu-
factured, at least the first polymeric material that forms
the base film of the semi-conductive material and/or the
insulation material is helically wound around the conduc-
tor or a cable body. By the cable body is meant an un-
finished power transmission cable comprising the con-
ductor and at least the first, inner, semi-conductive cov-
ering and optionally the insulation covering and optionally
the second semi-conductive covering. When the base
filmis helically wound around the conductor or cable body
the successive layers of at least the base film preferably
overlap. By winding helically at least the base film in the
respective covering, a lapped structure for the insulation
system can be formed. The second polymeric material
is then arranged to fill in butt gap spaces and/or any voids
in the insulation system.

[0047] It is important that there is substantially no air
or water presentin the insulation system. Therefore, any
voids or spaces need to be filled to protect the insulation
againstmoisture pick-up. According to the present inven-
tion, no impregnation needs to be performed since the
second polymeric material is arranged to fill in spaces or
voids in the insulation systems.

[0048] The base film is non-porous which means that
the first polymeric material forms a base film with no pores
that are permeable to water, air or other fluids. Thus, no
air or moisture will be trapped in the material.

[0049] The cable body that comprises the lapped in-
sulation system is usually provided with a moisture bar-
rier to protect the insulation system from water. The mois-
ture barrier is liquid resistant. By "resistant" is meant that
the material provides a barrier against liquids, e.g. water
and optionally air, but which is not necessarily completely
impermeable to e.g. water and/or air. Moisture barriers
are needed since the inherent properties of the electric
insulation system may deteriorate and it may lose its in-
sulation effect if it is subjected to moisture during a long
period. However, since the insulation system of the
present invention comprises the first polymeric material
as the base film, which is non-porous and thus imperme-
able for water per se, further improved moisture protec-
tion for the conductor is provided.

[0050] The conductor, the insulation system and the
moisture barrier can be surrounded by further layers of
material that can be included in a protection system of
the cable. Further materials and layers may have differ-
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ent tasks such as that of holding the different cable parts
together, giving the power transmission cable mechani-
cal strength and protecting the cable against physical as
well as chemical attacks, e.g. corrosion. Such materials
and layers are commonly known to the person skilled in
the art. For example, such further materials may include
armouring, for example steel wires, and outer protective
sheaths.

[0051] The powertransmission cables accordingtothe
present invention can be single phase, i.e. direct current
(DC), cables orthree-phase, i.e. alternating current (AC),
power transmission cables. DC-cables comprise one
conductor surrounded by the insulation system. Three-
phase cables comprise three conductors, each of which
is surrounded by a separate electric insulation system.
The three phase power transmission cable may also
comprise further material and layers arranged around
and enclosing the rest of the cable as described above.
Such further material and layers may have different tasks
such as that of holding the different cable parts, as de-
scribed above, together, and giving the cable mechanical
strength and protection, against physical as well as
chemical attack, e.g. corrosion, and are commonly
known to the person skilled in the art.

[0052] The powertransmission cablesaccordingtothe
invention may be underwater power cables or the cables
may be land cables. The cable is preferably a power
transmission cable having a rated voltage of 50 kV or
higher, and is thus suitable for use as a high voltage
transmission power cable. For example, the cables may
be high voltage direct current (HVDC) cables, high volt-
age alternating current (HVAC) cables, extra high voltage
cables (EHV), ultra-high voltage cables (UHV), medium-
voltage cables and low-voltage cables.

[0053] Fig. 1aand Fig. 1b show an example of a power
transmission cable comprising a lapped insulation sys-
tem according to the presentinvention. InFig. 1a, atrans-
mission power cable 10 is shown in a partially cut side
view and in Fig. 1b in a radial cross-section view and
reference is made equally to both figures. The electric
power cable comprises a metal conductor 1, which may
be a solid or stranded metal conductor of conductive met-
al, such as aluminium or copper. The cable 10 further
comprises an insulation system 2 (indicated in Fig. 1a)
comprising an inner semi-conductive covering 4 compris-
ing multiple layers of semi-conductive material radially
and coaxially surrounding the conductor 1. The inner
semi-conductive covering 4 may be in direct contact with
the conductor 1, or a layer of for example conductive tape
(not shown) may be arranged in between the conductor
1 and the inner semi-conductive covering 4. The inner
semi-conductive covering 4 comprises multiple layers of
a composite semi-conductive material comprising a first
polymeric material arranged to form a base film, and a
second polymeric material arranged to fill in spaces
and/or any voids in the insulation system and e.g. carbon
black as filler to render the material semi-conductive.
Other conductive filler particles may be of course used.
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[0054] The inner semi-conductive covering 4 is sur-
rounded coaxially and radially outwards by an insulation
covering 5 which comprises multiple layers of a compos-
ite insulation material of the present invention comprising
a first polymeric material arranged to form a base film,
and a second polymeric material arranged tofillin spaces
and/or any voids in the insulation system and having in-
sulating properties. Both the composite material for the
inner semi-conductive covering 4 and the insulation cov-
ering 5 are suitably provided in the form of a tape and
helically wrapped around the conductor 1 by means of
rows of lapping heads (not shown). The insulation cov-
ering 5 is surrounded coaxially and radially outwards by
a second, outer semi-conductive covering 6 which com-
prises multiple layers of the composite material of the
present invention having semi-conductive properties.
The cable 10 further comprises a protection system com-
prising a moisture barrier 8, which can be a welded metal
layer and which can be corrugated or smooth.

[0055] Fig. 2 shows an example of an alternating cur-
rent (AC) electric power cable 20 comprising three con-
ductors 21 with an insulation system 22 and a moisture
barrier 28. All conductors are identical, butforthe reasons
of clarity, only one conductor with respective insulation
system and moisture barrier has been provided with ref-
erence signs. Each conductor 21 is surrounded coaxially
and radially by the insulation system 22 comprising mul-
tiple layers of insulation and semi-conductive material.
Each insulation system 22 comprises an inner semi-con-
ductive covering 24, an insulation covering 25 and an
outer semi-conductive covering 26, whereby each of the
coverings comprise multiple layers of the composite in-
sulation or semi-conductive material of the present in-
vention. The insulation system 22 is in turn surrounded
coaxially and radially outwards by a protection system
comprising a moisture barrier 28, which can be a metal
layer that can be corrugated or smooth. The three con-
ductors 21 are surrounded by an outer shield 29 that
keeps the three conductors 21 together within the AC
cable 20. Based on design, the shape of the each cable
or each conductor can be of other form, an oval or a
sector for instance and alternatively the moisture barrier
28 can be manufactured to cover all together the three
insulated conductors at the same time and in this case
just one moisture barrier system is needed.

[0056] InFig. 3a, 3band 3c (3a-3c)the principle of how
the second polymeric material fills spaces or voids in the
insulation system has been illustrated. In Fig. 3a two var-
iants of a tape comprising a first polymeric material form-
ing a base film and a second polymeric material forming
a coating are shown. The tape 30 comprises the base
film 31, which is covered on one side with a second pol-
ymeric material forming the coating 32. The tape 30’ com-
prises the base film 31’, which is covered on both sides
with a second polymeric material forming the coating 32’
When pressed together they form a laminate structure.
The base film provides mechanical strength and the coat-
ing is arranged to fill spaces between the base film and
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a second layer of the tape and also the gaps that occur
between different tape layers during a helical lapping
process. The second polymeric material forming the
coating could either be an adhesive or a hotmelt, i.e. a
polymer that melts rapidly at a certain temperature.
[0057] Generally,the coating ,i.e.the second polymer-
ic material, may have a lower melting temperature or
melting point than the base film, i.e. the first polymeric
material. In this way it is possible to let the second ma-
terial melt and thus fill in gaps, spaces and voids in the
insulation system while the base film keeps the structure
of the insulation system stable. According to another var-
iant, the melting temperature or melting point of the coat-
ing is higher than or the same as the melting temperature
or melting point of the base film, but the viscosity of the
coating is lower than the viscosity of the base film at a
specific manufacturing temperature. Thereby it is possi-
ble for the coating to fill in gaps, spaces or voids in the
insulation system during the manufacture of the cable.
According to another variant, the coating 32 orthe second
polymeric material can be a pressure sensitive adhesive
and/or the adhesive can be heated to flow better and fill
spaces, gaps or voids. When the insulation system is
lapped and cooled, a solid structure for the insulation
system is formed. According to a further variant, itis also
possible that the second polymeric material is an adhe-
sive or hotmelt in liquid form and applied directly in the
spaces, voids or gaps by means of any suitable liquid
application means while lapping. The second polymeric
material could be either athermoplastic or thermoset ma-
terial. Upon cooling it is also possible to crosslink in dif-
ferent ways, e.g. by means of UV curing of adhesive or
by means of a chemical crosslinker. When the second
polymeric material is cross-linked, better stability of the
insulation system at operational temperature can be pro-
vided.

[0058] In Fig. 4, the process according to the present
invention is illustrated in a flow chart. In the first step I)
of the process a conductor 1 for the power transmission
cable is provided. The conductor can be any of the kind
described above.

[0059] In the second step Il) of the process a semi-
conductive material comprising a first polymeric material
arranged to form a base film and a second polymeric
material arranged to fill in spaces and/or any voids in the
insulation system is provided. The second step compris-
es also applying the semi-conductive material onto the
conductor by helically winding at least the base film of
the semi-conductive material to radially surround the con-
ductor and by arranging the second polymeric material
to fill in spaces and/or any voids and thus provide a first
semi-conductive covering and a cable body comprising
the conductor and the first semi-conductive covering..
[0060] In the third step Ill) of the process an insulation
material comprising a first polymeric material arranged
to form a base film and a second polymeric material ar-
ranged to fill in spaces and/or any voids in the insulation
system is provided. The process step further comprises
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applying the insulation material by helically winding at
least the base film of the insulation material to surround
the cable body radially outwards and by arranging the
second polymeric material to fill in spaces and/or any
voids.

[0061] In the fourth step IV) of the process at least the
base film of the semi-conductive material is helically
wound to surround the insulation covering and the sec-
ond polymeric material is arranged to fill in spaces and/or
any voids to provide a cable body with an insulation sys-
tem comprising a second semi-conductive covering.
[0062] In the fifth step V) of the process, which is op-
tional, protective materials to cover the insulation system,
such as armouring and/or protective sheaths, are provid-
ed.

[0063] In the method the first polymeric material and
the second polymeric material have different physical
and/or chemical properties, as already explained above.
[0064] The semi-conductive and the insulation mate-
rial are applied by wrapping or lapping the material
around the conductor by means of wrapping equipment.
Such equipment can be of any type known in the art.
Preferably, at least two layers of the insulation material
are applied in the insulation covering and at least two
layers of the semi-conductive material are applied in the
first and second semi-conductive coverings. Thus, the
insulation covering comprises at least two layers of insu-
lation material and wherein the first and second semi-
conducting coverings comprise at least two layers of
semi-conducting material, i.e. the insulation system has
a multilayer-structure in each covering.

[0065] During the steps Il) to 1V) the power transmis-
sion cable body is subjected to an increased tempera-
ture, radiation, or increased pressure step to activate the
coating material so that it fills the butt gap spaces and
the voids in the insulation system.

[0066] According to a variant of the present invention,
the second polymeric material comprises a cross-linking
agent which can be cured to obtain a cross-linked and
thermoset insulation system. In that case, the process
further comprises curing the cable body before the step
V. Curing may be performed at an increased tempera-
ture, i.e. heating or by means of radiation, e.g. UV-radi-
ation.

[0067] Also, the process may further comprise corona
surface treatment of the semi-conductive coverings
and/or the insulation coverings before the step V, suitably
in connection with each of the step Il to IV. Corona treat-
ment is a standard method to improve adhesion between
layers of different polymers. It mainly treats the surface.
Corona surface treatment can be performed for example
by putting a film inside needle(s)/plane electrode system.
The surface of the film can then be treated by the corona
generated by the needle(s) electrode under an AC volt-
age.

[0068] Preferably, the semi-conductive and/or the in-
sulation materials are in the form of a tape. Suitably, the
tape is a laminate comprising the first polymeric material
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as a base film and the second polymeric material as a
coating.

[0069] Suitably, the semi-conductive and/or the insu-
lation materials are helically wrapped around the cable
body by means of rows of lapping heads. Such lapping
heads are well known in the art and of the known ar-
rangements could be used.

[0070] According to another variant, the first polymeric
material forming the base film could be provided in the
form of a tape that is helically wrapped around the con-
ductor or the cable body comprising the conductor and
the first semi-conductive covering and optionally the in-
sulation covering and the second semi-conductive cov-
ering, and wherein the second polymeric material could
be added in liquid form during the wrapping. In this case,
the second polymeric material should be dried or cured
to obtain a solid insulation structure.

Example 1
Lapping process

[0071] Samples were produced in order to prove the
concept by lapping with different materials on aluminium
tubes. The tubes are used in order to be able to evaluate
them electrically without having to produce a long cable.
A winding machine was used to lap the samples. One
set of samples was prepared with 7 layers of tape having
PEN as the base film and acrylic pressure sensitive ad-
hesive as a coating and as further defined below. Another
set of samples was prepared with PP as the base film
and acrylic UV-curing coating as the coating.

Partial discharge (PD) evaluation

[0072] If the filling material has not fully filled all gaps,
then voids are formed which will give rise to PD activity
much below its breakdown value. Therefore PD meas-
urements were performed in order to detect any voids.
[0073] Lapped aluminium tubes with 7 layers of 25 pm-
thick PEN film (Teonex®) having a width of 19 mm with
50 pm acrylic adhesive forming total thickness of 0.5 mm,
were prepared for this purpose and as final process step
in order to apply pressure a shrink tape was applied and
subsequently heat treated. All samples prepared in this
way showed only PD close to the breakdown value.

DC breakdown strength

[0074] DC breakdown test on flat samples was made,
comparing PP capacitor film to PP blend granules, ex-
trusion grade, pressed in a hot press to a plaque. In Fig.
5 results of Weibull probability of DC breakdown strength
of flat samples of PP film and of PP blend plaque meas-
ured in Biotemp oil at room temperature using 0.5 kV/mm
ramp rate are shown. As can be seen, the multilayer
structure of PP films has higher breakdown value than
the single layer of PP blend of extrusion grade.
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[0075] The foregoing description and examples of the
present invention have been provided for the purposes
of illustration and description. It is not intended to be ex-
haustive or to limit the invention to the precise embodi-
ments disclosed. Obviously, many modifications and var-
iations will be apparent to practitioners skilled in the art.
The embodiments were chosen and described in order
to best explain the principles of the invention and its prac-
tical applications, thereby enabling others skilled in the
art to understand the invention for various embodiments
and with the various modifications as are suited to the
particular use contemplated. The features specified
above may be combined between differentembodiments
specified within the framework of the invention defined
in the appended claims.

Claims

1. A power transmission cable (10; 20) comprising a
conductor (1; 21) and an insulation system (2; 22),
wherein the insulation system (2; 22) comprises:

- a first semi-conductive covering (4; 24) com-
prising a layer of semi-conductive material radi-
ally surrounding the conductor (1; 21);

- aninsulation covering (5; 25) comprising a lay-
er of insulation material surrounding the first
semi-conductive covering (4; 24) radially out-
wards;

- a second semi-conductive covering (6; 26)
comprising a layer of semi-conductive material
surrounding the insulation covering (5; 25) radi-
ally outwards;

wherein the semi-conductive material and the insu-
lation material comprise a first polymeric material ar-
ranged to form a base film (31; 31’), and a second
polymeric material arranged to fill in spaces and/or
any voids in the insulation system,

wherein the first polymeric material and the second
polymeric material have different physical and/or
chemical properties,

wherein the second polymeric material is an adhe-
sive material, and

wherein at least the first polymeric material that
forms the base film (31; 31’) of the semi-conductive
material and the insulation material is helically
wound around the conductor (1; 21) or a cable body
comprising the conductor (1; 21) and atleast the first
semi-conductive covering (4; 24).

2. Power transmission cable according to claim 1,
wherein the insulation covering comprises at least
two layers of insulation material and wherein the first
and second semi-conducting coverings comprise at
least two layers of semi-conducting material.
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Power transmission cable according to any one of
claims 1 to 2, wherein the first polymeric material as
the base film (31; 31’) is provided as a tape and the
second polymeric material is provided as a liquid or
a semisolid.

Power transmission cable according to any one of
claims 1 to 3, wherein the first polymeric material as
the base film (31; 31’) and/or the second polymeric
material are provided as a tape.

Power transmission cable according to claim 4,
wherein the tape (30; 30’) comprises the first poly-
meric material as the base film (31; 31’) and the sec-
ond polymeric material as a coating layer (32; 32’)
adhered to the base film (31; 31°).

Power transmission cable according to any of claims
4t0 5, wherein the thickness of the second polymeric
material is from 1 to 300 pm.

Power transmission cable according to any one of
the preceding claims, wherein the thickness of the
base film is from 1 to 300 pum.

The power transmission cable according to any one
of the preceding claims, wherein the first polymeric
material forming the base film comprises or consists
of a polyolefin, such as polypropylene, polyethylene,
such as high density polyethylene, low density pol-
yethylene or cross-linked polyethylene, or polyeth-
ylene terephthalate, polyethylene naphthalate or sul-
foned plastic, such as polyethersulfone (PES),
polyphenylene sulphide (PPS) and polysulfone
(PSU), or polycarbonate, poly(methyl methacrylate),
polyaramid, or any blend thereof.

The power transmission cable according to claim 8,
wherein the first polymeric material as the base film
(31; 31’) and the second polymeric material are pro-
vided as a tape and wherein the tape (30; 30’) com-
prises the first polymeric material as the base film
(31; 31’) and the second polymeric material as a
coating layer (32; 32’) adhered to the base film (31;
31’) and wherein the second polymeric material is a
hotmelt material.

The power transmission cable according to any one
of the preceding claims, wherein the insulation sys-
tem is additionally comprised in a cable joint of the
power transmission cable.

Process for the production of a power transmission
cable (10; 20) comprising a conductor (1; 21) and an
insulation system (2; 22) surrounding the conductor
(1; 21), wherein the process comprises the steps of:

I. providing a conductor (1; 21) for the power
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12.

13.

14.

20

transmission cable (10; 20);

Il. providing a semi-conductive material com-
prising a first polymeric material arranged to
formabasefilm(31;31’) and a second polymeric
material arranged to fill in spaces and/or any
voids in the insulation system, and applying the
semi-conductive material onto the conductor by
helically winding at least the base film (31; 31°)
of the semi-conductive material to radially sur-
round the conductor (1; 21) and by arranging
the second polymeric material to fill in spaces
and/or any voids, and thus provide a first semi-
conductive covering (4; 24) and a cable body
comprising the conductor (1; 21) and the first
semi-conductive covering (4; 24);

l1l. providing an insulation material comprising
a first polymeric material arranged to form a
base film (31; 31’) and a second polymeric ma-
terial arranged to fill in spaces and/or any voids
in the insulation system, and applying the insu-
lation material by helically winding at least the
base film (31; 31’) of the insulation material to
surround the cable body radially outwards and
by arranging the second polymeric material to
fill in spaces and/or any voids, and thus provide
a cable body further comprising an insulation
covering (5; 25);

IV. helically winding at least the base film (31;
31’) of the semi-conductive material to surround
the insulation covering (5; 25) and by arranging
the second polymeric material to fill in spaces
and/or any voids to provide a cable body with
an insulation system (2; 22) further comprising
a second semi-conductive covering (6; 26);

V. optionally providing protective materials to
cover the insulation system (2; 22), such as ar-
mouring and/or protective sheaths;

wherein the first polymeric material and the second
polymeric material have different physical and/or
chemical properties, and wherein the second poly-
meric material is an adhesive material.

Process according to claim 11, wherein the insula-
tion covering comprises at least two layers of insu-
lation material and wherein the first and second
semi-conducting coverings comprise at least two
layers of semi-conducting material.

Process according to claim 11 or 12, wherein during
the steps Il) to IV) the power transmission cable body
is subjected to an increased temperature, radiation,
or increased pressure step to activate the second
polymeric material so that it fills the spaces and the
voids in the insulation system.

Process according to any one of claims 11 to 13,
wherein the semi-conductive and/or the insulation
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materials are in the form of a tape (30; 30°).

Process according to any one of claims 11-14,
wherein the first polymeric material forming the base
film (31; 31°) is provided in the form of a tape (30;
30’) that is helically wrapped around the conductor
(1; 21) or the cable body comprising the conductor
(1; 21) and the first semi-conductive covering (4; 24)
and optionally the insulation covering (5; 25) and op-
tionally the second semi-conductive covering (6; 26),
and wherein the second polymeric material is applied
in liquid form during the wrapping.

Patentanspriiche

1.

Starkstromibertragungskabel (10; 20), das einen
Leiter (1; 21) und ein Isoliersystem (2; 22) umfasst,
wobei das Isoliersystem (2; 22) umfasst:

- eine erste halbleitende Abdeckung (4; 24), die
eine Schicht aus halbleitendem Material um-
fasst, die den Leiter (1; 21) radial umgibt;

- eine Isolierabdeckung (5; 25), die eine Schicht
aus Isoliermaterial umfasst, welche die erste
halbleitende Abdeckung (4; 24) radial nach au-
Ren umgibt;

- eine zweite halbleitende Abdeckung (6; 26),
die eine Schicht aus halbleitendem Material um-
fasst, welche die Isolierabdeckung (5; 25) radial
nach auf3en umgibt;

wobei das halbleitende Material und das Isolierma-
terial ein erstes Polymermaterial, das dazu angeord-
netist, eine Basisfolie (31; 31’) auszubilden, und ein
zweites Polymermaterial, das dazu angeordnet ist,
Raume und/oder jegliche Leerrdume in dem Isolier-
system auszufillen, umfassen,

wobei das erste Polymermaterial und das zweite Po-
lymermaterial  unterschiedliche  physikalische
und/oder chemische Eigenschaften aufweisen,
wobei das zweite Polymermaterial ein klebendes
Material ist und

wobei wenigstens das erste Polymermaterial, das
die Basisfolie (31; 31’) des halbleitenden Materials
und das Isoliermaterial ausbildet, spiralférmig um
den Leiter (1; 21) oder einen Kabelkorper, der den
Leiter (1; 21) und wenigstens die erste halbleitende
Abdeckung (4; 24) umfasst, gewickelt ist.

Starkstromibertragungskabel nach Anspruch 1, wo-
bei die Isolierabdeckung wenigstens zwei Schichten
aus Isoliermaterial umfasst und wobei die erste und
zweite halbleitende Abdeckung wenigstens zwei
Schichten aus halbleitendem Material umfassen.

Starkstromibertragungskabel nach einem der An-
spriiche 1 bis 2, wobei das erste Polymermaterial
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1.

22

als die Basisfolie (31; 31’) als ein Band vorgesehen
ist und das zweite Polymermaterial als eine Flissig-
keit oder ein halbfester Stoff vorgesehen ist.

Starkstromubertragungskabel nach einem der An-
spriiche 1 bis 3, wobei das erste Polymermaterial
als die Basisfolie (31; 31’) und/oder das zweite Po-
lymermaterial als ein Band vorgesehen ist/sind.

Starkstromubertragungskabel nach Anspruch 4, wo-
bei das Band (30; 30’) das erste Polymermaterial als
die Basisfolie (31; 31’) und das zweite Polymerma-
terial als eine Beschichtungsschicht (32; 32’), die an
der Basisfolie (31; 31’) haftet, umfasst.

Starkstromibertragungskabel nach einem der An-
spriiche 4 bis 5, wobei die Dicke des zweiten Poly-
mermaterials 1 bis 300 wm betragt.

Starkstromibertragungskabel nach einem der vor-
hergehenden Anspriiche, wobei die Dicke der Ba-
sisfolie 1 bis 300 wm betragt.

Starkstromibertragungskabel nach einem der vor-
hergehenden Anspriiche, wobei das erste Polymer-
material, das die Basisfolie ausbildet, ein Polyolefin
umfasst oder aus einem solchen besteht, wie etwa
Polypropylen, Polyethylen, wie etwa Polyethylen mit
hoher Dichte, Polyethylen mit niedriger Dichte oder
vernetztes Polyethylen, oder Polyethylenterephtha-
lat, Polyethylennaphthalat oder Sulfon-Kunststoff,
wie etwa Polyethersulfon (PES),
Polyphenylensulfid (PPS) und Polysulfon (PSU),
oder Polycarbonat, Poly(methylmethacrylat), Polya-
ramid oder eine beliebige Mischung derselben.

Starkstromubertragungskabel nach Anspruch 8, wo-
bei das erste Polymermaterial als die Basisfolie (31;
31’) und das zweite Polymermaterial als ein Band
vorgesehen sind und wobei das Band (30; 30’) das
erste Polymermaterial als die Basisfolie (31; 31’) und
das zweite Polymermaterial als eine Beschichtungs-
schicht(32; 32’), die an der Basisfolie (31; 31’) haftet,
umfasst und wobei das zweite Polymermaterial ein
Heilschmelzmaterial ist.

Starkstromibertragungskabel nach einem der vor-
hergehenden Anspriiche, wobei das Isoliersystem
auRerdem in einem Kabelverbinder des Starkstrom-
Ubertragungskabels enthalten ist.

Verfahren zur Herstellung eines Starkstromibertra-
gungskabels (10; 20), das einen Leiter (1; 21) und
ein Isoliersystem (2; 22), das den Leiter (1; 21) um-
gibt, umfasst, wobei das Verfahren folgende Schritte
umfasst:

|. Bereitstellen eines Leiters (1; 21) fir das Stark-
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stromibertragungskabel (10; 20);

Il. Bereitstellen eines halbleitenden Materials,
das ein erstes Polymermaterial, das dazu ange-
ordnet ist, eine Basisfolie (31; 31’) auszubilden,
und ein zweites Polymermaterial, das dazu an-
geordnet ist, R&ume und/oder jegliche Leerrau-
me in dem Isoliersystem auszufillen, umfasst,
und Aufbringen des halbleitenden Materials auf
den Leiter durch spiralférmiges Wickeln wenigs-
tens der Basisfolie (31; 31’) aus dem halbleiten-
den Material, sodass sieden Leiter (1;21’) radial
umgibt, und durch Anordnen des zweiten Poly-
mermaterials dazu, Raume und/oder jegliche
Leerraume auszufillen, und somit Bereitstellen
einer ersten halbleitenden Abdeckung (4; 24)
und eines Kabelkorpers, der den Leiter (1; 21)
und die erste halbleitende Abdeckung (4; 24)
umfasst;

I1l. Bereitstellen eines Isoliermaterials, das ein
erstes Polymermaterial, das dazu angeordnet
ist, eine Basisfolie (31; 31’) auszubilden, und ein
zweites Polymermaterial, das dazu angeordnet
ist, R&ume und/oder jegliche Leerraume in dem
Isoliersystem auszufiillen, umfasst, und Auf-
bringen des Isoliermaterials durch spiralférmi-
ges Wickeln wenigstens der Basisfolie (31; 31’)
aus dem Isoliermaterial, so dass sie den Kabel-
korper radial nach auRen umgibt, und durch An-
ordnen des zweiten Polymermaterials dazu,
Raume und/oder jegliche Leerrdume auszufiil-
len, und somit Bereitstellen eines Kabelkorpers,
der ferner eine Isolierabdeckung (5; 25) um-
fasst;

IV. spiralférmiges Wickeln wenigstens der Ba-
sisfolie (31; 31’) aus dem halbleitenden Material,
so dass sie die Isolierabdeckung (5; 25) umgibt,
und durch Anordnen des zweiten Polymerma-
terials dazu, R&ume und/oder jegliche Leerrau-
me auszufillen, um einen Kabelkdrper mit ei-
nem Isoliersystem (2; 22), das ferner eine zweite
halbleitende Abdeckung (6; 26) umfasst, bereit-
zustellen;

V. optional Bereitstellen von Schutzmaterialien,
um das Isoliersystem (2; 22) abzudecken, wie
etwa Bewehrungs- und/oder Schutzummante-
lungen;

wobei das erste Polymermaterial und das zweite Po-
lymermaterial  unterschiedliche  physikalische
und/oder chemische Eigenschaften aufweisen und
wobei das zweite Polymermaterial ein klebendes
Material ist.

Verfahren nach Anspruch 11, wobei die Isolierabde-
ckung wenigstens zwei Schichten aus Isoliermate-
rial umfasst und wobei die erste und zweite halblei-
tende Abdeckung wenigstens zwei Schichten aus
halbleitendem Material umfassen.
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Verfahren nach Anspruch 11 oder 12, wobei wah-
rend der Schritte Il) bis 1V) der Starkstromubertra-
gungskabel-Kérper einem Schritt mit erhdhter Tem-
peratur, Strahlung oder erhéhtem Druck ausgesetzt
wird, um das zweite Polymermaterial zu aktivieren,
so dass es die Rdume und die Leerrdume in dem
Isoliersystem ausfillt.

Verfahren nach einem der Anspriiche 11 bis 13, wo-
bei das halbleitende und/oder das Isoliermaterial in
Form eines Bandes (30; 30°) vorliegt/vorliegen.

Verfahren nach einem der Anspriiche 11-14, wobei
das erste Polymermaterial, das die Basisfolie (31;
31’) ausbildet, in Form eines Bandes (30; 30’) be-
reitgestellt wird, das spiralférmig um den Leiter (1;
21) oder den Kabelkoérper, der den Leiter (1; 21) und
die erste halbleitendes Abdeckung (4; 24) und opti-
onal die Isolierabdeckung (5; 25) und optional die
zweite halbleitende Abdeckung (6; 26) umfasst, ge-
wickelt wird, und wobei das zweite Polymermaterial
wahrend des Wickelns in flissiger Form aufgebracht
wird.

Revendications

1.

Cable de transmission d’énergie (10 ;20) compre-
nant un conducteur (1 ;21) et un systéme d’isolation
(2;22), dans lequel le systéme d'isolation (2 ;22)
comprend :

- un premier couvercle semi-conducteur (4 ;24)
comprenant une couche de matériau semi-con-
ducteur entourant radialement le conducteur
(1;21);

- un couvercle isolant (5 ;25) comprenant une
couche de matériau isolant entourant le premier
couvercle semi-conducteur (4 ;24) radialement
vers 'extérieur ;

- un seconds couvercle semi-conducteur (6 ;26)
comprenant une couche de matériau semi-con-
ducteurentourantle couvercle d’isolation (5 ;25)
radialement vers I'extérieur ;

dans lequel le matériaux semi-conducteur et le ma-
tériau d’isolation comprennent un premier matériau
polymeére disposé afin de former un film de de base
(31; 31’) et un second matériau polymere disposé
afin de remplir des espaces et/n'importe quels vides
dans le systéme d’isolation,

danslequelle premier matériau polymere etle seront
matériau polymére ont des propriétés physiques
et/ou chimiques différentes,

dans lequel le second matériau polymere est un ma-
tériau adhésif, et

dans lequel au moins le premier matériau polymeére
qui forme le film de base (31 ;31’) du matériau semi-
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conducteur et le matériau d’isolation est enroulé de
maniére hélicoidale autour du conducteur (1 ;21) ou
un corps de cable comprenant le conducteur (1 ;21)
et au moins le premier couvercle semi-conducteur
(4 ;24).

Cable de transmission d’énergie selon la revendica-
tion 1, dans lequel le couvercle isolant comprend au
moins deux couches de matériau d’isolation et dans
lequel le premier et le second couvercle semi-con-
ducteur comprend au moins deux couches de ma-
tériau semi-conducteur.

Cable de transmission d’énergie selon une quelcon-
que des revendications 1 a 2, dans lequel le premier
matériau polymere en tant que film de base (31 ; 31°)
est fourni sous forme d’un ruban et le second maté-
riau polymere est fourni sous forme d’un liquide ou
un semi solide.

Cable de transmission d’énergie selon une quelcon-
que des revendications 1 a 3, dans lequel le premier
matériau polymere en tant que film de base (31 ; 31°)
et/ou le second matériau polymere sont fournis sous
forme d’un ruban.

Cable de transmission d’énergie selon la revendica-
tion 4, dans lequel le ruban (30 ; 30’) comprend le
premier matériau polymeres en tant que film de base
(31; 31°) et le second matériau polymere comme
une couche de revétement (32 ;32’) collée au film
de base (31 ;31).

Cable de transmission d’énergie selon une quelcon-
quedesrevendications 4 a5, dans lequel I'épaisseur
du second matériau polymeére est de 1 a 300 um.

Cable de transmission d’énergie selon une quelcon-
que des revendications précédentes, dans lequel
I'épaisseur du film de base est de 1 a 300 pm.

Cable de transmission d’énergie selon une quelcon-
que des revendications précédentes, dans lequel le
premier matériau polymere formant le film de base
comprend ou est constitué d’une polyoléfine, tel que
du polypropyléne, polyéthylene, tel qu’un polyéthy-
lene a haute densité, un polyéthylene a basse den-
sité ou un polyéthyléne réticulé, ou un polyéthyléne
téréphtalate, polyéthylene naphphtalate ou plasti-
que sulfoné, tel que du polyéthersulfone (PES), sul-
fure de polyphényléne (PPS) et polysulfone (PSU),
ou du polycarbonate, poly(méthyl métacrylate), po-
lyaramide ou n’'importe quel mélange de ces der-
niers.

Cable de transmission d’énergie selon la revendica-
tion 8, dans lequel le premier matériau polymére en
tant que film de base (31 ; 31’) et le second matériau
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polymeére sont fournis sous forme d’'un ruban et dans
lequel le ruban (30 ; 30’) comprend le premier ma-
tériau polymeére de film de base (31 ; 31’) etle second
matériau polymere comme une couche de revéte-
ment (32 ; 32’) collée au film de base (31; 31’) et
dans lequel le second matériau polymere est un ma-
tériau fondu a chaud.

Cable de transmission d’énergie selon une quelcon-
que des revendications précédentes, dans lequel le
systeme d’isolation est additionnellement compris
dans un joint de cable du cable de transmission
d’énergie.

Processus pour la production d’'un cable de trans-
mission d’énergie (10 ; 20) comprenant un conduc-
teur (1 ; 21) et un systéme d’isolation (2 ; 22) entou-
rantle conducteur (1 ; 21), dans lequel le processus
comprend les étapes consistant a :

I. fournir un conducteur (1 ; 21) pour le cable de
transmission d’énergie (10 ; 20) ;

I1. fournir un matériau semi-conducteur compre-
nant un premier matériau polymeére disposé afin
de former un film de base (31 ; 31’) et un second
matériau polymére agencé pour remplir des es-
paces et/ou n’importe quels vides dans le sys-
téme d’isolation et appliquer le matériau semi-
conducteur sur le conducteur en enroulant la
maniére hélicoidale au moins le film de base
(31; 31’) du matériau semi-conducteur afin
d’enrouler radialement le conducteur (1 ; 21) et
en disposant le second matériau polymeéres afin
de remplirdes espaces et/n‘importe quels vides,
et fournir ainsi un premier couvercle semi-con-
ducteur (4 ; 24) etun corps de cable comprenant
le conducteur (1; 21) et le premier couvercle
semi-conducteur (4 ; 24) ;

Ill. fournir un matériau d’isolation comprenant
un premier matériau polymeére disposé afin de
former un film de base (31 ; 31’) et un second
matériau polymere agencé pour remplir 'espa-
ce et/ou n'importe quels vides dans le systeme
d’isolation, et appliquer le matériau d’isolation
en enroulant de maniere hélicoidale au moins
le film de base (31 ; 31’) du matériau isolant afin
d’entourer le corps de cable radialement vers
extérieur et en disposant le second matériau po-
lymére afin de remplir des espaces et/ou n'im-
porte quels vides, et ainsi fournir un corps de
cable comprenant en outre un couvercle d’iso-
lation (5 ; 25) ;

IV. enrouler de maniére hélicoidale au moins le
film de base (31 ; 31) du matériau semi-conduc-
teur afin d’enrouler le couvercle d’isolation (5 ;
25) etagencerle second matériau polymere afin
de remplir des espaces et/ou n’importe quels
vides afin de fournir un corps de cable avec un
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systéme d’isolation (2 ; 22) comprenant en outre
un second couvercle semi-conducteur (6 ; 26) ;
V. fournir optionnellement des matériaux pro-
tecteurs pour couvrir le systeme d’isolation (2 ;
22) tel qu’'un blindages et/ou des gaines
protectrices ;

dans lequel le premier matériau polymeére et le se-
cond matériau polymeéres ont des propriétés physi-
ques et/ou chimiques différentes et dans lequel le
second matériau polymere est un matériau adhésif.

Processus selon la revendication 11, dans lequel le
couvercle d’isolation comprend au moins deux cou-
ches de matériaux d’isolation et dans lequel le pre-
mier et le second couvercle semi-conducteurs com-
prennent au moins deux couches de matériau semi-
conducteur.

Processus selon la revendication 11 ou 12, dans le-
quel pendant les étapes Il) a IV) le corps de céable
de transmission d’énergie est soumis a une tempé-
rature accrue, un rayonnement accru ou une étape
de pression accrue pour activer le second matériau
polymeéres de sorte qu’il remplisse les espaces et
les vides dans le systéme d’isolation.

Processus selon une quelconque des revendica-
tions 11 a 13, dans lequel le matériau semi-conduc-
teur et/ou le matériau d’isolation prennent la forme
d’un ruban (30 ; 30°).

Processus selon une quelconque des revendica-
tions 11-14, dans lequel le premier matériau poly-
meére formant le film de base (31 ; 31’) est fourni sous
la forme d’'un ruban (30 ; 30’) qui est enroulé de ma-
niére hélicoidale autour du conducteur (1 ;21) oudu
corps de cable comprenant le conducteur (1 ; 21) et
le premier couvercle semi-conducteur (4 ; 24) et op-
tionnellement le couvercle d’isolation (5 ; 25) et op-
tionnellement le second couvercle semi-conducteur
(6 ; 26), etdans lequel le second matériau polymeres
est appliqué sous forme liquide pendant'emballage.
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