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Description

[0001] The presentinvention relates to a power cable
suited for dynamical submarine high voltage power ca-
bles having a sealed laminate water barrier.

Background

[0002] Electrical high voltage cables contain one or
more electrically insulated current carrying conductors
atits core section. However, intrusion of humidity or water
into the core section may cause electrical breakdown of
the insulation system making it vital to keep the current
carrying core of high voltage power cables dry. High volt-
age power cables are therefore typically equipped with
a circumferentially arranged water-tight layer sealing off
the current carrying parts of the power cable towards
ambient moisture/water.

Prior art

[0003] The water-barrier layer typically comprises a
layer of a metal. Lead/lead-alloys are commonly applied.
However, lead is a high-density materiel adding signifi-
cant weight to the cable. The heavy weight induces extra
costs in the entire value chain from production, under
transport, storage, deployment, and when the cable is
discarded after reaching its lifetime. Lead is also a neu-
rotoxic material meeting increasing environmental regu-
lation restrictions. Furthermore, lead has a relatively low
fatigue resistance making leaden water barriers less suit-
ed for dynamical power cables.

[0004] A known alternative to lead screens/water bar-
riers is the use of high resistance metallic screens or
metal polymer laminates. These screen types have a
high per-unit-length resistance, which is excellent for ca-
blesinoperation as induced currents are smalland hence
also the losses occurring in them. However, these alter-
native water barriers still have an unacceptable risk of
failure for example because itis difficult to identify defects
in production such as e.g. pinholes in the metal, bad ad-
hesion between the layers, insufficient melting of the pol-
ymeric layers to seal the construction etc.

[0005] EP 4 016 552 A1 discloses a lead-free water
barrier suited for dynamical submarine high voltage pow-
er cables wherein the water barrier comprises a laminate
structure, and wherein the laminate foil comprises a met-
al foil having an inner and an upper surface area, a first
layer of a thermosetting semiconducting polymer laid on-
to the first adhesive layer, and a second layer of a ther-
mosetting semiconducting polymer laid onto the second
adhesive layer, and wherein the laminate foil is thermally
joined by a heat treatment.

[0006] Itis however, when applying laminate foil types,
arisk that moisture may over time pass through the water
barrier and enter the current carrying parts of the power
cable by migrating through the polymer layer bonding
together the wrapped and overlaid parts of the laminate
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type water barrier.
Objective of the invention

[0007] The main objective of the invention is to provide
alow weight water barrier suitable for high-voltage power
cables.

Description of the invention

[0008] The present invention is based on the realisa-
tion that the exposed polymer parts of a laminate type
water barrier may be safely sealed by depositing a metal
layer onto at least the layers of wrapped laminate struc-
ture.

[0009] Thus, in a first aspect, the invention relates to
a power cable comprising:

a cable core 1 comprising at least one conductor 2
with an insulation system 3 with an insulation system
(3) encapsulating the conductor 2, and

a water barrier system 4 encapsulating said cable
core 1 and/or said insulation system 3 of each of the
at least one conductor 2,

wherein
said water barrier system 4 comprises a laminate foil
5 comprising:

- a first metal layer 6 having an inner 7 and an
upper 8 surface area,

- afirst layer of a thermosetting semiconducting
polymer 9 laid onto the inner 7 surface area of
the metal foil 6, and

- a first 13 and a second 14 longitudinal side-
edge,

and wherein
said laminate foil 5 is

- folded/wrapped with an overlap around the ca-
ble core 1 and/or the insulation system 3 of each
of the at least one conductor 2 such that a part
of the laminate foil 5 is overlaid by another part
of the laminate foil 5 making an outmost first 13
or second 14 longitudinal side-edge being un-
covered by the folded/wrapped laminate foil 5,
and

- thermally joined by a heat treatment,

characterised in that

the water barrier system further comprises a 0.1 to
100 pm thick layer of a second metal 12 deposited
onto and covering at least said outmost first 13 or
second 14 longitudinal side-edge being uncovered
by the folded/wrapped laminate foil 5.

[0010] The term "electric conductor" as used herein
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refers to the current carrying inner core of the power ca-
ble. The invention may apply any known or conceivable
current carrying inner core known to the skilled person
being suited to carry/transport electric current, including
but not limited to a single strand of an electrically con-
ductive material, a plurality of strands of an electrically
conductive material arranged in a bunt, etc. In the latter
case of applying an electric conductor comprising a bunt
of strands, the space in-between the strands of electri-
cally conductive material may be occupied by a semicon-
ducting filler compound. The electric conductor may in
further example embodiments also comprise a semicon-
ducting conductor screen arranged radially around and
encompassing the single strand or bunt of strands. Ex-
amples of materials being suited as the current carrying
strand(s) of the electric conductor of power cables in-
clude, but are not limited to; Cu, Cu-alloy, Al, or an Al-
alloy. In practice, the electrically conductive material be-
ing applied as conductor(s) in power cables may advan-
tageously have an electric conductivity of atleast4.8-106
S/m at 20 °C, preferably of at least 1.0-107 S/m at 20 °C
and most preferably of at least 3.6-107 S/m at 20 °C.
[0011] Each conductor of power cables should be in-
dividually electrically insulated. This is typically obtained
by covering the surface of the conductor by a layer of an
electric insulating material, i.e. to make the conductor
being sheathed in the electrically insulating material. The
invention may apply any known or conceivable material,
including dielectric materials, known to the skilled person
as being suited as insulation of the current carrying con-
ductor(s) of power cables. In practice the electric con-
ductivity of the material being applied as insulation may
advantageously have an electric conductivity of less than
10-14 S/m at 20 °C, preferably less than 10-16 S/m at 20
°C, preferably less than 10-18 S/m at 20 °C, and most
preferably less than 10-20 S/m at 20 °C. Examples of
materials suited for being applied to form the electric in-
sulation of the conductor(s) include, but are not limited
to; ethylene propylene rubber (EPR), ethylene propylene
diene monomer (EDPM), rubber, polyethylene (EP),
polypropylene (PP), polyurethane (PUR), cross-linked
polyethylene (XLPE), and mass-impregnated (M) paper.
The insulation effect of the insulating material depends
on the thickness of the layer of insulating material. In
general, the higher voltage of the electric current in the
conductor, the more insulation is needed. The determi-
nation of amount of insulating material required to elec-
trically insulate a conductor is within the ordinary skills
of the person skilled in the art.

[0012] The term "cable core" as used herein refers to
the interior part of power cables containing the electrically
insulated current carrying conductor(s) of the power ca-
ble. If more than one cable core is present, the cable core
usually also contains one or more spacers arranged and
adapted to provide the cable core with a circular cross-
section. The cable core may also further comprise signal
cables, optic fibres, and/or any other component known
to the skilled person suited for being located in a cable
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core. Thus, the term "a water barrier system encapsulat-
ing said cable core" as used herein means that the water
barrier system is laid onto and around the outer surface
of the cable core to form a watertight enclosure of the
interior of the cable core preventing water and/or mois-
ture from penetrating into the cable core.

[0013] According to the first aspect of the invention,
the water barrier system may be applied to encapsulate
the cable core, alternatively encapsulating the cable core
and each of the at least one electrically insulated con-
ductors, or alternatively (only) encapsulating each of the
atleastone electrically insulated conductors of the power
cable.

[0014] The term "metal foil" as used herein, refers to
the metal layer of the laminate foil 5. The invention is not
tied to use of any specific metal/metal alloy or thickness
of the metal foil. Any metal/metal alloy at any thickness
known to be suited for use in water barriers in power
cables by the skilled person may be applied. In one ex-
ample embodiment, the metal foil is either an Al/Al-alloy
such as forexample an AA1xxx series, an AA5xxx series
or an AAG6xxx series alloy according to the Aluminium
Association Standard, or a Cu/Cu-alloy such as for ex-
ample pure Cu, a CuNi-alloy or a CuNiSi-alloy, or a
Fe/Fe-alloy, such for example stainless alloy SS316 or
S$32750. The thickness of the metal foil (shown as curly
bracket t, in figure 1 b)) may in an example embodiment
be in one of the following ranges; from 10 to 250 um,
preferably from 15 to 200 wm, more preferably from 20
to 150 wm, more preferably from 25 to 100 wm, and most
preferably from 30 to 75 um.

[0015] In one example embodiment, the adherence
between the metal foil and the first and second thermo-
setting semiconducting polymer may be enhanced by ap-
plying a first adhesive laid onto and covering less than
100 %, such as from 5 to 95 % of the inner surface area
of the metal foil, and a second adhesive layer laid onto
and covering less than 100 %, such as from 5 to 95 %
of the upper surface area of the metal foil. The adhesive
layers are laid in-between the metal foil and the thermo-
setting semiconducting polymer layers. Thus, the term
"adhesive layer laid onto and covering from 5 to 95 % of
the surface area of the metal foil" as used herein refers
to an adhesive applied to enhance the adherence be-
tween the metal foil and the semiconducting polymer lay-
er. In general, adhesives have relatively poor electrical
conductivities such that a layer of adhesive completely
covering the interface between the metal foil and the sem-
iconducting polymer may hamper the electric conductiv-
ity in the radial direction. Thus, according to the present
invention, the adhesive is to be applied with less than
complete coverage of the surface of the metal foil to en-
able direct contact between the metal foil and the semi-
conducting polymer. In practice atleast 5 % of the surface
area of the metal foil and correspondingly the semicon-
ducting polymer should be free of adhesive after appli-
cation of the laminate foil and at least 5 % of the surface
should be covered with adhesive after application of the
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laminate foil to ensure sufficient adhesion between the
metal foil and the semiconducting polymer, i.e. the ad-
hesive should cover the surface area of the metal foil in
the range of from 5 to 95 %, preferably from 10 to 90 %,
more preferably from 15 to 85 %, more preferably from
25 to 75 %, and most preferably from 50 to 75 %. The
incomplete covering of the adhesive layer may be ob-
tained by applying the adhesive in a raster pattern or in
any other manner known to the skilled person.

[0016] The invention may apply any adhesive known
to the skilled person being suited for attaching a polymer
layer to a metal surface. Examples of suited adhesives
includes, but is not limited, to; epoxy resins, phenolic res-
ins, polyurethane based glues, cyanoacrylates, acrylic
glues, polyester based glues, copolymer of ethylene and
ethyl acrylate, copolymer of ethylene and ethyl acrylic
acid, methacrylic acid, copolymer of ethylene and glycidyl
methacrylate or epoxy-based monomer such as 1,2-
epoxy-1-butene, and copolymer of ethylene and maleic-
anhydride. The above mentioned adhesives may be ap-
plied with or without electrically conductive particulates
providing the glue an enhanced electric conductivity.
[0017] Theterm "thermosetting polymer" as used here-
in means that the polymer material becomes pliable or
mouldable at certain elevated temperatures and there-
after solidifies upon cooling. The property of being ther-
mosetting, eventually combined with the incomplete cov-
erage of the adhesive, provides the advantage that an
improved electric contact between the metal foil and the
semiconducting polymer may be achieved by a heat
treatment causing the polymer to melt and then solidify
in intimate contact with non-glued parts of the surface of
the metal foil. This effectively reduces the electrical re-
sistance across the metal foil/'semiconducting polymer
interface in these non-glued area(s). The thickness of
the thermosetting semiconducting polymer (before ther-
mosetting) may in an example embodiment be in one of
the following ranges; from 25 to 300 um, preferably from
35 to 200 pm, more preferably from 40 to 150 wm, more
preferably from 50 to 100 wm, and most preferably from
50 to 75 pm.

[0018] The invention may apply any thermosetting
semiconductive polymer known to the skilled person be-
ing suited for use in power cables. Examples of suited
polymers includes, but is not limited, to; a polyethylene-
based material constituted of either low density polyeth-
ylene (LDPE), alinear low density polyethylene (LLDPE),
amedium density polyethylene (MDPE), or a high density
polyethylene (HDPE), or a copolymer of ethylene with
one or more polar monomers of; acrylic acid, methacrylic
acid, glycidyl methacrylate, maleic acid, or maleic anhy-
dride. The polymer is made semiconducting by addition
and homogenisation of 20 to 40 weight% particulate car-
bon in the polymer mass. Examples of suited particulate
carbon includes but is not limited to; comminuted petrol
coke, comminuted anthracite, comminuted char coal,
carbon black, carbon nanotubes, etc.

[0019] The term "wrapped around the cable core
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and/or the insulation system of each of the at least one
conductor" as used herein refers to possible alternatives
for protecting the current conducting part of the power
cable from intrusion of ambient moisture/- water. The wa-
ter barrier system according to the invention may be laid
around each of the insulated current conductors and/or
around the cable core containing one or more insulated
current conductors.

[0020] The term "folded/wrapped around such that an
underlaying part of the laminate foil is overlaid by an up-
per part of the laminate foil and leaving an outmost first
or second longitudinal side-edge uncovered by the
wrapped laminate structure" as used herein refers to the
consequence of folding/wrapping a laminate foil around
a cable core and/or an insulated conductor such that op-
posing side-edges of the laminate fold are overlapping
each other and forms a two-layered stack of laminate foil
at the overlapping part and, depending on the order of
folding/wrapping, makes either the first or the second lon-
gitudinal side-edge of the outermost laminate fold being
uncovered and thus potentially exposed to water/mois-
ture intrusion through the first layer of thermosetting sem-
iconducting polymer at the overlapping part. This is sche-
matically illustratedin e.g. figures 1a), 1b), and 2a), which
schematically illustrates an example embodiment of a
laminate foil 5 being helically wounded/wrapped around
the electric insulation system 3 of an electric conductor 2.
[0021] As seen on e.g. figure 1a) or 2a), the helical
wounding/wrapping results in a part of the deposited lam-
inate foil (marked with the stapled box labelled with roman
number I) of width w, is covered with the next wrapping
layer (marked with the stapled box labelled with roman
number Il) of laminate foil leaving the first longitudinal
side-edge 13 of the laminate foil "free" and thus exposed
to the ambient surroundings, while the second longitudi-
nal side-edge 14 is covered and protected by the over-
laying layer of laminate foil 5. Which of the first 13 or
second 14 side-edge which will be the outmost "free"
side-edge depends on the orientation of the helical wrap-
ping process. In figure 1a) the wrapping process pro-
ceeds from left to the right (on the figure), this makes the
first side-edge 13 being the outmost "free" side-edge.
However, if the wrapping process was made to proceed
in the opposite direction, it would be the second side-
edge 14 which would be the outmost "free" side-edge.
[0022] The above described example embodiment ap-
plies a helically wrapped laminate foil in the water barrier
system. In another example embodiment, the water bar-
rier system may comprise a laminate foil being longitu-
dinally folded around a cable core and/or an electric in-
sulation system of an electric conductor.

[0023] An example of the process for manufacturing
such an embodiment is illustrated schematically in fig-
ures 4a) and 4b). The figures are cross-sectional cut view
drawings. As seen on figure 4a), an electrically insulated
3 conductor 2 is in the process of being encapsulated by
a laminate foil 5 according to the invention which is lon-
gitudinally folded around electrically insulated 3 conduc-
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tor 2 the from the bottom to form the overlap at the top.
In this example embodiment, there is a swelling tape 11
laid onto the insulation system 3 of the conductor 2. Al-
ternatively, the longitudinally folded laminate foil 5 may
be folded around a cable core or around both the cable
core and the electrically insulated electric conductors of
the power cable. Figure 4b) is a close-up of the overlap-
ping edges which are to be pressed down towards the
underlying swelling tape 11. In this example embodiment,
the width, w, of the laminate foil needs to be larger than
the outer perimeter, p, of the cable core and/or the elec-
trically insulated conductor to make an enclosure. The
overlap width, wi, is in this case: wi = w - p, such that the
overlap may easily be made relatively large by simply
applying a wider laminate structure.

[0024] Thus, the term "leaving an outmost first or sec-
ond longitudinal side-edge uncovered by the fold-
ed/wrapped laminate foil" as used herein, refers to the
fact that either of the first or second longitudinal side-
edges of the laminate foil may be made the outmost edge
not covered by the wrapped/folded laminate foil.

[0025] An example embodiment of a typical process
for forming the wrapped laminate foil 5 of the water barrier
system 4 of the invention is schematically illustrated in
figure 1a). In this example embodiment, the wrapped
laminate foil 5 of the water barrier system 4 is in the proc-
ess of being applied onto a conductor 2 having an electric
insulation system 3. The figure illustrates the process as
seen from the side. As seen on the figure the laminate
tape has a width, indicated by double arrow marked with
"w" on the figure, being approximately twice the width of
the non-overlapped part of the previously deposited tape
layer. The non-overlapped part of the previously depos-
ited tape layer is indicated on the figure as a double arrow
marked "wi". An advantage of applying the laminate foil
in the form of a tape being helically wrapped around the
cable core is, apart from the laminate foil being easy and
cheap to produce, is that the tape form enables wrap-
ping/wounding the laminate around the cable core and/or
an insulated electric conductor with a tension to ensure
atight enclosure around the cable core and good contact
between deposited layers of laminate foil.

[0026] Figure 1b) is a drawing illustrating an example
embodiment of the laminate foil 5. The figure is a cut view
as seen from the side taken along the stapled line marked
with A-A’ in figure 1a). In this example embodiment, the
laminate foil 5 comprises a metal foil/layer 6 of thickness
t; and a semiconducting thermosetting polymer layer 9
of thickness t, (before thermosetting) on its inner surface
7.

[0027] In one embodiment, the ratio t4 : t, may prefer-
ably be at least 0.15, more preferably at least 0.16, more
preferably at least 0.17, more preferably at least 0.18,
more preferably at least 0.19, more preferably at least
0.20, more preferably at least 0.30, more preferably at
least 0.40, more preferably at least 0.50 and most pref-
erably atleast 1.00. In another embodiment, the ratio t; :
t, may be between 0.15 and 10. These thicknesses re-
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lates to before thermosetting. This difference in thickness
has the advantage of obtaining the required mechanical
reinforcement to make the water barrier fatigue resistant
and tolerate the cable being bended without the metal
foil layer becoming buckled. This feature is especially
advantageous for dynamical subsea power cables.
[0028] In another the example embodiment, the metal
layer 6 is made of a metal having an elastic modulus
lower than 210 GPa as measured according to ASTM
E111, and the layer 9 of semiconductive thermosetting
polymer has an elastic modulus higher than 0.5 GPa as
measured by ISO 527-1, -2 for polymers. This difference
in elastic modulus also as the advantageous effect of
obtaining the required mechanical reinforcement to make
the water barrier fatigue resistant and tolerate the cable
being bended without the metal foil layer becoming buck-
led.

[0029] In a further example embodiment, the laminate
foil 5 according to the water barrier system 4 applies a
metal folio/layer 6 of a thickness t; of a metal having an
elastic modulus lower than 210 GPa as measured ac-
cording to ASTM E111, and a semiconducting thermo-
setting polymer layer 9 of thickness t, and an elastic mod-
ulus higher than 0.5 GPa as measured by ISO 527-1, -2
for polymers, and wherein the ratio t, : t, may preferably
be atleast0.15, more preferably at least 0.16, more pref-
erably at least 0.17, more preferably at least 0.18, more
preferably at least 0.19, more preferably at least 0.20,
more preferably at least 0.30, more preferably at least
0.40, more preferably at least 0.50 and most preferably
at least 1.00.

[0030] In one embodiment, the laminate foil 5 may fur-
ther comprise a second thermosetting semiconducting
polymer layer 10 laid onto the upper surface 8 of the
metal foilllayer 6. The second thermosetting semicon-
ducting polymer layer 10 may advantageously otherwise
be equal to the first thermosetting semiconducting poly-
mer layer 9, i.e. are made of the same material and has
the same thickness t, as the first thermosetting semicon-
ducting polymer layer 9.

[0031] A metal layer is impervious to water. A water
barrier system 4 comprising a laminate foil 5 containing
a metal layer 6 and a first 9 and optionally a second 10
polymer layer being wrapped around a cable core 1
and/or an insulated 3 conductor 2 with some overlap, has
thus an excellent water barrier effect in radial direction
as illustrated schematically by the white arrows in figure
2a). Figure 2a) is a cut-view of a section including two
wrapped layers of the laminate foil 5 of the embodiment
shown in figure 1a) taken along the stapled line marked
with B-B’ in figure 1a). The two "wrappings" of the lami-
nate foil 5 is marked with a stapled square marked with
roman number | and I, respectively. As seen on figure
2a), water/moisture diffusing/migrating in radial direction
through the outer sheathings/layers (not shown on the
figure) of the power cable is effectively prevented from
penetrating into the interior 11 part containing the electric
conductor 2 and its electrical insulation system 3 by the
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metal layer 6 of the laminate foil 5 of the water barrier
system 4.

[0032] However, the upper layer of the wrapped lami-
nate foil 5, marked with the stapled box labelled with ro-
man number Il, has a side edge 13 where the first sem-
iconducting polymer layer 9 may be exposed to ambient
water/moisture. This might lead to a water intrusion into
the interior part 11 due to diffusion/migration in lateral
direction through the semiconducting thermosetting pol-
ymer layer 9 as indicated by the black arrow on figure
2a). The water barrier system 4 of the present invention
includes therefore a layer 12 of a second metal which is
deposited onto the folded/wrapped laminate foil 5 and
covering and thus sealing off at least the outmost first 13
or second 14 side-edge as indicated by the horizontally
oriented white arrow in figure 2b). The metal layer 12
may in one embodiment be deposited as a continuous
metal layer completely covering the outer surface of the
folded/- wrapped laminate foil 5 and thus forming a com-
plete water barrier on top of the laminate foil preventing
water intrusion in radial direction as well as in lateral di-
rection as indicated by the white arrows in figure 3b).
[0033] Thus, the term "the water barrier system further
comprises a layer of a second metal deposited onto and
covering at least said outermost first or second longitu-
dinal side-edge being uncovered by the folded/wrapped
laminate foil" as used herein, means that at least the
"free" longitudinal side-edge of the outmost layer of the
folded/- wrapped laminate foil is covered and thus sealed
off towards ambient moisture/water in the surroundings
of the cable core and/or insulated electric conductor by
the second metal layer.

[0034] The embodiment shown in figures 3a) and 3b)
involves an example embodiment of the laminate foil 5
including a second semiconducting thermosetting poly-
mer layer 10.

[0035] The stapledline marked C-C’infigures 2a), 2b),
3a), and 3b) is a symmetry line indicating that the cut
view should also include a "lower half which is omitted
in the figures for the sake of clarity.

[0036] Figure 5is a cut-view drawing schematically il-
lustrating a typical construction of a three-phase power
cable. As seen on the figure, each electric conductor 2
typically comprises a plurality of strands bundled togeth-
er. Each bundle of strands is radially encapsulated by an
electric insulation system 3. Inthis example embodiment,
the water barrier system 4 (shown as a single layer for
the sake of clarity in the figure) is laid onto the electric
insulation system 3 of each conductor 2. The three elec-
trically insulated and water intrusion protected conduc-
tors 2 are bundled together with three spacers 24 as
shown on the figure to obtain a circular cross-section.
l.e. the spacers 24 are adapted to fill the space between
adjacent electrically insulated and water intrusion pro-
tected conductors 2 and provide an overall cylindrical
geometry of the cable. Said arrangement of three con-
ductors 2 (with insulation 3 and water protection 4) and
three spacers 24 constitutes the cable core 1 as indicated
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by the stapled parenthesis. Typically, there will be a sem-
iconductive layer 21 onto the cable core to conduct ca-
pacitive charges induced in the cable, an armoring 22
and an outer polymer sheathing 23. In the case of apply-
ing the water barrier system 4 according to the invention
on the cable core 1, the water barrier system 4 would in
this example embodiment typically be laid onto the sem-
iconductive layer 21.

[0037] The use of a laminate foil 5 comprising a first
metal layer/foil 6 and a first 9 and optionally a second 10
semiconducting thermosetting polymer layer 9 has the
advantage that all layers of the laminate foil are electri-
cally conductive enabling radially carrying out capacitive
charges and currents induced by the electromagnetic
fields of the core section of the power cable.

[0038] The term "the laminate foil is thermally joined
by a heat treatment" as used herein means that after
wrapping the laminate foil 5 around the cable core 1
and/or each of the electrically insulated 3 conductor(s)
2, that the laminate foil is heat treated to a temperature
at which the thermosetting semiconducting polymer layer
9, 10 melts and then cooled to the solid state. If a poly-
ethylene based polymeris applied, the temperature treat-
ment needs typically to increase the temperature of the
laminate foil to 120 °C - 130 °C to melt the polymer.
[0039] In one embodiment, the thermosetting heat
treatment of the wrapped laminate foil may be obtained
by extrusion of a third semiconducting polymer layer at
an extrusion temperature of around 200 °C. The heat
from the molten third semiconducting polymer exiting the
extruder fuses the semiconducting thermosetting poly-
mer layers 9, 10 of the laminate foil 5 below so that the
adjacent semiconducting polymer layers of overlapping
laminate foil edges are fused ’ together and seals the
water barrier. In other example embodiments, the heat
treatment for thermally joining the laminate foil may be
obtained by application of hot air, radiation (e.g. laser,
IR) or induction. The third semiconducting polymer layer
may be deposited (by extrusion) onto the wrapped lam-
inate foil 5 after deposition of the second metal layer 12,
i.e. on top of the second metal layer 12. Alternatively, the
third semiconductive polymerlayer may be deposited on-
to the wrapped laminate foil before deposition the second
metal layer, and thus be laid in-between the laminate foil
5 and the second metal layer.

[0040] The term "semiconducting" as used herein re-
fers to an electric conductivity in the range from 10-4 to
105 S/cm.

[0041] The outer layer of the laminate foil 5, with or
without a third semiconductive polymer layer applied by
extrusion, is electrically conductive. This has the advan-
tage of enabling depositing the second metal layer 12 by
electrodeposition. This may be achieved by successively
submerging and moving sections of a cable core 1 ora
conductor 2 having the laminate foil and eventually a third
semiconducting polymer layer thereon through an elec-
trodeposition bath containing a dissolved metal and a
galvanic anode made of the same metal as the dissolved
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metal of the electrodeposition bath. Then by applying a
voltage to the outer conducting layer of the cable core 1
or the conductor 2 being moved through the bath and the
galvanic anode which makes the said outer conducting
layer acting as a cathode, dissolved metal ions in the
electrodeposition bath will be reduced and deposit as a
metal layer onto the outer surface of the part of the cable
core 1 or the conductor 2 which is passing through the
electrodeposition bath.

[0042] In the case of making a second metal layer 12
in copper, the galvanic electrode is made of Cu and the
electrodeposition bath is a copper sulphate solution. Al-
ternatively, the second metal layer may be made by elec-
trodepositing nickel and/or cobalt.

[0043] In one embodiment, the electrodeposition may
include use of backing plates deposited onto the fold-
ed/wrapped laminate structure, with or without a third
semiconductive polymer layer to separate the semicon-
ductive layer (and remaining insulating system) from di-
rect contact with the electrolyte. The backing plates may
e.g. be made of copper, nickel, or other metal.

[0044] In a second aspect, the invention relates to a
method of forming a water barrier 4 on a cable core 1
and/or an electrically insulated 3 conductor 2 of a power
cable, wherein the method comprises:

applying a laminate foil 5 comprising:

- a first metal layer 6 having an inner 7 and an
upper 8 surface area,

- afirst layer of a thermosetting semiconducting
polymer 9 laid onto the inner 7 surface area of
the metal foil 6, and

- a first 13 and a second 14 longitudinal side-
edge,

folding/wrapping the laminate foil 5 with an overlap
around either the cable core 1 and/or the insulation
system 3 of each of the atleast one conductor 2 such
that a part of the laminate foil 5 is overlaid by another
part of the laminate foil 5 making an outmost first 13
or second 14 longitudinal side-edge being uncov-
ered by the folded/wrapped laminate foil 5, and

either:

- thermosetting said wrapped laminate foil 5 by
heating it to a temperature of 150 to 200 °C, and

- depositing by electrodeposition a 0.1 to 100 um
thick layer of a second metal 12 onto said third
semiconducting polymer layer to at least cover-
ing the outmost first 13 or second 14 longitudinal
side-edge of the folded/wrapped laminate foil,

or:

- depositing by electrodeposition a 0.1 to 100 um
thick layer of a second metal 12 onto the fold-
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ed/wrapped laminate foil 5, and

- thermosetting said wrapped laminate foil 5 by
heating it to a temperature of 150 - 200 °C.

- thermosetting said wrapped laminate foil 5 by
extruding at an extrusion temperature of around
200 °C a third semiconducting polymer layer on-
to the said wrapped laminate foil 5,

List of figures
[0045]

Figure 1a) is a drawing schematically illustrating as
seen from the side of a an electrically insulated con-
ductor being covered with an example embodiment
of a laminate foil being part of the water barrier sys-
tem according to the invention.

Figure 1b) is a cut view drawing as seen from the
side taken along the stapled line marked as A - A’
on figure 1a), and which schematically illustrates the
stratigraphic structure of the example embodiment
of the laminate foil shown in figure 1a).

Figure 2a) is a cut view taken along the stapled line
marked as B - B’ on figure 1a) as seen from the side
of a section of the electrically insulated conductor
having the laminate foil being part of the water barrier
system according to the invention.

Figure 2b)is a cut view illustrating the same example
embodiment as shown in figure 2a) but after depo-
sition of a second metal layer completing the water
barrier system according to the invention.

Figures 3a) and 3b) are cut views showing a similar
embodiment as shown in figures 2a) and 2b), but
with a laminate foil containing a semiconducting pol-
ymer film on both sides of the first metal layer.

Figures 4a) is a cross-sectional cut view drawing il-
lustrating a process for manufacturing a water-bar-
rier system according to the invention around a con-
ductor.

Figure 4b) is a cut-view drawing showing a close-up
of the overlapping edges shown in figure 4a).

Figure 5 is a cut view drawing illustrating the typical
construction of a three-phase power cable.

Claims
1. A power cable comprising:

acable core (1) comprising at least one conduc-
tor (2) with an insulation system (3) encapsulat-
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ing the conductor (2), and

a water barrier system (4) encapsulating said
cable core (1) and/or said insulation system (3)
of each of the at least one conductor (2),
wherein

said water barrier system (4) comprises a lam-
inate foil (5) comprising:

- a first metal layer (6) having an inner (7)
and an upper (8) surface area,

- a first layer of a thermosetting semicon-
ducting polymer (9) laid onto the inner (7)
surface area of the metal foil (6), and

- afirst (13) and a second (14) longitudinal
side-edge,

and wherein
said laminate foil (5) is

-folded/wrapped with an overlap around the
cable core (1) and/or the insulation system
(3) of each of the at least one conductor (2)
such that a part of the laminate foil (5) is
overlaid by another part of the laminate foil
(5) making an outmost first (13) or second
(14) longitudinal side-edge being uncov-
ered by the folded/wrapped laminate foil (5),
and

- thermally joined by a heat treatment,

characterised in that

the water barrier system further comprises a 0.1
to 100 wm thick layer of a second metal (12)
deposited onto and covering at least said out-
most first (13) or second (14) longitudinal side-
edge being uncovered by the folded/wrapped
laminate foil (5).

2. The power cable according to claim 1, wherein
the first metal layer (6) is either:

aluminium,

an aluminium alloy of the AA1xxx series,AA5xxx
series or the AA6xxx series according to the Alu-
minium Association Standard,

copper

a copper-alloy

a CuNi-alloy

a CuNiSi-alloy,

iron

a Fe-alloy

stainless steel alloy SS316 or

stainless steel alloy S32750.

3. The power cable according to claim 1 or 2, wherein
the thickness, t4, of the first metal layer (6) is in one
ofthe followingranges; from 10 to 250 pum, preferably
from 15 to 200 wm, more preferably from 20 to 150
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pm, more preferably from 25 to 100 pm, more pref-
erably from 30 to 75 pm, and most preferably from
15to 20 pm.

4. The power cable according to any preceding
claim, wherein the laminate foil (5) further comprises
a second semiconducting thermosetting polymer
layer (10) laid onto the upper (8) surface of the metal
layer (6).

5. The power cable according to claim 3 or 4, wherein
the thickness, t,, of the first (9) and if present, the
second (10) semiconducting thermosetting polymer
layer is adapted to make the ratio t; : t, to be at least
0.15, more preferably at least 0.16, more preferably
at least 0.17, more preferably at least 0.18, more
preferably at least 0.19, more preferably at least
0.20, more preferably at least 0.30, more preferably
at least 0.40, more preferably at least 0.50 and most
preferably at least 1.00, where the thickness t, is
before thermosetting the laminate foil (5).

5. The power cable according to any preceding
claim, wherein the laminate foil (5) further comprises
a first adhesive laid onto the inner (7) surface area
ofthe metalfoil/layer (6) and a second adhesive layer
laid onto the upper (8) surface area of the metal
foil/layer (6), and wherein the first and the second
adhesive layers, after wrapping of the laminate struc-
ture, cover less than 100 %, such as from 5 to 95 %,
preferably from 10 to 90 %, more preferably from 15
to 85 %, more preferably from 25 to 75 %, and most
preferably from 50 to 75 % of the surface area (7, 8)
of the metal foil/layer (6).

6. The power cable according to claim 5, wherein
the adhesive of the first and or second adhesive layer
is chosen from one of: epoxy resins, phenolic resins,
polyurethane based glues, cyanoacrylates, acrylic
glues, polyester based glues, copolymer of ethylene
and ethyl acrylate, copolymer of ethylene and ethyl
acrylic acid, methacrylic acid, copolymer of ethylene
and glycidyl methacrylate or epoxy-based monomer
such as 1,2-epoxy-1-butene, and copolymer of eth-
ylene and maleic-anhydride.

7. The power cable according to any of claims 5 or
6, wherein the adhesive of the first and or second
adhesive layer contains electrically conductive par-
ticles.

8. The power cable according to any preceding
claim, wherein the first (9) and the second (10) layer
of a semiconducting thermosetting polymer is cho-
sen from one of: a low density polyethylene (LDPE),
alinear low density polyethylene (LLDPE), a medium
density polyethylene (MDPE), or a high density pol-
yethylene (HDPE), or a copolymer of ethylene with
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one or more polar monomers of; acrylic acid, meth-
acrylic acid, glycidyl methacrylate, maleic acid, or
maleic anhydride.

9. The power cable according to claim 8, wherein
the first (9) and the second (10) layer of semicon-
ducting thermosetting polymer contains from 20 to
40 weight% particulate carbon in the polymer mass
chosen from one of; comminuted petrol coke, com-
minuted anthracite, comminuted char coal, carbon
black, or carbon nanotubes.

10. The power cable according to any preceding
claim, wherein one or both of the semiconducting
thermosetting polymer layers (9, 10) further compris-
es a second polymer layer of polyethylene-tereph-
thalate, PET, or a polyester.

11. The power cable according to any preceding
claim, wherein the water barrier system (4) further
comprises an third semiconducting polymer layer
laid either directly onto the laminate foil (5) or onto
the second metal layer (12) by extrusion at an extru-
sion temperature of around 200 °C.

12. The power cable according to claim 11, wherein
the polymer material of the third semiconducting pol-
ymer layer contains until 40 weight% particulate car-
bon in the polymer mass, and where the particulate
carbon is one of; comminuted petrol coke, commi-
nuted anthracite, comminuted char coal, carbon
black, or carbon nanotubes.

13. The power cable according to any preceding
claim, wherein the first metal layer (6) is made of a
metal having an elastic modulus lower than 210 GPa
as measured according to ASTM E111, and the pol-
ymer of the first (9) and eventually the second (10)
semiconductive thermosetting layer(s) has/have an
elastic modulus higher than 0.5 GPa as measured
by ISO 527-1, -2 for polymers.

14. The power cable according to any preceding
claim, wherein the second metal layer (12) is made
of one of Co, Cu, or Ni.

15. The power cable according to any preceding
claim, wherein the layer of second metal (12) cover-
ing and encapsulating the folded/wrapped laminate
foil (5).

16. A method of forming a water barrier (4) on either
a cable core (1) or an electrically insulated (3) con-
ductor (2) of a power cable according to first aspect
of the invention, wherein the method comprises:

providing a laminate foil (5) comprising:
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- a first metal layer (6) having an inner (7)
and an upper (8) surface area,

- a first layer of a thermosetting semicon-
ducting polymer (9) laid onto the inner (7)
surface area of the metal foil (6),

-afirst 13 and a second 14 longitudinal side-
edge,

folding/wrapping the laminate foil (5) with an
overlap around either the cable core (1) and/or
the insulation system (3) of each of the at least
one conductor (2) such thatapart of the laminate
foil (5) is overlaid by another part of the laminate
foil (5) making an outmost first (13) or second
(14) longitudinal side-edge being uncovered by
the folded/wrapped laminate foil (5), and
either:

- thermosetting said folded/wrapped lami-
nate foil (5) by heating it to a temperature
of 150 to 200 °C, and

- depositing by electrodeposition a 0.1 to
100 pm thick layer (12) of a second metal
onto the folded/wrapped laminate foil to
cover at least the outmost first (13) or sec-
ond (14) longitudinal side-edge being un-
covered by the folded/wrapped laminate foil

(),
or:

- depositing by electrodeposition a 0.1 to
100 pm thick layer of a second metal (12)
onto the folded/wrapped laminate foil to
cover at least the outmost first (13) or sec-
ond (14) longitudinal side-edge being un-
covered by the folded/wrapped laminate foil
(5), and

- thermosetting said wrapped laminate foil
(5) by extruding at an extrusion temperature
of around 200 °C a third semiconducting
polymer layer onto the folded/wrapped lam-
inate foil (5) including the deposited layer
(12) of a second metal.

17. A method according to claim 16, wherein the lay-
er of second metal (12) is deposited to cover and
encapsulating the folded/wrapped laminate foil (5).
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Figure 4 b)
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