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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure generally relates to armoured submarine power cables.

BACKGROUND

[0002] Submarine power cables are subjected to tensional forces during installation. The
tensional forces arise due to the weight of the submarine power cable. Tensional forces also
arise due to the dynamic forces from vertical movement of the vessel carrying out the
installation, because of sea motion. Submarine power cables therefore normally have an
armouring. The armour typically comprises a plurality of metal wires which are wound helically
around the one or more power cores. The armour provides tension stability. Moreover, the
armour also provides mechanical protection of the submarine power cable from for example
installation tools and objects in the sea such as anchors.

[0003] The armouring may comprise one or more layers of armour wires. The number of
armour layers used depends on for example the cable size and/or installation depth. Single
layer armoured cables are typically used for moderate water depths. Advantages of single
layered armoured cables compared to double layer armour cables are that they are less heavy
and have a lower price. Double layer armour however provides a much better mechanical
protection against external force than single layer armour. In the case of double layer armour,
the wires of the two layers may be laid counterhelically. As a result, the torsional forces of the
two layers counterbalance or can even cancel each other out. Since single layer armoured
cables are not torsionally balanced, a higher load will be transferred to the conductor. In a
double layer armoured cable approximately 10-20% of the load is taken by the conductor(s),
whilst in a single layer armoured cable 60-80% of the load is normally taken by the
conductor(s). <insert page 2a>

SUMMARY

[0004] The mechanically weakest parts of a submarine power cable are the conductor joints.
The strength of the joints therefore set the limit with regards to the maximum allowed tension
on the cable.

[0005] In view of the above, a general object of the present disclosure is to provide a
submarine power cable which solves or at least mitigates problems of the prior art.

[0006] There is hence according to a first aspect of the present disclosure provided a
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submarine power cable according to independent claim 1 comprising: a power core including a
conductor, wherein the conductor has a conductor joint in a joint region of the power core, a
main armour layer comprising a plurality of main armour wires arranged around the power
core and extending in the axial direction of the power core, and a joint reinforcement armour
layer comprising a plurality of joint reinforcement armour wires axially locked relative to the
main armour wires, wherein the joint reinforcement armour layer is provided only in the joint
region and arranged layered with the main armour layer, the joint reinforcement armour layer
and the main armour layer thereby forming a dual-layer armour only in the joint region.

[0007] By providing a second armour layer only in the joint region, the submarine power cable
will be lighter and cheaper than a corresponding double layer armoured cable. Moreover, since
it includes less armouring than a double layer armoured cable, the present submarine power
cable has a smaller environmental footprint. The strength of the submarine power cable is
however significantly increased compared to a single layer armoured cable. In particular, the
strength of the submarine power cable is locally increased around the conductor joint and
reduces the load onto the conductor joint.

[0008] US2014367164 A1 discloses a power cable with a joint, having two armour layers
connected to the mechanical casing covering the joint.

[0009] US2894057 A discloses a submarine cable having anti kink armouring.
[0010] EP0450271 A2 discloses a method of armour jointing.
[0011] WO02/21654 discloses a method of restoring armouring on a cable.

[0012] The maximum allowed tension of the submarine power cable can thereby be increased,
and hence the installation depth can be increased.

[0013] The dual-layer armour is provided over and extends axially across the conductor joint.
The dual-layer armour hence extends axially from one side of the conductor joint to the other
side of the conductor joint.

[0014] The joint region has a limited extension in both axial directions from the conductor joint
relative to the total length of the submarine power cable. The joint region has a substantially
shorter axial extension than the length of the entire submarine power cable.

[0015] The majority of the length of the submarine power cable preferably only has the main
armour layer as armouring. Hence, preferably, the majority of the length of the submarine
power cable only has a single armour layer, i.e. the main armour layer.

[0016] One embodiment comprises a first metal ring arranged around the power core at an
axial distance from the conductor joint in a first axial direction of the conductor, wherein a first
axial end portion of each of the plurality of joint reinforcement armour wires, and the main
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armour wires are connected to the first metal ring.

[0017] The first metal ring may be made of the same material as the joint reinforcement
armour wires and the main armour wires. The first metal ring may for example comprise steel,
such as stainless steel or galvanised steel.

[0018] According to one example, the submarine power cable comprises a first metal ring and
the joint reinforcement armour wires are welded only to the first metal ring. The submarine
power cable is furthermore provided with a first radial stop structure configured to prevent axial
sliding of the first metal ring. The first radial stop structure may be a radial protrusion extending
peripherally around the main armour layer, for example created by layers of tape. The first
metal ring is in this example hence not welded to the main armour wires.

[0019] According to one example, a first axial end portion of the individual joint reinforcement
armour wires are welded directly to the main armour layer, in particular to main armour wires.

[0020] According to one example, submarine power cable comprises a first friction member,
wherein a first end portion of the joint reinforcement armour wires are axially locked relative to
the main armour wires by means of the first fricion member arranged around the joint
reinforcement armour wires. The first friction member may be configured to apply a radially
inwards directed pressure onto the joint reinforcement armour layer and the main armour
layer. The first friction member may for example be a rope or tape.

[0021] According to one embodiment the joint reinforcement armour wires and the main
armour wires are welded to the first metal ring.

[0022] One embodiment comprises a second metal ring arranged around the power core at an
axial distance from the conductor joint in a second axial direction of the conductor, the second
axial direction being opposite to the first axial direction, wherein a second axial end portion of
each of the plurality of joint reinforcement armour wires, and the main armour wires are
connected to the second metal ring.

[0023] The second metal ring may be made of the same material as the joint reinforcement
armour wires and the main armour wires. The second metal ring may for example comprise
steel, such as stainless steel or galvanised steel.

[0024] According to one example, the submarine power cable comprises a second metal ring
and the joint reinforcement armour wires are welded only to the second metal ring. The
submarine power cable is provided with a second radial stop structure configured to prevent
axial sliding of the second metal ring. The second radial stop structure may be a radial
protrusion extending peripherally around the main armour layer, for example created by layers
of tape. The second metal ring is in this example hence not welded to the main armour wires.

[0025] According to one example, a second axial end portion of the individual joint
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reinforcement armour wires are welded directly to the main armour layer, in particular to main
armour wires.

[0026] According to one example, submarine power cable comprises a second friction
member, wherein a second end portion of the joint reinforcement armour wires are axially
locked relative to the main armour wires by means of the second friction member arranged
around the joint reinforcement armour wires. The second friction member may be configured
to apply a radially inwards directed pressure onto the joint reinforcement armour layer and the
main armour layer. The second friction member may for example be a rope or tape.

[0027] The joint region may be the axially extending region delimited by the first metal ring and
the second metal ring.

[0028] According to one embodiment the joint reinforcement armour wires and the main
armour wires are welded to the second metal ring.

[0029] According to one embodiment the joint reinforcement armour wires are arranged
radially outside of the main armour layer.

[0030] According to one embodiment the joint reinforcement armour wires extend at least 2
metres, such as at least 3 metres, at least 4 metres or at least 5 metres, in both axial directions
from the conductor joint. The joint region, which may be centred on the conductor joint and
which may be symmetric, hence has a length of at least 4 metres, such as at least 6 metres, at
least 8 metres or at least 10 metres.

[0031] In case the submarine power cable comprises several stranded power cores and thus
several conductor joints in the same region, the joint reinforcement armour surrounds all of the
power cores and may extend at least 2 metres, such as at least 3 metres, at least 4 metres or
at least 5 metres, in one axial directions from that conductor joint of the plurality of conductor
joints which is arranged furthest in a first axial direction of the submarine power cable and at
least 2 metres, such as at least 3 metres, at least 4 metres or at least 5 metres, in the other
axial directions from that conductor joint of the plurality of conductor joints which is arranged
furthest in a second axial direction of the submarine power cable. In this case, the joint region
is hence centred on the range between the two conductor joints which are arranged axially
furthest from each other.

[0032] The joint region has an axial extension or length which is a minority of the total length of
the submarine power cable. In case of several joint regions, each joint region has an axial
extension or length which is a minority of the total length of the submarine power cable.

[0033] According to one embodiment the joint reinforcement armour wires extend at most
1500 m, such as at most 1000 metres, at most 500 metres, at most 300 metres, such as at
most 200 metres, at most 100 metres, at most 50 metres, at most 40 metres, or at most 30
metres, in both axial directions from the conductor joint. Hereto, the joint region has a length of
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at most 3000 metres, such as at most 2000 metres, at most 1000 metres, at most 600 metres,
such as at most 400 metres, at most 200 metres, at most 100 metres, at most 80 metres, or at
most 60 metres. In case of several joint regions, each joint region may have a length of at most
3000 metres, such as at most 2000 metres, at most 1000 metres, at most 600 metres, such as
at most 400 metres, at most 200 metres, at most 100 metres, at most 80 metres, or at most 60
metres. These lengths are still very short compared to the length of a submarine power cable
which typically extends between 10-100 kilometres.

[0034] According to the invention the main armour wires are arranged helically around the
power core and have a first lay direction.

[0035] According to the invention the joint reinforcement armour wires are arranged helically
around the power core and have a second lay direction.

[0036] According to the invention the second lay direction is opposite to the first lay direction.

[0037] The lay length or pitch of the joint reinforcement armour wires are chosen to achieve an
overall torsional stable cable. Hereto, the pitch of the joint reinforcement armour wires is
selected based on the pitch of the main armour wires. The torsional forces of the two layers
can thereby be counterbalanced or they can even cancel out. For a multi-core submarine
power cable, the pitch of the reinforcement armour wires may further be based on the
conductor cross-section, the elastic modulus of the conductors and the stranding pitch of the
power cores. The pitch of the joint reinforcement armour wires may for example be the same
as the pitch of the main armour wires, or it may be greater than the pitch of the main armour
wires.

[0038] According to one embodiment at least some of the main armour wires comprise a metal
such as steel, in particular galvanised steel or stainless steel, aluminium, or copper.

[0039] According to one embodiment at least some of the joint reinforcement armour wires
comprise a metal such as steel, in particular galvanised steel or stainless steel, aluminium or
copper.

[0040] According to one example, some of the main armour wires may be made of metal and
some of the main armour wires may be made of a plastic material such as a polymer material.
According to one example, some of the joint reinforcement armour wires may be made of
metal and some of the joint reinforcement armour wires may be made of a plastic material
such as a polymer material.

[0041] According to one embodiment each main armour wires is made of the same material
along its length in the joint region.

[0042] According to one embodiment the power core has a plurality of additional joint regions
each having a conductor joint, wherein each additional joint region has a respective additional



DK/EP 3644326 T3

joint reinforcement armour layer provided only in the corresponding additional joint region,
each additional joint reinforcement armour layer comprising a plurality of joint reinforcement
armour wires axially locked relative to the main armour wires, the additional joint reinforcement
armour layers and the main armour layer thereby forming a dual-layer armour only in the
additional joint regions.

[0043] According to one example, only those conductor joints which are to be installed deep
sea, such as at about 150 to about maximum 250 metres water depth, have a joint region
provided with a joint reinforcement armour layer. A length of the submarine power cable which
is to be installed in more shallow waters, such as at about 70-120 metres water depth, may
have conductor joints which have joint regions with only a single armour layer, namely the main
armour layer.

[0044] The submarine power cable may be a DC power cable or an AC power cable. The
submarine power cable may hence comprise one or more power cores.

[0045] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the element, apparatus, component, means, etc. are to be interpreted openly as
referring to at least one instance of the element, apparatus, component, means, etc., unless
explicitly stated otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] The specific embodiments of the inventive concept will now be described, by way of
example, with reference to the accompanying drawings, in which:

Fig. 1 schematically shows a side view of an example of a submarine power cable;

Fig. 2 schematically shows a side view of the submarine power cable in Fig. 1 with an outer
serving or outer sheath removed;

Fig. 3a schematically shows a cross section of the submarine power cable in Fig. 2 along lines
A-A;

Fig. 3b schematically shows a cross section of the submarine power cable in Fig. 2 along lines
B-B; and

Fig. 3¢ schematically shows a cross section of the submarine power cable in Fig. 2 along lines
C-C.

DETAILED DESCRIPTION
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[0047] The inventive concept will now be described more fully hereinafter with reference to the
accompanying drawings, in which exemplifying embodiments are shown. The inventive
concept may, however, be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided by way of
example so that this disclosure will be thorough and complete, and will fully convey the scope
of the inventive concept as defined by the appended claims to those skilled in the art.

[0048] Like numbers refer to like elements throughout the description.

[0049] Fig. 1 schematically shows an example of a submarine power cable 1. The exemplified
power cable is a DC cable but could alternatively be a multi-phase AC cable. The submarine
power cable, whether DC or AC may be a medium voltage or high voltage cable. The
submarine power cable 1 has an outer serving or outer sheath 3.

[0050] Fig. 2 schematically shows the submarine power cable 1 with the outer serving or outer
sheath 3 removed to expose internal components thereof. It is to be noted that in addition to
the outermost layer, potentially present additional layers inside the outer serving or outer
sheath 3 such as a corrosion protection layer, e.g. a bitumen layer, are also not shown.

[0051] Furthermore, certain components radially inside of the outermost components have
been made visible by means of dashed lines, as will be made clear in the following.

[0052] The submarine power cable 1 comprises a power core 5, as shown in Fig. 3a which is a
cross section along any of the two lines A-Ain Fig. 2. The power core 5 comprises a conductor
7. The conductor 7 is made of metal such as copper or aluminium. The conductor 7 may for
example be a solid conductor or a stranded conductor. In case that the conductor 7 is a
stranded conductor, it may for example be a stranded round conductor, a segmental (Milliken)
conductor, a compacted conductor or a profiled conductor. The conductor 7 is shown with
dashed lines in Fig. 2 because other components are located radially outside of the conductor
7.

[0053] The conductor 7 is jointed. The conductor 7 hence has a conductor joint 7a. To this
end, two conductor lengths/sections have been jointed during manufacturing to form a single
conductor length/section having a conductor joint 7a. This may typically involve removing the
end portions of the electrical insulation system of the respective power cable length, to expose
an end portion of a respective conductor to be jointed. The electrical insulation system is
restored after the conductors have been jointed. The thus formed cable joint may typically be a
"factory joint" made in the factory, but could alternatively be a "flexible joint" which is made on-
site during cable installation. The conductor joint 7a forms part of an axial section/length of the
power core 3 which herein is referred to as a joint region R of the power core 3. The
submarine power cable 1 may comprise one or a plurality of joint regions R, each having or
containing a respective conductor joint 7a. In particular, any conductor joint 7a has a
corresponding joint region R.
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[0054] The power core 5 furthermore comprises an electrical insulation system 9 configured to
electrically insulate the conductor 7. The electrical insulation system 9 is preferably a solid
electrical insulation system. The electrical insulation system 9 may for example comprise an
outer semiconducting layer 9a, a solid insulation layer 9b arranged radially inside of the outer
semiconducting layer 9a, and an inner semiconducting layer 9c arranged radially inside of the
solid insulation layer 9b. The outer semiconducting layer 9a and the inner semiconducting
layer 9¢c may for example comprise a cross-linked polymer (XLPE) mixed with a
semiconducting powder, such as carbon black. The solid insulation layer 9b may for example
comprise XLPE. The outer semiconducting layer 9a may be configured to be connected to
electrical earth/ground. The submarine power cable 1 could alternatively to having the above-
described XLPE-insulation structure for example be a mass-impregnated (MI) cable.

[0055] The submarine power cable 1 furthermore comprises a main armour layer 11. The
main armour layer 11 is arranged radially outside of the power core 3. The main armour layer
11 comprises a plurality of main armour wires 11a. The main armour wires 11a are wound
around the power core 3. The main armour wires 11a are helically wound around the power
core 3. The main armour wires 11a may be wound with a main armour wire pitch. The main
armour wire pitch is the length in which a main armouring wire 11a completes one turn around
the power core 3. The main armour layer 11 extends in the axially direction along the power
core 3. The main armour layer 11 extends along the majority of the length of the submarine
power cable 1, for example along the entire length of the submarine power cable 1.

[0056] The main armour wires 11a are preferably made of metal, for example steel such as
stainless steel or galvanised steel.

[0057] In examples in which the submarine power cable 1 is a multi-phase AC cable, the
submarine power cable 1 comprises a plurality of power cores, which may be stranded. The
main armour wires are in this case wound helically outside of the stranded power cores.

[0058] The submarine power cable 1 comprises a joint reinforcement armour layer 13
comprising a plurality of joint reinforcement armour wires 13a. The joint reinforcement armour
layer 13 is only provided in the joint region R. The joint reinforcement armour wires 13a are
layered with the main armour wires 11a in the joint region R. In the example in Fig. 2, the joint
reinforcement armour wires 13a are arranged radially outside of the main armour wires 11a in
the joint region R. The main armour wires 11a are therefore indicated with dashed lines in the
joint region R. The submarine power cable 1 has only a single layer armour outside any joint
region R formed by the main armour layer 11, and a double or dual-layer armour in any joint
region R. The double layer armour is formed by the main armour wires 11a and the joint
reinforcement armour wires 13a.

[0059] The joint reinforcement armour wires 13a are preferably made of the same material as
the armour layer wires 11a. The joint reinforcement armour wires 13a are preferably made of
metal, for example steel such as stainless steel or galvanised steel. According to one variation,
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some of the joint reinforcement armour wires 13a may be made of plastic such as a polymer
material.

[0060] The joint reinforcement armour wires 13a are locked relative to the main armour wires
11a. The joint reinforcement armour wires 13a may be mechanically connected to the main
armour wires 11a. The exemplified submarine power cable 1 comprises a first metal ring 15a,
and a second metal ring 15b axially spaced apart from the first metal ring 15a. The first metal
ring 15a is arranged at a distance from the conductor joint 7a in a first axial direction along the
conductor 7. The second metal ring 15b is arranged at a distance from the conductor joint 7a
in a second axial direction opposite to the first axial direction. The conductor joint 7a may for
example be centred or essentially centred between the first metal ring 15a and the second
metal ring 15b. The main armour wires 11a are connected to the first metal ring 15a and to the
second metal ring 15a. The main armour wires 11a may be welded to the first metal ring 15a
and to the second metal ring 15b. The first metal ring 15a and the second metal ring 15b may
preferably be made of the same material as the main armour wires 11a. The first metal ring
15a is preferably made of steel e.g. stainless steel or galvanised steel, or aluminium. The
second metal ring 15b is preferably made of steel e.g. stainless steel or galvanised steel, or
aluminium.

[0061] Each joint reinforcement armour wire 13a has a first axial end portion and a second
axial end portion opposite to the first axial end portion. The first axial end portion of each joint
reinforcement armour wire 13a is directly connected to the first metal ring 15a and the second
axial end portion of each joint reinforcement armour wire 13a is directly connected to the
second metal ring 15b. The joint reinforcement armour wires 13a may for example be welded
or soldered to the first metal ring 15a and to the second metal ring 15b. According to the
example in Fig. 2, the first metal ring 15a and the second metal ring 15b are arranged radially
outside of the main armour wires 11a. The first metal ring 15a may be made in a single piece
or it may comprise several parts, e.g. two halves, in order to facilitate installation. The second
metal ring 15b may be made in a single piece or it may comprise several parts, e.g. two
halves, in order to facilitate installation. The joint reinforcement armour wires 13a are arranged
radially outside of the main armour layer 11. The first metal ring 15a and the second metal ring
15b are hence arranged between the main armour layer 11 and the joint reinforcement armour
layer 13. Fig. 3b, which depicts a cross section of the submarine power cable 1 along lines B-B
at the first metal ring 15a shows this configuration in more detail. The main armour layer 11
forms an inner armour layer and the joint reinforcement layer section 13 forms an outer layer
with respect to the main armour layer 11 in the joint region R only. The joint region R is in this
example defined by the axially extending region delimited by the first metal ring 15a and the
second metal ring 15b. Outside of the joint region R, only the main armour layer 11 is provided
around the power core 3.

[0062] Another alternative for locking the joint reinforcement armour layer axially relative to the
main armour layer is for example that of only welding the joint reinforcement armour wires to
the first metal ring and the second metal ring, and providing respective radial stop structures
configured to prevent or restrict axial movement of the first metal ring and the second metal
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ring. Yet another alternative is to employ friction e.g. friction members configured to prevent
axial displacement of the joint reinforcement armour layer relative to the main armour layer.
Such friction members may for example be ropes and/or tapes arranged around the joint
reinforcement armour layer and configured to apply a radially inwards directed force onto the
joint reinforcement armour layer.

[0063] Fig. 3c shows a cross section of the submarine power cable 1 in the joint region R
along lines C-C. The double or dual-layer armour can here be seen. The single layer armour is
visible in Fig. 3a in cross sections along lines A-A, outside of the joint region R.

[0064] The submarine power cable 1 may comprise a plurality of additional joint regions R. In
this case, each additional joint region R preferably has the configuration described above, i.e.
with an additional joint reinforcement armour layer layered with the main armour layer 11
present only in the additional joint regions.

[0065] The inventive concept has mainly been described above with reference to a few
examples. However, as is readily appreciated by a person skilled in the art, other embodiments
than the ones disclosed above are equally possible within the scope of the inventive concept,
as defined by the appended claims.
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Patentkrav

1. Et undersgisk kabel (1) omfattende:

en stremkerne (3) med en leder (7),

hvor lederen (7) har en forbinder (7a) i et forbindelsesomrade (R) af strem-
kernen (3),

et hovedarmeringslag (11) omfattende en flerhed af hovedarmeringstrade
(11a), anbragt omkring stremkernen (3), og som straekker sig i stromkernens
(3) aksiale retning, og

et samlingsforsteerkende armeringslag (13) omfattende en flerhed af sam-
lingsforstaerkende armeringstrade (13a), der aksialt er last i forhold til hoved-
armeringstradene (11a), hvor det samlingsforsteerkende armeringslag (3)
kun er placeret i forbindelsesomradet og er anbragt i lag med hovedarme-
ringslaget (11),

hvor det samlingsforstaerkende armeringslag (13) og hovedarmeringslaget
(11) derved danner et dobbelt armeringslag kun i forbindelsesomradet (R),
hvor det dobbelte armeringslag er placeret over og streekker sig aksialt pa
tveers af forbinderen (7a),

kendetegnet ved, at

at hovedarmeringstradene (11a) er anbragt spiralformet omkring stremker-
nen (3), og alle hovedarmeringstradene (11a) har en farste laegningsretning,
hvor de samlingsforsteerkende armeringstrade (13a) er anbragt spiralformet
omkring stremkernen (3), og alle samlingsforstaerkende armeringstrade
(13a) har en anden leegningsretning, hvor den anden laegningsretning er

modsat den forste laeegningsretning.

2. Det undersgiske kabel (1) ifalge krav 1, omfatter en farste metalring (15a) an-
bragt omkring strgmkernen (3) i en aksial afstand fra forbinderen (7a) i en forste
aksial retning af lederen (7), hvor en forste aksial endedel af hver af flerheden af
samlingsforsteerkende armeringstrade (13a) og hovedarmeringstradene (11a) er

forbundet med den forste metalring (15a).

3. Det undersgiske kabel (1) ifolge krav 2, hvor de samlingsforstaerkende arme-
ringstrade (13a) og hovedarmeringstradene (11a) er svejset til den forste metalring
(15a).
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4. Det underspiske kabel (1) ifglge krav 2 eller 3 omfattende en anden metalring
(15b) anbragt omkring stremkernen (3) i en aksial afstand fra forbinderen (7a) i
en anden aksial retning af lederen (7}, den anden aksiale retning er modsat den
forste aksiale retning, hvor en anden aksial endedel af hver af flerheden af sam-
lingsforsteerkende armeringstrade (13a) og hovedarmeringstradene (11a) er for-

bundet med den anden metalring (15b).

5. Det undersopiske kabel (1) ifolge krav 4, hvor de samlingsforstaerkende arme-
ringstrade (13a) og hovedarmeringstradene (11a) er svejset til den anden metal-
ring (15b).

6. Det underspiske kabel (1) ifelge ethvert af de foregaende krav, hvor samlings-
forsteerkende armeringstrade (13a) er anbragt radialt uden for hovedarmeringsla-
get (11a).

7. Det undersgiske kabel (1) ifglge ethvert af de foregadende krav, hvor de sam-
lingsforsteerkende armeringstrade (13a) straekker sig mindst 2 meter, sasom
mindst 3 meter, mindst 4 meter eller mindst 5 meter, i begge aksiale retninger fra

forbinderen (7a).

8. Det underspiske kabel (1) ifalge ethvert af de foregaende krav, hvor de sam-
lingsforsteerkende armeringstrade (13a) streekker sig hgjst 1500 m, sasom hgjst
1000 m, hgjst 500 m, hgjst 300 m, hojst 200 m, hgjst 100 m, hgjst 50 m, hogjst 40

m eller hgjst 30 m, i begge aksiale retninger fra forbinderen (7a).

9. Det undersgiske kabel (1) ifglge ethvert af de foregaende krav, hvor mindst nogle
af hovedarmeringstradene (11a) bestar af et metal, sasom stal, navnlig galvanise-

ret stal eller rustfrit stal, aluminium eller kobber.

10. Det undersgiske kabel (1} ifelge krav 9, hvor mindst nogle samlingsforsteer-
kende armeringstrade (13a) bestar af et metal af samme materiale som hovedar-

meringstradene (11a).

11. Det underspiske kabel (1) ifelge ethvert af de foregaende krav, hvor hver ho-
vedarmeringstrad (11a) er fremstillet af det samme materiale i hele sin leengde i

forbindelsesomradet (R).
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12. Det undersgiske kabel (1) ifglge ethvert af de foregaende pastande, hvor strem-
kernen (3) har en flerhed af yderligere forbindelsesomrader (R}, der hver har en
forbinder (7a), hvor hvert yderligere forbindelsesomrade (R) har et respektive yder-
ligere samlingsforstaerkende armeringslag (13},

der kun er tilvejebragt i det tilsvarende yderligere forbindelsesomrade (R), hvert
yderligere samlingsforstaerkende armeringslag (13) omfatter en flerhed af sam-
lingsforsteerkende armeringstrade (13a), der er aksialt |ast i forhold til hovedarme-
ringstradene (11a), de yderligere samlingsforstaerkende armeringslag (13) og ho-
vedarmeringslaget (11) danner derved et dobbelt armeringslag i de respektive

yderligere forbindelsesomrader (R).
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