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DESCRIPTION

[0001] The Invention relates to high voltage power cable for ultra deep waters applications.
Ultra deep waters can be considered as being at least 3000 meters under the sea level. At
such depths, deep waters applications will induce large tensile strain on the cable. The weak
element in high voltage power cable application 1s the metallic conductors, generally consisted
of copper, due to their poor mechanical properties, and especially due to their poor elongation
capacity. During installation and service, the high voltage power cable will be exposed to large
tensile forces and dynamic motion which will induce fatigue problems. The metallic conductors,
especially when they are made of copper material, will be damaged when they are exposed to
an elongation above a critical Imit. Such damage phenomena can be explained by the fact that
high voltage power cable comprises an armour package with an elongation capacity of 0.3% or
more, and insulated metallic conductors with a poor elongation capacity of approximately 0.1%.
Consequently, when the high voltage power cable i1s exposed to large tensile forces, only 30%
of load bearing capacity of the armour package can be used without reaching an unacceptable
elongation in the metallic conductors. Due to this, it iIs necessary to increase the elongation
capacity of the insulated metallic conductors, in order to use 100% of the load bearing capacity
of the armour package and to have acceptable tensile load In the Insulated metallic
conductors. Hence by Increasing the elongation capacity of the metallic conductors we can
reach significant larger water depths.

[0002] Such cables used in deep water applications and conceived to withstand tensile forces,
have been already developed and patented. For instance, EP 1691378 discloses an electrical
signal cable, comprising at least two insulated conductors, and of which the main technical
feature 1s that each of the insulated conductors I1s arranged in a groove of a longitudinal central
element consisting of an elastic material which allows the insulated conductors to move In
radial direction of the said cable when the latter is exposed to longitudinal tensile stress. The
cable is surrounded by a sheath of insulated material, and the elastic material fills entirely the
space Inside the said sheath so that it is In contact with this sheath along its circumference,
except the areas corresponding to the grooves. In other words, the insulated conductors are
totally embedded inside the elastic material. This invention presents two drawbacks which are,
In one hand, that each insulated conductor cannot move freely inside the electrical signal cable
when exposed to large tensile forces, and on the other hand, that no device is designed inside
the cable to better distribute the radial forces, so that the said cable be able to better withstand
the loads. Document WO 2008/07/4104 A1 discloses a constructive arrangement in an
umbilical cable comprising at least two three-phase power supply circuits. Document DE
585940 discloses an expansible and upsettable multi-conductor high current cable.

[0003] The high voltage power cables according to the invention are designed to increase the
elongation capacity of the metallic insulated conductors without the two drawbacks mentioned
before. This way, they are well adapted to ultra deep waters applications by improving their
resistance to very high pressure without damaging the said insulated metallic conductors.
According to the Iinvention, a high voltage power cable is provided as defined in claim 1.
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Further developments of the invention are the subject of the dependent claims.

[0004] The Invention relates to high voltage power cable comprising at least two insulated
conductors and an armour package surrounding the said conductors. The main feature of the
high voltage power cable according to the invention is that it comprises a longitudinal central
element consisting of an elastomer material, and longitudinal elements placed between the
sald Insulated conductors and consisting of polymer material. This way, the central elastic
element will function as soft bedding for the insulated conductors and will allow the said
conductors to move towards centre due to radial forces applied from the armour package and
axial tensile load In the Insulated conductors themselves. The polymer elements placed
between the insulated conductors will transfer the radial forces from the armour package on a
large area and due to this the said insulated conductors themselves will not be deformed
significantly. These polymers elements constitute supplementary passageways to transfer load
from the armour package towards central elastic element, and hence relieve the strain on the
Insulated conductors. The combination of a central elastic element and polymer elements
placed between the insulated conductors allow the insulated conductors to move towards
centre due to radial forces transferred by armour package and axial tensile load. This move
towards centre induces the reduction of the pitch diameter of the insulated conductors, and an
access length will be obtained. This will relieve the strain on the insulated conductors.

[0005] Advantageously, the said cable comprises three power phases, each being in contact
with the central elastic element and with two polymer elements. Power phase comprises a
copper conductor surrounded by insulation system which consists of an inner semiconductive
sheath, cross linked polyethylene insulation, an outer semi conductive sheath protected by an
outer polyethylene sheath. In this high voltage power cable arrangement, there are also three
polymer elements placed between power phases. The copper conductors constitute the weak
elements In the cable due to their poor mechanical properties. In order to avoid the damage of
the copper conductors when they are exposed to elongation above a critical limit in the case of
ultra deep waters applications, a device based on a central elastic element and polymer
elements between power phases is well adapted to the safeguard of the cable.

[0006] Preferentially, the said cable comprises an assembly consisting of an inner polymer
sheath, an outer polymer sheath, and an armour package placed between the said sheaths,
the said assembly surrounding the Insulated conductors, the polymer elements being In
contact with the said inner sheath. This way, by keeping a contact with armour package, the
polymer elements are placed in good conditions to transmit the radial forces applied from the
armour package toward centre. Preferentially, the inner and the outer sheaths consist of
polyethylene.

[0007] Advantageously, the central elastic element, the polymer elements and the insulated
conductors are arranged together so that two consecutive insulated conductors are separated
with a free space. With such an arrangement each insulated conductor is able to move easily,
rapidly and independently one from the other toward centre when exposed to radial forces.
Moreover, these free spaces constitute also expending spaces for the central elastic element



DK/EP 2521139 T3

when Insulated conductors move towards centre and deform the said elastic element.

[0008] Preferentially, the transversal cross section of the longitudinal central elastic element is
approximately triangular, each of the insulated conductors being in contact with one side of the
sald cross section.

[0009] According to the invention, the central elastic element consists of elastomer.

[0010] In another preferred embodiment of a cable according to the invention, the central
elastic element consists of Ethylene-Propylene-Diene-Monomer (EPDM) elastomer.

[0011] In an example of a cable not according to the invention, the central elastic element
consists of natural or synthetic rubber.

[0012] Advantageously, the armour package comprises steel wires. But it may also contain
composite materials consisting of aramid fiber, carbon fiber or similar. More specifically, armour
package contains at least two layers.

[0013] Preferentially, the armour package which is the load bearing element is applied with a
lay-angle less than the lay-angel in the centre bundle of the three power phases, the lay-angle
In centre bundle and armour package being controlled by one another.

[0014] One of the great advantages of a high voltage power cable according to the invention is
that it comprises a simple device resulting from the combination of a central elastic element
and polymer elements between Insulated conductors, the said device being easy to
manufacture and to implement. Moreover, this device Is well adapted to high voltage power
cables intended to be used In ultra deep waters, because it remains very efficient without
taking too much place. Finally, since the different materials implemented in this device are
polymer and elastomer, the high voltage power cables according to the invention are not
expensive.

[0015] A detailled description of one preferred embodiment of a high voltage power cable
according to the invention Is given referring to figures 1 and 2.

e Figure 1 is a cross section view of a high voltage power cable according to the invention,
e Figure 2 is a schematic view of a power phase included in a high voltage power cable
according to the invention, with an without axial tension.

[0016] Referring to figure 1, a high voltage power cable 1 according to the invention,
comprises three insulated conductors 2 also called "power phases”, three polymer elements 3
placed between power phases 2, a longitudinal central element 4 consisting of elastic material,
all the elements 2,3,4 being surrounded by an assembly 5 including an armour package 6. The
longitudinal central element 4 consists of an elastomer such as EPDM, and has a triangular
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cross section. A power phase 2 comprises a copper conductor /7 surrounded by an insulation
system consisting of an inner semi conductive sheath 20, cross linked polyethylene insulation
8, an outer semi conductive sheath 9 protected by an outer protective polyethylene sheath 10.
The assembly 5 including the armour package 6 comprises an inner sheath 11 consisting of
polyethylene, an outer sheath 12 consisting of polyethylene and the armour package 6 placed
between the said sheaths 11, 12, the said assembly 5 surrounding power phases 2, polymer
elements 3 and the central elastic element 4. The armour package 6 consists of two
superposed layers of steel wires 14. The Iinsulated conductors 2, the polymer elements 3 and
the central elastic element 4 are arranged together so that one polymer element 3 Is In contact
with the inner polyethylene sheath 11and with two Iinsulated conductors 2, and so that one
Insulated conductor 2 Is In contact with one side of the triangular cross section of the central
elastic element 4. With such an arrangement two consecutive insulated conductors 2 are
separated with a free space 15. We also find free spaces 16 between an insulated conductor
2, a polymer element 3 and the inner polyethylene sheath 11. VWWhen the high voltage power
cable 1 1s exposed to radial load, all the free spaces 15,16 are intended to facilitate the move
of the Iinsulated conductors 2 towards the centre.

[0017] Referring to figure 2, the presence of polymer elements 3 and central elastic element 4,
makes possible that the insulated copper conductors 2 move easily towards centre of the cable
1. From the Initial position 17 of the copper conductors 2 into the cable 1 without any axial
tension, to their final position 18 Iinto the said cable 1 after moving towards center when
exposed to axial tension, the pitch diameter decreases from an initial value 17a to a final value
18a, whereas the length of the said copper conductors 2 increases from an initial value 17b to
a final value 18b. The armour package 6 will also elongate Iin axial direction due to radial
displacement. This armour package 6 which is the load bearing element will be applied with a
lay-angle less than the lay-angel in the centre bundle of the three power phases 2. The lay-
angle in centre bundle and armour package 6 is controlled by one another. In an optimized
cable 1 there will be low tension In the power phases 2 due to the access length 18b induced
by the change In pitch diameter 18a.

[0018] The elastomeric central element 4 and polymer elements 3 In the centre bundle and

optimized lay angels between the power phases 2 and armour package 6 makes the high
voltage power cable 1 fit for purpose Iin water depths greater than 3000m.
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Patentkrav

1. Holspaendingskabel (1), der omfatter mindst to 1solerede
ledere (2) o0og en armeringspakning (6), der omgliver lederne
(2), der er kendetegnet ved, at kablet (1) omfatter et

lengdegaende centralt element (4), der bestar af et
elastomermateriale, og lengdegaende elementer (3), der er
anbragt mellem de 1solerede ledere (2) og bestar aft
polymermateriale, hvor det centrale element (4) fungerer som

et blogdt 1leje for de 1solerede 1ledere (2) og muliggegr, at

—

lederne (2) kan bevaeges mod midten som folge af radiale

krefter, der pafores fra armeringspakningen (6) og aksial

trekbelastning 1 selve de 1solerede ledere (2).

2. Hojspaendingskabel 1fglge krav 1, der er kendetegnet wved,
at kablet (1) omfatter tre stromfaser (2), der hver er 1
kontakt med det centrale element (4) ole] med to

polymerelementer (3).

3. Hojspaendingskabel 1fglge krav 1 og 2, der er kendetegnet

pr—
—

ved, at kablet (1) omfatter en 1indretning (5), der bestar af

en 1ndre polymerkappe (11), en vdre polymerkappe (12) og en

armeringspakning (0), der er anbragt mellem kapperne (11, 12),

hvilken 1ndretning (5) omgiver de 1solerede ledere (2), o0og er
kendetegnet wved, at polymerelementerne (3) er 1 kontakt med

den 1ndre kappe (11).

4, Hojspaendingskabel 1fglge krav 3, der er kendetegnet wved,
at det centrale element (4), polymerelementerne (3) o0og de

1solerede ledere (2) er anbragt sammen, saledes at to pa

hinanden fglgende 1solerede ledere (2) er adskilt med et frit

rum (15) .

5. Holspaendingskabel 1fglge kravene 2, 3 og 4, der er

pr—

kendetegnet ved, at tversnittet af det lengdegaende centrale

pr——

element (4) er omtrent trekantet, 1det hver af de 1solerede

—

ledere (2) er 1 kontakt med én side af tversnittet.
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o . Hospendingskabel 1fglge krav 1, der er kendetegnet ved,
at

det centrale element (4) bestar af |

B

DM—-elastomer.

[*]
S,

pr—

5 . Hojspendingskabel 1fglge et af kravene 2 til o, der er

kendetegnet ved, at armeringspakningen omfatter staltrade
(14) .

pr—

o Hojspendingskabel 1fglge et af kravene 3 til 7, der er

10 kendetegnet wved, at den 1indre (11) og den vdre (12) kappe

—

bestar af polvethylen.

pr—

9. Hojspendingskabel 1fgolge et af kravene 2 til 8, der er

kendetegnet ved, at armeringspakningen (6), som er det barende

15 element, pafeores med en slaningsvinkel, der er mindre end

slaningsvinklen 1 midterbundtet af de tre stromfaser (2), 1idet

slaningsvinklen 1 mildterbundt og armeringspakning (6) styres

pre——

ved hjelp af hilinanden.
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