(12) STANDARD PATENT (11) Application No. AU 2013407859 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(74)

(56)

Title

An arrangement for a dynamic high voltage subsea cable and a dynamic high
voltage subsea cable

International Patent Classification(s)
HO01B 7/04 (2006.01)

Application No: 2013407859 (22) Date of Filing:  2013.12.19
WIPO No: WO15/090400

Publication Date: 2015.06.25
Accepted Journal Date: 2017.10.19

Applicant(s)
ABB HV Cables (Switzerland) GmbH

Inventor(s)
Tyrberg, Andreas;Farkas, Andreas

Agent / Attorney
Griffith Hack, GPO Box 4164, Sydney, NSW, 2001, AU

Related Art
US 6239363 B1
US 3143591 A
US 7709731 B2




wo 2015/090400 A1 |/ NPF V00O Y R O R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/090400 A1

(51

eay)

(22)

(25)
(26)
1

(72

74

31

25 June 2015 (25.06.2015) WIPOIPCT
International Patent Classification:
HO1B 7/04 (2006.01)
International Application Number:
PCT/EP2013/077381

International Filing Date:
19 December 2013 (19.12.2013)

English
Publication Language: English

Applicant: ABB TECHNOLOGY LTD [CH/CH]; Affol-
ternstrasse 44, CH-8050 Ziirich (CH).

Inventors: TYRBERG, Andreas; Alyckevéigen 17, S-371
62 Lyckeby (SE). FARKAS, Andreas; Soldatvigen 6, S-
444 41 Stenungsund (SE).

Agent: AXELL, Kristina; ABB AB, Intellectual Property,
Ingenjoér Baaths Gata 11, S-721 83 Visteras (SE).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: AN ARRANGEMENT FOR A DYNAMIC HIGH VOLTAGE SUBSEA CABLE AND A DYNAMIC HIGH VOLTAGE
SUBSEA CABLE

(57) Abstract: The present disclosure relates to an ar-
rangement (5) for a dynamic high voltage subsea cable
comprising an electrically conductive core (13), a cor-
rugated sheath (9) defining a radial water barrier, an
electrical insulation system (11) arranged to insulate the
electrically conductive core (13) from the corrugated
sheath (9), and a liquid (17). The electrical insulation
system (11) has an external surface (11a) and the cor-
rugated sheath (9) has an internal surface (9b), and
wherein the liquid (17) is arranged between the external
surface (11a) of the electrical insulation system (11) and
the internal surtace (9b) of the corrugated sheath (9) for
counteracting deformation of the corrugated sheath (9).



2013407859 28 Feb 2017

10

15

20

25

AN ARRANGEMENT FOR A DYNAMIC HIGH VOLTAGE SUBSEA
CABLE AND A DYNAMIC HIGH VOLTAGE SUBSEA CABLE

TECHNICAL FIELD

The present disclosure generally relates to electrical subsea equipment and in
particular to an arrangement for a dynamic high voltage subsea cable and to a

dynamic high voltage subsea cable comprising such an arrangement.

BACKGROUND

Dynamic subsea cables are for example used for connecting floating oil and gas
platforms to shore via a static subsea cable or to other subsea infrastructure. In the
former case one end of a dynamic subsea cable is connected to a floating platform
and the other end of the dynamic subsea cable is connected to a static cable, when
installed. The static cable rests on the seabed, and is normally protected through

trenching or rock dumping.

A dynamic cable suspended in the water between the platform and the seabed is
subject to substantial mechanical stress and fatigue from the sea, wind and waves,

which can introduce translation and rotation motions of the platform.

The dynamic subsea cable comprises an electrically conductive core surrounded by
an electrical insulation system, which in turn is protected by a metallic sheath. The
most fatigue sensitive component of a high voltage dynamic subsea cable is the
metallic sheath which is used as protection against radial water penetration into
the electrical insulation system, which can initiate electrical breakdown of the
cable. Existing dynamic subsea cables may utilise a corrugated metal sheath. The
corrugations are expected to substantially prolong the operating life of a dynamic

subsea cable.

It is however not possible to install existing dynamic subsea cables at depths
greater than the order of 400-600 metres without risking that the substantial
hydrostatic pressure would damage the corrugated sheath. In view of this, there is

a need to improve existing dynamic subsea cable designs.

8764665_1 (GHMatters) P102767.AU
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SUMMARY

According to a first aspect of the present disclosure there is provided an
arrangement for a dynamic high voltage subsea cable comprising: an electrically
conductive core; a corrugated sheath defining a radial water barrier, the
corrugated sheath having an internal surface; an electrical insulation system
arranged to insulate the electrically conductive core from the corrugated sheath,
the electrical insulation system having an external surface; at least one spacer
arranged between the external surface of the electrical insulation system and the
internal surface of the corrugated sheath, said at least one spacer being
semiconducting, and a liquid; wherein the liquid is arranged between the external
surface of the electrical insulation system and the internal surface of the

corrugated sheath for counteracting deformation of the corrugated sheath.
With high voltage is herein meant voltages equal to or higher than 36 kV.

By means of liquid arranged between the corrugated sheath and the electrical
insulation system, mechanical deformation of the corrugated sheath due to the
ambient hydrostatic pressure at deep sea may be counteracted. A dynamic high
voltage cable comprising such an arrangement may thereby be utilised at depths
not possible with today’s cable designs while maintaining the mechanical
withstand strength against mechanical stress and fatigue. Such depths may be up
to several thousand metres, for example 1000-4000 m, corresponding to a

pressure of about 100 bar to 400 bar.

When the dynamic high voltage subsea cable comprising the arrangement has
been installed, the liquid creates a pressure in the annular channel towards the
internal surface of the corrugated sheath which varies with the depth of the
dynamic high voltage subsea cable. In the top of the cable, there will be an
atmospheric pressure, and at depth the pressure is given by the density of the
liquid, times the depth, times the gravitational acceleration. This pressure will
therefore be of the same order of magnitude as the hydrostatic pressure applied to

the corrugated sheath.

According to one embodiment a distance between the internal surface of the
corrugated sheath and the external surface of the electrical insulation system

varies in the axial direction.

8764665_1 (GHMatters) P102767.AU
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According to one embodiment the internal surface of the corrugated sheath is n-
elliptical in any cross section of the arrangement containing the liquid, and where
n is an integer depending on where the cross section is taken. With n-elliptical is
meant a generalization of an ellipse with multiple foci, i.e. a multifocal ellipse; n=1,
for example, is a circle, and n=2 is a classic ellipse. As stated above, the number n
may vary depending on where the cross section is taken along the arrangement.
Depending on whether the corrugations are helical or not, the cross section of the
dynamic high voltage subsea cable is non-circular n-elliptical or essentially circular
or circular. Hence, at any cross section of the arrangement containing the liquid is

defined by an n-elliptical shape of the internal surface of the corrugated sheath.

According to one embodiment the external surface of the electrical insulation
system is essentially circular in any cross section of the arrangement containing
liquid. Hence, any cross section of the arrangement containing the liquid is defined
by the essentially circular shape of the external surface of the electrical insulation

system.

According to one embodiment the corrugations of the corrugated sheath are
defined by peaks and valleys, wherein each peak and each valley extends around

the periphery of the arrangement.

According to one embodiment the corrugated sheath is a metal sheath. A metal
sheath may, compared to polymeric compounds for example, substantially prolong
the lifetime of a dynamic high voltage subsea cable comprising the arrangement by

preventing moisture from penetrating into the electrical insulation system.

According to one embodiment the corrugations of the corrugated sheath are
helical. By means of a helical construction of the corrugated sheath the liquid may
be injected in between the electrical insulation system and the corrugated sheath
post corrugation of the corrugated sheath. This may be advantageous if the
internal surface of the corrugated sheath partially abuts or is arranged very close to

the external surface of the electrical insulation system.

According to one embodiment the electrical insulation system and the corrugated
sheath are spaced apart such that the external surface of the electrical insulation
system and the internal surface of the corrugated sheath define an annular channel

in the axial direction of the electrically conductive core.

8764665_1 (GHMatters) P102767.AU
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According to one embodiment the electrical insulation system and the corrugated
sheath define the annular channel along a majority of the length of the

arrangement.
According to one embodiment the liquid is a dielectric liquid.

One embodiment comprises at least one spacer arranged between the external
surface of the electrical insulation system and the internal surface of the

corrugated sheath.

According to one embodiment the at least one spacer is a mesh arranged around
the electrical insulation system and comprising through-openings extending in the

axial direction.

According to one embodiment the at least one spacer is a plurality of strands
wound in a helical manner around the electrical insulation system with a spacing
between each strand in the circumferential direction, or the at least one spacer is a
bedding arranged around the electrical insulation system and comprising a porous

material adapted to enable liquid flow in the axial direction of the arrangement.

According to a second aspect of the present disclosure there is provided a dynamic
high voltage subsea cable comprising at least one arrangement for a dynamic high
voltage subsea cable including: an electrically conductive core, a corrugated sheath
defining a radial water barrier, the corrugated sheath having an internal surface,
an electrical insulation system arranged to insulate the electrically conductive core
from the corrugated sheath, the electrical insulation system having an external
surface, at least one spacer arranged between the external surface of the electrical
insulation system and the internal surface of the corrugated sheath, said at least
one spacer being semiconducting, and a liquid, wherein the liquid is arranged
between the external surface of the electrical insulation system and the internal
surface of corrugated sheath for counteracting deformation of the corrugated
sheath, and wherein the at least one arrangement is arranged in an armour system

and an external cable sheath.

With a dynamic high voltage subsea cable is meant a cable which is adapted to be

suspended in water between a topside platform and the seabed.

8764665_1 (GHMatters) P102767.AU
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According to one embodiment the dynamic high voltage subsea cable is sealed at
both of its ends and each corrugated sheath defines a continuous external surface

of an arrangement such that the liquid is retained within each arrangement.

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

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 depicts an arrangement for a dynamic high voltage subsea

cable installed subsea;

Fig. 2a shows a perspective view of an arrangement for a dynamic high voltage

subsea cable which has a partially exposed interior;
Fig. 2b shows a cross-sectional view of the arrangement in Fig. 2a;

Fig. 3 depicts a perspective view of a dynamic high voltage subsea cable with its

interior partially exposed and comprising a plurality of arrangements.

DETAILED DESCRIPTION

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 to
those skilled in the art. Like numbers refer to like elements throughout the

description.

Examples of an arrangement for a dynamic high voltage subsea cable will be
presented herein. The arrangements presented herein are adapted to be suspended

in water, within an external sheath thus forming a dynamic high voltage subsea

8764665_1 (GHMatters) P102767.AU
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cable, between a topside platform and a static subsea cable or other subsea

installations such as a power transformer.

Fig. 1 schematically depicts a high voltage system 1 which comprises a topside
platform 3, for example an oil and gas platform, a dynamic high voltage subsea
cable 19, and a seabed installation 7. The dynamic high voltage subsea cable 19 is
suspended in the water W between the platform 3 and the seabed installation 7.
The seabed installation may for example be a static high voltage cable providing
power from onshore to offshore, i.e. the platform 3. The dynamic high voltage
subsea cable 19 may thus act as a link between the subsea installation 7 and the

platform 7.

Alternatively, the subsea installation 7 could be electrical equipment such as one or
more power transformers powered from the platform 3 e.g. by means of

hydrocarbon fuel-driven generators, for powering drilling equipment for example.

Fig. 2a depicts a perspective view of a portion of an example of an arrangement for
a dynamic high voltage subsea cable which has a partially exposed interior for the
purpose of illustration. The arrangement 5 may be adapted to carry high voltage

alternating current (AC) or high voltage direct current (DC).

The arrangement 5, which has a longitudinal extension and which defines a
current carrying part of a dynamic high voltage subsea cable, comprises a
corrugated sheath 9 which defines a radial water barrier. The corrugated sheath 9
hence prevents water from entering the arrangement 5. The corrugated sheath 9
has an external surface 9a which is corrugated, and an internal surface 9b which is
corrugated. The corrugated sheath may or may not be coated with a polymeric
material; in the former case the polymeric material defines the external surface of
the arrangement. The corrugations of the corrugated sheath g are defined by peaks
and valleys, wherein each peak and each valley extends around the periphery of the
arrangement 5. The external surface 9a and the internal surface 9b are hence

undulating in the axial direction X.

The corrugations of the corrugated sheath 9 may be helical or non-helical. The
corrugated sheath 5 may be made of metal, for example copper, a copper alloy, or
stainless steel. As noted above, the corrugated sheath may be coated with a

polymeric material, such as polyethylene.

8764665_1 (GHMatters) P102767.AU
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The arrangement 5 also comprises an electrically conductive core 13 and an
electrical insulation system 11. The electrical insulation system 11 is arranged to
electrically insulate the electrically conductive core 13 from the corrugated sheath
9. To this end, electrically conductive core 13 and the electrical insulation system 11
are arranged coaxially within the corrugated sheath 9. In particular, the electrical

insulation system 11 surrounds the electrically conductive core 13.

The electrical insulation system 11 may for example comprise a polymeric material
such as polyethylene, e.g. cross-linked polyethylene. The electrical insulation
system 11 may comprise several layers, for example an inner semi-conductive

layer, a polyethylene layer, and an outer semi-conductive layer.

The arrangement 5 further comprises a liquid 17. The liquid 17 counteracts
deformation of the corrugated sheath 9 due to ambient hydrostatic pressure. The
liquid 17 is preferably a hydrophobic liquid or any other liquid, e.g. a hydrophilic
liquid, which does not diffuse into the electrical insulation system 11, or has a very
slow rate of diffusion. Examples of suitable hydrophobic liquids are ester oils,

mineral oils and silicon oils. The liquid may thus for example be a dielectric liquid.

According to one variation of the arrangement 5, the liquid 17 is arranged between
an external surface 11a of the electrical insulation system 11 and the internal
surface gb of the corrugated sheath 9. According to one variation of the
arrangement 5, only the corrugations, i.e. the radially outwards protruding
portions of the corrugated sheath are spaced apart from the electrical insulation
system. The corrugated sheath may thus according to one variation partially abut

the electrical insulation system.

According to another variation, the external surface 11a of the electrical insulation
system 11 and the internal surface 9 of the corrugated sheath 9 may be completely
spaced apart. Hence, according to one variation of the arrangement 5, the electrical
insulation system 11 and the corrugated sheath 9, which are arranged coaxially, are
spaced apart such that an annular channel 15, as shown in Fig. 2b, is formed
therebetween. The internal surface gb and an external surface 11a of the electrical
insulation system 11 are hence distanced from each other defining the annular

channel 15.

In any cross section of the arrangement 5 where the annular channel 15 is defined,

or alternatively, where the arrangement 5 contains the liquid 17, the external

8764665_1 (GHMatters) P102767.AU
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surface 11a of the electrical insulation system 11 is essentially circular. In each such
cross section the periphery of the external surface 11b hence defines an essentially

circular shape.

In any cross section of the arrangement 5 where the annular channel 15 is defined,
or alternatively, where the arrangement contains the liquid 17, the internal surface
9b of the corrugated sheath 9 has an n-elliptical shape. The inner periphery of the
corrugated sheath 9 hence defines an n-elliptical shape. This shape could be non-
circular n-elliptic or circular, typically depending on whether the corrugations are

helical or not.

The distance d between the internal surface 9b of the corrugated sheath 9 and the
external surface 11a of the electrical insulation system 11 varies in the axial
direction. In variations where the external surface of the electrical insulation
system 11 and the internal surface of the corrugated sheath g are completely
spaced apart and defining the annular channel 15 this is equivalent to a variation of
the width of the annular channel 15, in the axial direction X. The distance d could
also vary in the tangential direction along the periphery of each cross section, but
this variation mainly depends on the particular n-elliptical shape of the internal
surface gb of the corrugated sheath 9. The distance between any two coaxial lines,
one on the external surface 11a of the electrical insulation system 11 and one on the
internal surface 9b of the corrugated sheath 9 varies along the axial direction X.
The radial distance between the internal surface gb and the external surface 11a of
the electrical insulation system 11 is hence dependent of the location along the

axial direction X.

According to one variation of the arrangement 5, the electrical insulation system 11
and the corrugated sheath g define the annular channel 15 along a majority of the
length of the arrangement 5. For example, the annular channel may extend along
essentially the entire length of the arrangement, and thus of the dynamic high
voltage subsea cable comprising the arrangement. A liquid column extending along
essentially the entire length of a dynamic high voltage subsea cable may thereby be
obtained in the annular channel 15 when the dynamic high voltage subsea cable is
suspended in water between a platform and a subsea installation. At depth h the
pressure in the annular channel 15 is thus given by the density of the liquid, times

the depth, times the gravitational acceleration.

8764665_1 (GHMatters) P102767.AU
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Alternatively, the annular channel may extend along only that portion of the
arrangement which when installed is subjected to such high hydrostatic pressure
that it is necessary to provide pressure balancing by means of liquid such that the

corrugated sheath is not deformed.

The coaxially arranged electrically conductive core 13 and the electrical insulation
system 11 may according to one variation be freely suspended in the corrugated
sheath 9, in which case the distance between the internal surface 9b of the
corrugated sheath 9 and the external surface 11a of the electrical insulation system
11 may vary in each point along the axial direction X as the corrugated sheath 9
moves relative to the electrical insulation system 11. Alternatively, spacers (not
shown in the Figure) may be arranged between the electrical insulation system 11
and the corrugated sheath 9, in order to fixate the distance between these two
components. Such spacers may for example be distributed along the length of the
arrangement 5. The spacers may be compressible in the radial direction. In
particular, the compression modulus of the spacers may be lower than the
compression modulus of the electrical insulation system. The spacers may have an
open cellular structure which is permeable in the axial direction of the
arrangement. The spacer(s) is/are advantageously semiconducting. The resistivity

of the spacer(s) may for example be in the range 10-106 Ohm/cm.

According to one embodiment, the spacers may be a plurality of strands which are
helically arranged, in a parallel manner, around the electrical insulation system,
with a spacing in-between each strand in the circumferential direction. Due to this

spacing, the liquid is able to flow in the axial direction.

According to one embodiment, the arrangement may comprise spacers in the form
of a mesh. The mesh forms a grid-like structure and may be arranged around the
electrical insulation system, thus distancing the external surface of the electrical
insulation system from the internal surface of the corrugated sheath. The mesh is
hence arranged between the external surface of the electrical insulation system and
the internal surface of the corrugated sheath. The mesh may advantageously be
porous or permeable, especially in the axial direction of the arrangement to enable
accommodation of the liquid in the annular channel. The mesh may for example
have a cellular structure, with a plurality of through openings extending along the

mesh in the axial direction, to enable liquid flow in the axial direction. The mesh

8764665_1 (GHMatters) P102767.AU
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may for example comprise a polymeric material. In particular, the mesh may be

made of a polyolefin, such as polyethylene.

According to one embodiment, the arrangement may comprise spacers in the form
of a bedding. The bedding may for example be a porous tape wound around the
electrical insulation system. The tape may be wound in an overlapping manner,
leaving no external surface of the electrical insulation system exposed, or
alternatively, it could be wound with a distance between turns in the axial
direction. The porous characteristics of the tape enable the liquid to flow in the
axial direction, and it allows liquid to be arranged between the electrical insulation
system and the corrugated sheath. According to one variation, the bedding may be
a tape which has a width corresponding essentially to the dimension of the
circumference of the electrical insulation system. The tape may be folded around
the electrical insulation system, to thereby cover the electrical insulation system,
and form a spacer for distancing the external surface of the electrical insulation
system from the internal surface of the corrugated sheath. The tape may be made
of a porous material to enable the liquid to flow through the tape and to be
contained within the space between the electrical insulation system and the

corrugated sheath.

As shown in Fig. 3, a plurality of arrangements 5 may be arranged in a bundle to
form a dynamic high voltage subsea cable 19. The arrangements 5 are arranged in
an armour system and external cable sheath 19a. The number of arrangements 5
contained in a dynamic high voltage subsea cable 19 is typically equal to the
number of electrical phases in case of an AC cable. The armour system reinforces
the external cable sheath 19a, and may comprise a plurality of metal wires, e.g.

steel wires, as illustrated in Fig. 3.

It should be noted that a dynamic high voltage subsea cable could comprise a

single arrangement 5 in the case of DC applications.

According to one variation the dynamic high voltage subsea cable 19 is sealed at
both of its ends. Moreover, each corrugated sheath 9 defines a continuous external
surface of the arrangement 5 with which that corrugated sheath is associated, such
that the liquid is retained between the external surface of the electrical insulation
system and the internal surface of the corrugated sheath, e.g. in the annular
channel 15. There are hence no openings in the corrugated sheath or at the ends of

the dynamic high voltage subsea cable according to this variation, or at least no

8764665_1 (GHMatters) P102767.AU
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11

openings in fluid communication with any space between the external surface of

the electrical insulation system and internal surface of the corrugated sheath.

According to one variation, one end of the dynamic high voltage subsea cable may
be provided with a fluid reservoir in fluid communication with the space(s)
between the external surface of the electrical insulation system and the internal
surface of the corrugated sheath, e.g. the annular channel(s). Preferably this end is
the top end of the dynamic high voltage subsea cable when it has been installed. By
having a fluid reservoir in the top of the cable, pressure increase due to thermal
expansion of the liquid and insulation during cable heating can be accommodated

without increasing the pressure inside the corrugated sheath.

When manufacturing the arrangement, the corrugations of the corrugated sheath
could either be done prior to filling the annular channel with a liquid or after the
annular channel has been filled with liquid. If the corrugations of the corrugated
sheath are helical, the corrugation of the sheath is typically performed before
filling with liquid. The liquid can then be distributed along the length of the
arrangement by flowing through the helical channel structure. Another possibility
is to arrange a smooth-surfaced sheath around the electrical insulation system, and
the spacers in variations comprising spacers, and filling the annular channel with
liquid. The sheath may then be corrugated post-injection to obtain a corrugated
sheath.

It is envisaged that the arrangement and dynamic high voltage subsea cable

presented herein find applications within the oil and gas industry for example for
subsea HVDC/HVAC power transmission and power distribution systems, as well
as offshore power generation such as wind energy, tidal energy, wave energy, and

ocean current energy.

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.

Modifications within the scope of the invention may be readily effected by those
skilled in the art. It is to be understood, therefore, that this invention is not

limited to the particular embodiments described by way of example hereinabove.

8764665_1 (GHMatters) P102767.AU
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It is to be understood that, if any prior art is referred to herein, such reference does
not constitute an admission that such prior art forms a part of the common general

knowledge in the art, in Australia or any other country.

In the claims that follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or
“comprising” is used in an inclusive sense, i.e. to specify the presence of the stated
features but not to preclude the presence or addition of further features in various

embodiments of the invention.

8764665_1 (GHMatters) P102767.AU
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13
CLAIMS

1. An arrangement for a dynamic high voltage subsea cable comprising:

an electrically conductive core,

a corrugated sheath defining a radial water barrier, the corrugated sheath
having an internal surface,

an electrical insulation system arranged to insulate the electrically conductive
core from the corrugated sheath, the electrical insulation system having an
external surface,

at least one spacer arranged between the external surface of the electrical
insulation system and the internal surface of the corrugated sheath, said at least
one spacer being semiconducting, and

a liquid,

wherein the liquid is arranged between the external surface of the electrical
insulation system and the internal surface of corrugated sheath for counteracting

deformation of the corrugated sheath.

2. The arrangement as claimed in claim 1, wherein a distance between the internal
surface of the corrugated sheath and the external surface of the electrical

insulation system varies in the axial direction.

3. The arrangement as claimed in claim 2, wherein the internal surface of the
corrugated sheath is n-elliptical in any cross section of the arrangement containing

the liquid, and where n is an integer depending on where the cross section is taken.

4. The arrangement as claimed in claim 1 or claim 2, wherein the internal surface
of the corrugated sheath is n-elliptical in any cross section of the arrangement
containing the liquid, and where n is an integer depending on where the cross

section is taken.

5. The arrangement as claimed in any one of the preceding claims, wherein the
external surface of the electrical insulation system is essentially circular in any

cross section of the arrangement containing the liquid.

6. The arrangement as claimed in any one of the preceding claims, wherein the
corrugations of the corrugated sheath are defined by peaks and valleys, wherein

each peak and each valley extends around the periphery of the arrangement.

8764665_1 (GHMatters) P102767.AU
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7. The arrangement as claimed in any one of the preceding claims, wherein the

corrugated sheath is a metal sheath.

8. The arrangement as claimed in any one of the preceding claims, wherein the

corrugations of the corrugated sheath are helical.

9. The arrangement as claimed in any one of the preceding claims, wherein the
electrical insulation system and the corrugated sheath are spaced apart such that
the external surface of the electrical insulation system and the internal surface of
the corrugated sheath define an annular channel in the axial direction of the

electrically conductive core.

10. The arrangement as claimed in claim 8, wherein the electrical insulation
system and the corrugated sheath define the annular channel along a majority of

the length of the arrangement.

11. The arrangement as claimed in any one of the preceding claims, wherein the

liquid is a dielectric liquid.

12. The arrangement as claimed in claim 11, wherein the at least one spacer is a
mesh arranged around the electrical insulation system and comprising through-

openings extending in the axial direction.

13. The arrangement as claimed in claim 1, wherein the at least one spacer is a
plurality of strands wound in a helical manner around the electrical insulation

system with a spacing between each strand in the circumferential direction.

14. The arrangement as claimed in claim 1, wherein the at least one spacer is a
bedding arranged around the electrical insulation system and comprising a porous

material adapted to enable liquid flow in the axial direction of the arrangement.

15. The arrangement as claims in claim 14, wherein the bedding comprises a tape
of porous material, said tape having a width corresponding to a circumference of

the electrical insulation system.

16. The arrangement as claims in claim 1, wherein the at least one spacer is
compressible, the at least one spacer having a compression modulus lower than a

compression modulus of the electrical insulation system.
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17 A dynamic high voltage subsea cable comprising at least one arrangement for a
dynamic high voltage subsea cable including:

an electrically conductive core,

a corrugated sheath defining a radial water barrier, the corrugated sheath
having an internal surface,

an electrical insulation system arranged to insulate the electrically conductive
core from the corrugated sheath, the electrical insulation system having an
external surface,

at least one spacer arranged between the external surface of the electrical

insulation system and the internal surface of the corrugated sheath, said at
least one spacer being semiconducting, and

a liquid,

wherein the liquid is arranged between the external surface of the electrical
insulation system and the internal surface of corrugated sheath for counteracting
deformation of the corrugated sheath, and

wherein the at least one arrangement is arranged in an armour system and an

external cable sheath.

18. The dynamic high voltage subsea cable as claimed in claim 13, wherein the
dynamic high voltage subsea cable is sealed at both of its ends and each corrugated
sheath defines a continuous external surface of an arrangement such that the

liquid is retained within each arrangement.
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