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Umbilical

The present invention relates to an umbilical for use in the offshore
production of hydrocarbons, and in particular to a power umbilical for use

in deep water applications.

An umbilical consists of a group of one or more types of elongated active
umbilical elements, such as electrical cables, optical fibre cables, steel
pipes and/or hoses, cabled together for flexibility, over-sheathed and,
when applicable, armoured for mechanical strength. Umbilicals are
typically used for transmitting power, signals and fluids (for example for
fluid injection, hydraulic power, gas release, etc.) to and from a subsea

installation.

The umbilical cross-section is generally circular, the elongated elements
being wound together either in a helical or in a S/Z pattern. In order to fill
the interstitial voids between the various umbilical elements and obtain the
desired configuration, filler components may be included within the voids.

ISO 13628-5 “Specification for Subsea Umbilicals” provides standards for
the design and manufacture of such umbilicals.

Subsea umbilicals are installed at increasing water depths, commonly
deeper than 1000m. Such umbilicals have to be able to withstand severe

loading conditions during their installation and their service life.
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The main load bearing components in charge of withstanding the axial
loads due to the weight and to the movements of the umbilical are steel

pipes, steel rods, composite rods, or tensile armour layers.

The other elements, i.e. the electrical and optical cables, the thermoplastic
hoses, the polymeric external sheath and the polymeric filler components,

do not contribute significantly to the tensile strength of the umbilical.

Electrical cables used in subsea umbilicals fall into two distinct categories

respectively known as signal cables and power cables.

Signal cables are used for transmitting signals and low power (<1 kW)
subsea, such as to electrical devices on the seabed. Signal cables are
generally rated at a voltage smaller than 3000V, and typically smaller than
1000V. Signal cables generally consist of small-section insulated
conductors bundled together as pairs (2), quads (4) or, very rarely, any
other number, the bundle then being over-sheathed.

Power cables are used for transmitting high electrical power (typically a
few MW) subsea, such as to powerful subsea equipments such as pumps.
Power cables are generally rated at a medium voltage comprised between
6 kV and 35 kV. A typical power cable is illustrated in the accompanying
Figure 1. Going from the inside layer to the outside layer, the power cable
in Figure 1 comprises a central copper conductor 2a, semi-conductor and
electrical insulation layers 2b, a metallic foil screen 2¢, and an external
polymeric sheath 2d. The central conductor 2a generally has a stranded
construction and a large cross-section, typically comprised between
50mm? and 400mm?. Three phase power can be provided by three such
cables bundled together within the umbilical structure.
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An umbilical comprising at least one power cable is termed often a power
umbilical. Thus, a power umbilical includes one or more electrical power
cables, formed from one or more conductors, each conductor formed from

one or more strands.

The conductors of these power cables within a subsea power umbilical are
generally copper as specified in ISO 13628-5. They are not load bearing
components because of the low yield strength and high specific gravity of
copper. Moreover, these heavy copper conductors add considerable
weight to an umbilical and have very poor load carrying capacity, thus
limiting the sea depth that the umbilical can be deployed at. Unless
protected, these electrical conductors may be damaged by excessive
elongation or crushing, especially under severe conditions such as in deep

water and/or dynamic umbilicals.

It is an object of the present invention to overcome one or more of the
above problems and to provide a power umbilical which can be used in

dynamic or deep water applications.

According to one aspect of the present invention, there is provided an
umbilical for use in the offshore production of hydrocarbons comprising an
assembly of functional elements at least one of which is an electrical
power cable, characterised in that at least one conductor of at least one
electrical power cable comprises one or more 6000 series aluminium

strands.

6000 series aluminium comprises a series of wrought aluminium alloys
alloyed with magnesium (Mg) and silicon (Si). They are defined in the
European Standard EN 573-1 “Aluminium and aluminium alloys -
Chemical composition and form of wrought products — Part 1: Numerical
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designation system*. The four-digit numerical designation system specified
in this European Standard is in accordance with the International Alloy
Designation System (IADS) developed by the Aluminium Association,
Arlington VA 22209, USA. The first of the four digits in the EN 573 / IADS
designation system indicates the major alloying elements of the aluminium
or aluminium alloy. When it is equal to 1, the corresponding material
belongs to the “1000 series”, and is almost pure wrought aluminium, i.e.
comprising 99% or more aluminium. When it is equal to 6, the
corresponding material is an aluminium alloy belonging to the “6000
series”, and its major alloying elements are magnesium and silicon, which
form an Mg.Si precipitate to give better mechanical properties after heat

treatment.

6000 series aluminium strands can be formed from 6000 series aluminium

using the same ways and methods as known conductor strand formation.

Thus, in the present invention, at least one conductor of at least one
electrical power cable in the umbilical is an aluminium conductor where
one or more conductor strands is from the aluminium 6000 series instead
of being pure copper and being a pure copper conductor, such as the
central copper conductor shown in the power cable of the accompanying
Figure 1. Such a conductor can then be similarly insulated to that shown in
Figure 1 with semi-conductor and electrical insulation layers 2b, a metallic
foil screen 2¢ and an external polymeric sheath 2d.

The use of one or more aluminium 6000 series strands increases the
tensile strength and stiffness of the electrical cable for deep water

applications.
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It is known that copper conductors have a very good electrical
conductivity, which is the main reason why copper is obviously preferred
to aluminium for power cable applications. However, the specific gravity of
copper (around 8900 kg/m®) is much higher than the specific gravity of
aluminium (around 2700 kg/m°), being a ratio of about 3.3. Furthermore,
due to the Archimedes buoyant force, the relative weight difference
between aluminium and copper is much more significant in water; the
equivalent weight in water for aluminium is 1700 kg/m®, and for copper
7900 kg/m?, providing an increased ratio in water of about 4.65.

Thus, whilst the cross-sectional area of an aluminium conductor may be
almost double that of an equivalent copper conductor for a given operating
current and linear conductivity, the total weight in water of such an
aluminium conductor (for the same operating current and linear
conductivity) is only around 45% of the equivalent copper conductor.
Given the fact that the power cable conductors are usually the heaviest
components in an umbilical, replacing copper by aluminium makes it
possible to reduce significantly the overall weight of the umbilical for the

same operating current and linear conductivity.

Moreover, in deep water applications, copper cables would be
overstressed under their own suspended weight, and would therefore
have to be specially armoured with steel or composite wires. It has been
calculated that the maximum water depth possible for a vertically
suspended non-reinforced conductor is only around 775m for standard
annealed copper having a yield strength around 60MPa. Around this limit,
the tensile stress applied to the conductor at the topside point close to the

surface reaches its yield strength.
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In order to increase the water depth beyond this, and especially beyond
1000 and 2000m depths, the skilled man would have to reinforce the
copper conductor with steel or composite load carrying elements, or select
harder alloyed copper grades, in order to improve the mechanical
properties of the copper conductor. For the latter, quarter-hard copper
having a yield strength around 190 MPa for example would assist the
overstraining of the cable due to its own weight, but even harder copper
materials are still brittle under these conditions, and for deep water
applications, i.e. 2500m and more, even high strength copper would have
to be reinforced or armoured to avoid reaching the yield stress at the
topside area. Furthermore, this improvement would not reduce the
suspended weight of the power cable, which would remain the same or
greater if (steel) armouring is used.

The wrought aluminium alloys belonging to the 6000 series have high
mechanical properties (yield strength of around 200 MPa, and tensile
strength higher than 250 MPa) and a good electrical conductivity, so that
some of these materials are known for use as uninsulated overhead lines.
Because of their low specific gravity and high tensile strength, conductors
formed from these materials can withstand their suspended weight without
any armouring in much deeper water depths than copper conductors.

Indeed, the calculated limit at which the tensile stress at the topside
reaches the 200 MPa yield stress is around 12,000m for the 6000 series
aluminium materials, this being much higher than copper. As a
consequence, 6000 series conductors can easily withstand their own
suspended weight in water depths up to 4000m without armouring, and
their important load carrying capacity can be shared with the other
components of the umbilical to reduce the load in said other components.
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In one embodiment of the present invention, all the strands of at least one
of the conductors of the electrical power cable(s) in the umbilical are 6000
series aluminium strands. Optionally, all the strands of all the conductors
of at least one, optionally all of, the electrical power cable(s) in the

umbilical are 6000 series aluminium strands.

Preferably, one, some or all the 6000 series aluminium strands are formed
from one or more of the aluminium alloys designated 6101 or 6101-A or
6101-B, or one or more of the aluminium alloys designated 6201 or 6201-
A; as defined in the “International Alloy Designations and Chemical
Composition Limits for Wrought Aluminium and Wrought Aluminium
Alloys” issued by the Aluminium Association, Arlington VA 22209, USA.
These materials are those of the 6000 series having the better electrical

conductivity.

The 6101 and 6201 grades of 6000 series high tensile aluminium
conductors can also be referred to as “AAAC” conductors - All Aluminium
Alloy Conductors. There are also “AACSR” conductors — Aluminium Alloy
Conductor Steel Reinforced — being 6201/6101 (series 6000) + steel
grades. This standard terminology is defined in ASTM B354.

The AAAC conductors are manufactured from a heat treated, magnesium-
silicon high strength aluminium alloy, and have become favoured
conductors for overhead power lines. They have high electrical
conductivity and contain enough magnesium silicide to give better
mechanical properties after treatment. As well as their lower weight, there
is no magnetic effect due to the steel core and therefore better AC
resistance. Also there is no possibility of galvanic corrosion, which could
occur between the aluminium and steel if using the above-mentioned
AACSR conductors, or if using “ACSR” conductors - Aluminium Conductor
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Steel Reinforced, formed from standard 1350 aluminium from the 1000
series with steel reinforcement.

Such advantages increase the benefits of the umbilicals of the present

invention.

6201 AAAC conductors have a temper designation of T81, whilst the 6101
AAAC conductors are either T81 or T83 designations. The 6201-T81
conductors are specified in ASTM B399 with their composition specified in
B398. The 6101-T81 and 6101-T83 conductors are specified in CAN/CSA
610869. These international standards leave the exact chemical
composition of the alloy to the manufacturer, but an alloy containing 0.6-
0.9% magnesium and 0.5-0.9% silicon is specified in ASTM B398. There
is a tight control set on all the other impurities, such as Cu, Fe, Mn, Zn, Cr,
B, with a maximum allowable % so as not to greatly increase the electrical

resistance.

In particular, the 6101, 6101-A and 6101-B grades comprise 0.3 % - 0.7%
Si and 0.35%-0.9% Mg, in addition to 0.1% - 0.5% Fe, 0.05% - 0.1% Cu

and small amounts of Mn, Cr Zn, and B impurities.

The 6201 and 6201-A grades comprise 0.5 % - 0.9% Si and 0.6%-0.9%
Mg, in addition to 0.5% Fe, 0.04% - 0.1% Cu and to small amounts of Mn,

Cr, Zn and B impurities.

The 6201 and 6201-A aluminium alloys offer the better combination
between mechanical, electrical and corrosion resistance properties, and
are the best mode of the invention.
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In a preferred embodiment, the 6000 series aluminium strand(s) have a
yield strength higher than 200 MPa.

Preferably, the 6000 series aluminium strand(s) have an electrical
resistivity smaller than 35 nQ.m (nano-ohm metre). This corresponds to a
nominal conductivity higher than 49.25% IACS (International Annealed
Copper Standards).

In another embodiment of the present invention, at least one conductor of
the electrical power cable(s) comprises one or more 6000 series
aluminium strands and one or more 1000 series aluminium strands.
Optionally, all the strands of all the conductors of the electrical power
cable are a combination of 6000 series aluminium strands and 1000 series

aluminium strands.

The umbilical of the present invention may include electrical power
cable(s) able to provide 1-phase or 3-phase power.

The wrought 6000 series aluminium strand(s) are preferably tempered at
the level T8 defined in the European Standard EN-515:1 “Aluminium and
aluminium alloys- Wrought products — Temper designation”. Such a
process could involve the following process steps of solution heat

treatment, cold working and then artificial ageing.
Example of process:
1. Drawing an aluminium alloy rod of 9.5mm diameter into the required

size through a set of gradually size-reducing dies in a wire drawing

machine.
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2. Locating the material of step 1 into a furnace for heat treatment at a

constant temperature at around 540°C.

3. After the heat treatment, dipping the heat treated alloy into cold water in
a quenching tank. Its tensile strength is now about 150N/mm?2,

4. Drawing the material of step 3 into the required size in a wire drawing

machine.

5. Subjecting the drawn wire to ageing at 160°C temperature. Following

drawing and ageing its tensile strength is raised to around 310N/mm?.

The so-formed material has therefore derived its strength from two
sources, the intermetallic compound Mg,Si and the cold work introduced
by drawing.

The low temperature annealing has two effects:-

(a) artificial ageing causing precipitation of the Mg,Si particles and thus an

increase in tensile strength with a reduction in electrical resistivity; and

(b) partial annealing or recovery whereby the tensile strength is reduced

and the ductility of the metal is significantly enhanced.

The net effect is to produce a ductile wire with low electrical resistivity and

high tensile strength.

Embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:-
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Figure 1 is a sectional view through a prior art power cable as described

hereinabove;

Fig. 2 is a sectional view through a first subsea umbilical (10) according to
the present invention containing power cables (14), fillers (16), with an
outer polymeric sheath (12);

Fig. 3 is a sectional view through a second subsea umbilical (20)
according to the present invention containing power cables (22), signal
cables, optical fibre cables and thermoplastic hoses (24), and protected

with steel wire armours (26);

Fig. 4 is a sectional view through a third subsea umbilical (30) according to
the present invention containing power cables (32), signal cables and steel
tubes (34) and protected with steel wire armours (36);

Fig. 5 is a sectional view through a fourth subsea umbilical (40) according
to the present invention containing power cables (42), optical fibre cables
and steel tubes (44), with an overall polymeric sheath (46); and

Fig. 6 is a sectional view through a fifth subsea umbilical (50) according to
the present invention containing power cables (52), an optical fibre cabie
(54), fillers (56), and protected with steel wire armours.

An umbilical in accordance with an embodiment of the present invention
comprises an assembly of functional elements, such elements including
steel pipes and/or thermoplastic hoses, optical fibre cables, reinforcing
steel or carbon rods, electrical power cables, and electrical signal cables
bundled together with filler material and over-sheathed by a polymeric

external sheath.
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Examples of various assembly arrangements according to the present
invention are shown in Figures 2-6. Each of these embodiments includes
at least one electrical power cable, generally in a symmetrical
arrangement, and at least one conductor of one of the electrical power
cables comprises one or more 600 series aluminium conductor strands as
herein described. The strand(s) may be formed as described

hereinabove.

The present invention applies to individual power conductors and to
bundled power conductors (such as a trefoil bundle for a 3-phase power

supply).

The power umbilicals and power cables according to the present invention
can also be used to transfer the electrical energy generated by offshore

windmills from said windmills to an onshore terminal.

The 6000 series aluminium strands can also be used in or as a signal

cable conductor(s).

Various modifications and variations to the described embodiments of the
invention will be apparent to those skilled in the art without departing from
the scope of the invention as defined herein or in the appended claims.
Although the invention has been described in connection with specific
embodiments, it should be understood that the invention as claimed

should not be unduly limited to such specific embodiments.
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Claims

1. An umbilical for use in the offshore production of hydrocarbons
comprising an assembly of functional elements at least one of which is an
electrical power cable, characterised in that at least one conductor of at
least one electrical power cable comprises one or more 6000 series

aluminium strands.

2. An umbilical as claimed in claim 1 wherein all the strands of at least

one of the conductors are 6000 series aluminium strands.

3. An umbilical as claimed in claim 1 or claim 2 wherein one, some or
all of the 6000 series aluminium strands are formed from one or more of
the aluminium alloys designated 6101 or 6101-A or 6101-B.

4. An umbilical as claimed in claim 1 or claim 2 wherein one, some or
all of the 6000 series aluminium stands are formed from one or more of

the aluminium alloys designated 6201 or 6201-A.

5. An umbilical as claimed in any one of the preceding claims wherein
the 6000 series aluminium strands have a yield strength higher than 200
MPa.

6. An umbilical as claimed in any one of the preceding claims wherein
the 6000 series aluminium strands have an electrical resistivity smaller

than 35 nQ.m (nano-ohm metre).

7. An umbilical as claimed in any one of the preceding claims wherein
all the strands of all the conductors of the electrical power cable are 6000

series aluminium strands.
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8. An umbilical as claimed in any one of claims 1 to 6 wherein at least
one conductor comprises one or more 6000 series aluminium strands and

one or more 1000 series aluminium strands.

9. An umbilical as claimed in claim 8 wherein all the strands of all the
conductors of the electrical power cable are a combination of 6000 series

aluminium strands and 1000 series aluminium strands.

10.  An umbilical as claimed in any one of the preceding claims where

the electrical power cable is able to provide 1-phase or 3-phase power.
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