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POWER UMIBILICAL COMPRISING 
SEPARATE LOAD CARRYINGELEMENTS 

OF COMPOSITE MATERAL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of co-pending 
U.S. application Ser. No. 1 1/597,871, which was filed as 
PCT/NO2005/000215 on Jun. 17, 2005, and which claims 
priority to Applications Nos. 2004 2557 and 2004 4671, filed 
in Norway on Jun. 18, 2004 and Oct. 28, 2004, respectively. 
The entirety of each of the above-identified applications is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a power umbilical 
for transfer of large quantities of electric power, fluids and 
electric current/signals from the sea surface to equipment 
located on the seabed, in particular in deep waters, compris 
ing a number of power conducting cables, pipes and electric 
conductors/wires collected in a bundle, a filler material 
arranged at least partly around and between the pipes, cables 
and conductorS/wires, and a protective sheath enclosing the 
pipes, cables, conductorS/wires and the filler material. 
0004 2. Background of the Invention 
0005 Recently, it has been more common to locate pro 
duction equipment for oil and gas wells on the sea bed. 
Electric power is required to operate the production equip 
ment. This requires not only electric conductors to control 
operations, but also heavy cables for transmission of electric 
power to electrical equipment, Such as huge booster stations 
conveying recovered oil and/or gas. 
0006 Such heavy cables, normally manufactured of cop 
per wire, are now integrated into the more traditional umbili 
cal, which in turn is under continuous development and alters 
its construction and functions according to actual needs. 
These heavy electric cables have substantial transversal cross 
sections and provide the umbilical with considerable added 
weight due to the weight of copper. Because copper has a very 
poor load carrying capacity, the water depth at which the 
traditional umbilical can be used is very limited. 
0007. The traditional umbilicals are constructed as a com 
posite structure which is able to transfer hydraulic liquids, 
chemicals, fluids, electric and optical signals and electric 
power between equipment on the sea bed and on the sea 
Surface. An early version of Such umbilicals is disclosed in 
WO93/17176. Typically, most of the load transfer took place 
in a centrally located Steel pipe of Substantial dimension. 
Further examples of prior art are disclosed in GB2326 177A 
and GB 2326 758 A, all having the same assignee as the 
present invention. 
0008. It is to be understood that in the present description 
and patent claims, a clear distinction is made between electric 
cables, i.e. heavy and having a large transversal cross sec 
tional area, and electric conductors and wires, i.e. thin and 
having a small cross sectional area. Each electric cable is able 
to transmit large quantities of electrical power, while the 
electric conductors or wires are used to transmit Small quan 
tities of current and control signals. 
0009 Instantly it appears that steel rope could be used as 
load carrying elements. This, however, does not completely 
solve the problem. Steel rope also adds substantial weight 
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and, in combination with the heavy copper cables, the cables 
can not reach large depths before the power umbilical 
achieves yield stresses and are torn off due to its own weight. 

SUMMARY OF THE INVENTION 

0010. Substantial efforts and resources have been 
expended in order to find a solution on how to transmit large 
quantities of electric power down to the seabed at real large 
sea depths, such as 1500 meters and more. 
0011. This is now solved by combining a technology that 

is developed by the assignee of the present invention, the 
technology that is used for tension legs of floating platforms, 
Such as disclosed in WO 02/057560A1. 
0012. Thus, according to the present invention a power 
umbilical is provided, which is distinguished in that the power 
umbilical comprises separate load carrying elements. The 
load carrying elements are light weighted rods of composite 
material. The light weight rods of composite material may 
preferably be carbon rods having embedded strength fibers. 
The rods can either be collected in bundles or appear indi 
vidually or a combination thereof. 
0013 Composite material has approximately the same 
load carrying capacity as steel, at the same time the weight is 
reduced to about 10% of that of steel. Thus, the load carrying 
elements do not contribute substantially to the total weight of 
the power umbilical which thereby provides an option to use 
the power umbilical in deep waters. 
0014 Rods of composite materials could also be used in 
the traditional umbilical, even if the instant invention was 
conceived with regard to a umbilical that should be in the 
form of a power umbilical designed to transmit Substantial 
quantities of electric power. This is disclosed in simulta 
neously filed International patent application no. PCT/N005/ 
OO216. 
0015. In one embodiment the filler material, the pipes, the 
cables and the conductors/wires can be laid in a helix or spiral 
configuration about the longitudinal axis of the power umbili 
cal. 
0016. In a second embodiment the filler material, the 
pipes, the cables and the conductorS/wires can be laid in a 
Substantially rectilinear configuration without any twisting or 
spiraling. 
0017. The load carrying elements of the power umbilical 
can be collected in a twisted or spiraling bundle that is cen 
trally located as a core element within the power umbilical. 
0018. As an alternative the load carrying elements of the 
power umbilical can be distributed in a number of bundles 
located peripheral relative to the longitudinal axis of the 
umbilical. 
0019. As an alternative the power umbilical can also 
include weight elements in order to add mass/weight to the 
umbilical, either over its entire extent or in some sections. 
Weight elements will be used in those instances where the 
umbilical has a tendency to become buoyant, such as in shal 
low waters. 
0020. The filler material, the pipes, the cables and the 
conductors/wires can be laid in several layers viewed in a 
radial direction. 
0021. In some embodiments the power cables can be col 
lected in groups. 
0022. In one embodiment, the load carrying elements can 
consist of single rods that are distributed within the transver 
sal cross section, and Some may possibly be located adjacent 
to each other without being collected in a bundle. 
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0023. Even if not strictly necessary, the filler material can 
be in the form of elongated channel elements that are able to 
at least partly enclose the respective pipes, cables and electric 
conductors/wires in order to keep these in position relative to 
each other. 

BRIEF DESCRIPTION OF THE INVENTION 

0024. Other and further objects, features and advantages 
will appear from the following description of preferred 
embodiments of the invention, which are given for the pur 
pose of description, and given in context with the appended 
drawings where: 
0025 FIG. 1 shows a transversal cross section through a 

first embodiment of a power umbilical according to the inven 
tion having load carrying elements centrally located; 
0026 FIG. 2 shows a transversal cross section through a 
second embodiment of the power umbilical according to the 
invention; 
0027 FIG. 3 shows a transversal cross section through 
another embodiment of the power umbilical according to the 
invention having several load carrying elements peripherally 
located; 
0028 FIG. 4 shows a transversal cross section through 
another embodiment of the power umbilical according to the 
invention having the load carrying element centrally located; 
0029 FIG.5 shows a transversal cross section through still 
another embodiment of the power umbilical according to the 
invention having the load carrying element centrally located; 
0030 FIG. 6 shows a transversal cross section through still 
another embodiment of the power umbilical according to the 
invention having the load carrying element centrally located; 
0031 FIG.7 shows a transversal cross section through still 
another embodiment of the power umbilical according to the 
invention where the load carrying elements consist of a num 
ber of single rods not being collected in a bundle: 
0032 FIG. 8 shows a transversal cross section through a 
variant of the power umbilical according to the invention 
without the characteristic elongated channel elements; and 
0033 FIG.9-14 show examples of different variants of the 
transversal cross section of the power umbilical. 

DETAILED DESCRIPTION OF THE INVENTION 

0034. It is to be understood that it is possible to have two 
variants of the transversal cross section of the umbilicals 
shown in FIGS. 1-14, which do not appear from the figures, 
namely one where the individual elements of the umbilical 
are lying with a certain laying length about the longitudinal 
axis of the umbilical, and one variant where the individual 
elements are lying more or less in a straight line Substantially 
parallel to the longitudinal axis of the umbilical. For the 
detailed construction of a traditional umbilical and how it can 
be manufactured reference is given to the previously men 
tioned publication WO 93/17176. 
0035. The power umbilical according to FIG. 1 is basically 
constructed of the following elements: load carrying element 
7 having a bundle of rods 7 of composite material, electric 
power cables 5 of substantial transversal cross section, inner 
channel elements 3", for example of polyvinylchloride (PVC), 
electric conductors/wires 6,6', fluid pipes 4 normally made of 
steel, weight elements 8, or further strength elements 8, for 
example in the form of steel rope, and an outer sheath 1, for 
example of polyethylene (PE). The reference number 9' can 
denote a friction material, like a rubber sheath, lying around 
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the load carrying element 7. The reference number 9 can 
denote a pipe having a larger diameter than the fluid pipes 4 as 
illustrated in FIG. 3. The reference number 10 represents a 
filler substance different from the channel elements 3' and can 
be a foam Substance or similar material. In one embodiment, 
the rods 7" are carbon rods having embedded strength fibers. 
The diameter of such rods is in order of magnitude of 6 mm 
without Such dimension interpreted as any limitation. 
0036. The power umbilical according to FIG. 2-6 is basi 
cally constructed of the following elements: load carrying 
element 7 having a bundle of rods 7" of composite material, 
electric power cables 5 of substantial transversal cross sec 
tion, inner channel elements 3', intermediate channel ele 
ments 3, outer channel elements 2, electric conductorS/wires 
6, 6', fluid pipes 4 normally made of steel, weight elements 8, 
or further strength elements 8, for example in the form of steel 
rope, and an outer sheath 1. The reference number 9' can 
denote a friction material, like a rubber sheath, lying around 
the load carrying element 7. 
0037. These elements are repeatedly found in most of the 
figures and are denoted with the same reference number in the 
respective figures. However, it is to be noted that FIGS. 4 and 
5 omit the weight elements/strength elements 8 which are 
replaced with PVC profiles 8. FIG. 6 shows one single weight 
element 8. 
0038 FIG.7 shows in particular a variant having a smaller 
cross sectional area, but with the power cables 5 collected 
centrally about one single load carrying element 7 and a 
number of load carrying elements 7 in the form of single rods 
distributed about the power cables 5. In between the single 
rods weight elements 8 can be placed, typically rods 8" made 
of lead. Further, it has channel elements 2, 3 and an outer 
sheath 1. This provides a compact power umbilical requiring 
less space. 
0039 FIG. 8 shows another variant of the power umbilical 
where channel elements are not used, but a filler substance 10 
Such as a foam Substance. Otherwise, it has the same elements 
as above described, though differently located in the cross 
section. 
0040 FIGS. 9-14 show further variants of the power 
umbilical according to the invention. FIGS. 9 and 10 show in 
particular inserted weight elements 8 in the form of lead rods 
8". 

What is claimed is: 
1. A power umbilical for transmission of large quantities of 

electric power, fluids and electric current signals from the sea 
Surface to equipment arranged on the sea bed, said power 
umbilical being adapted for use at depths where power 
umbilicals having metal load carrying elements and electric 
power cables of Substantial transversal cross section, fluid 
pipes, and ropes which can create yield stresses that cause the 
metal load carrying elements to be torn off, said power 
umbilical comprising: 

a plurality of electric power conducting cables of Substan 
tial transversal cross section, pipes and electric conduc 
tors/wires collected in a bundle; and 

a filler material arranged at least partly around and between 
the pipes, cables and the conductorS/wires, and a protec 
tive sheath enclosing the pipes, cables conductorS/wires 
and filler material, 

wherein the power umbilical comprises separate load car 
rying elements, which load carrying elements are light 
weight rods of composite material having embedded 
strength fibers. 
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2. The power umbilical according to claim 1, wherein the 
light weight rods of composite material having embedded 
strength fibers are carbon rods. 

3. The power umbilical according to claim 1, wherein the 
filler material, the pipes, the cables and the conductors/wires 
are laid in a helix configuration about the longitudinal axis of 
the power umbilical. 

4. The power umbilical according to claim 1, wherein the 
filler material, the pipes, the cables and the conductors/wires 
are laid in a Substantially rectilinear configuration without 
Substantial twisting or spiraling. 

5. The power umbilical according to claim 1, wherein the 
load carrying elements of the power umbilical are collected in 
abundle located centrally as a core element within the power 
umbilical. 

6. The power umbilical according to claim 1, wherein the 
load carrying elements of the power umbilical are distributed 
in a plurality of bundles located peripherally relative to the 
longitudinal axis of the umbilical. 

7. The power umbilical according to claim 1, wherein the 
power umbilical includes weight elements in order to add 
mass/weight to the power umbilical. 

8. The power umbilical according to claim 1, wherein the 
filler material, the pipes, the cables and the conductors/wires 
are laid in several layers viewed in a radial direction. 

9. The power umbilical according to claim 1, wherein the 
power cables are collected in groups within the protective 
sheath. 

10. The power umbilical according to claim 1, wherein the 
load carrying elements are individual rods distributed within 
the protective sheath. 

11. The power umbilical according to claim 1, wherein the 
filler material is in the form of elongated channel elements 
which are able to at least partly enclose the respective pipes, 
cables and electric conductors/wires in order to keep these in 
position relative to each other. 

12. The power umbilical according to claim 2, wherein the 
filler material, the pipes, the cables and the conductors/wires 
are laid in a helix configuration about the longitudinal axis of 
the power umbilical. 
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13. The power umbilical according to claim 2, wherein the 
filler material, the pipes, the cables and the conductors/wires 
are laid in a Substantially rectilinear configuration without 
Substantial twisting or spiraling. 

14. The power umbilical according to claim 2, wherein the 
load carrying elements of the power umbilical are collected in 
abundle located centrally as a core element within the power 
umbilical. 

15. The power umbilical according to claim 3, wherein the 
load carrying elements of the power umbilical are collected in 
abundle located centrally as a core element within the power 
umbilical. 

16. The power umbilical according to claim 4, wherein the 
load carrying elements of the power umbilical are collected in 
abundle located centrally as a core element within the power 
umbilical. 

17. The power umbilical according to claim 2, wherein the 
load carrying elements of the power umbilical are distributed 
in a plurality of bundles located peripherally relative to the 
longitudinal axis of the umbilical. 

18. The power umbilical according to claim 3, wherein the 
load carrying elements of the power umbilical are distributed 
in a plurality of bundles located peripherally relative to the 
longitudinal axis of the umbilical. 

19. The power umbilical according to claim 4, wherein the 
load carrying elements of the power umbilical are distributed 
in a plurality of bundles located peripherally relative to the 
longitudinal axis of the umbilical. 

20. The power umbilical according to claim 2, wherein the 
power umbilical includes weight elements in order to add 
mass/weight to the power umbilical. 

21. The power umbilical according to claim 1, wherein the 
power cables are collected in groups within the protective 
sheath, and wherein the load carrying elements are individual 
rods distributed within the protective sheath. 
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