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BRAIDED TERMINATION FOR FIBER SUBSEA UMBILICAL
LINE

Background

[0001] This disclosure relates to means to terminate a synthetic fiber strength member in
a subsea umbilical line to provide a high strength lifting connection between the

umbilical line and remotely operated seabed equipment.

[0002] Umbilical lines known in the art for subsea equipment, including remotely
operated vehicles (ROVs), seabed drill rigs, and trenching systems include steel-jacketed
umbilical cable, wherein outer windings of steel wire are disposed on the exterior of
electrical and/or optical conductors. The steel wires form a strength member for lifting
loads through the water column using the umbilical cable. Such cables may be
terminated in a “bullet” using a curable potting material that becomes solid and thereby
locks the steel wires into the bullet. Bullets using curable potting material are also
commonly to terminate umbilical cables that use synthetic fiber for the strength member,
but due to the different physical properties of certain types of fiber when compared to
steel, such terminations usually fail at less than 60% of the actual breaking strength of the
fiber strength member. It is possible to use more fiber in the strength member to increase
the breaking strength of terminations known in the art, however, more fiber increases the
weight of the umbilical cable, thus limiting the depth to which the umbilical cable may be
deployed. What is needed is a stronger termination for fiber strength member umbilical
cables that does not require increasing the breaking strength of the strength member itself

by adding material thereto.

Summary

[0003] In one aspect, a braiding process is used to weave a high-strength synthetic fiber
harness into a terminating end of an umbilical cable, resulting in a termination which may

exceeds 90% of the umbilical cable breaking strength.
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[0004]

[0005]
[0006]
[0007]
[0008]

[0009]
[0010]

[0011]

Other aspects and advantages of the will be apparent from the description and

claims which follow.

Brief Description of the Drawings
FIG. 1 shows components of an example subsea umbilical termination.
FIG. 2 shows an example of braiding a termination on the umbilical cable.
FIGS 3A through 3D shows element of an example termination braiding process.

FIG. 4 shows an example termination fixture coupled to an end of the example

umbilical cable.
FIG. 5 shows an example bullet type umbilical lifting connection.

FIG. 6 shows an example subsea apparatus frame lifting connection.

Detailed Description

An overview of example components of an umbilical termination is shown in
FIG. 1. An umbilical cable 1, which may include fiber (e.g., synthetic fiber) disposed
about insulated electrical and/or optical conductors extends into water from a vessel 1A
born crane 1B or launch and recovery system (LARS) of any type known in the art. The
umbilical cable 1 may have an inner core 3 (e.g., electrical and/or optical conductors) and
an outer, or strength core (not shown separately) made of fiber such as those sold, as non-
limiting examples, under the trademarks KEVLAR (which is a registered trademark of E.
I. du Pont de Nemours and Company, 1007 Market Street, Wilmington DE 19898 or
VECTRAN, which is a registered trademark of Kuraray Co., Ltd.,1621, Sakazu,
Kurashiki City, Okayama Prefecture, Japan . When cut and stripped of its outer jacket
(not shown separately), the strength fibers 2 are revealed. These strength fibers 2 carry
the load of subsea equipment 6 to and from the surface when deploying or retrieving the
subsea equipment 6. The inner core 3 of the umbilical 1 may include, as explained
above, insulated electrical conductor wires and/or fiber optic cables for power and control
of the subsea equipment 6. A harness 4A made of high strength synthetic fibers 4 may be

connected to the umbilical 1 by a braiding process. The braided harness 4A may be
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attached to the subsea equipment 6 using a lifting connector 5, examples of which will be

further explained below.

[0012] The subsea equipment 6 may be connected to the inner core 3 of the umbilical 1
for power and control, and the equipment 6 may be raised and lowered to the water
bottom or seabed 7 with the weight carried by the harness 4A as it is coupled to the lifting

connector 5 on the subsea equipment 6.

[0013] Referring to FIG. 2, in order to make the termination, the umbilical, shown at 8 in
FIG. 2, may be cut at a selected location after being disposed on a suitable fixture 13 on a
stand 12, and the outer jacket is stripped off to reveal the strength fibers 9, which may be
separated into bundles for braiding. The umbilical fiber bundles and harness bundles,
also shown at 9, may be aligned in preparation for braiding. The inner core 10 of the

umbilical 8 is brought through the center of the braiding area.

[0014] The braiding harness has at least one lifting loop which 11, when attached to the
subsea equipment (e.g., connector 5 in FIG. 1) will transfer the load from the equipment
(6 in FIG. 1) to the umbilical 8. The lifting loop 11 may be pre-formed prior to
attachment to the umbilical 8 by looping a length of fiber, which may be similar in
configuration to the fibers that form the jacket of the umbilical 8, and braiding the ends
thereof to form a closed loop as shown with a selected length extension 11A. The
extension 11A may have its fibers exposed, as shown at 9, for braiding to the exposed
fibers 9 at the end of the umbilical cable 8. Depending on the type of connection between
the lifting loop 11 and the subsea equipment (6 in FIG. 1), the lifting loop 11 may be
formed first and then engaged with a suitable component of the subsea equipment (6 in
FIG. 1), or may be looped around a suitable termination component of the subsea
equipment prior to braiding the lifting loop 11 to form a closed loop. Pre-forming as
shown in FIG. 2 may be used advantageously in some examples to have a ready

termination for coupling to the subsea equipment (6 in FIG. 1).

[0015] In FIG. 3A, the fiber bundles 14 of the umbilical and harness are brought together
and interlaced. The fiber bundles of the umbilical and harness are woven into each other

above and below an initial attachment point 15 as shown in FIG. 3B. Braiding proceeds
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to a pre-determined length (axial distance 16 from the initial attachment point 15) in
order to obtain a selected breaking strength as shown in FIG. 3C. Excess fiber 17 may be
trimmed and tucked into the braided length (16 in FIG. 3C) as shown in FIG. 3D,
completing the connection of the harness (11 in FIG. 2) to the umbilical (8 in FIG. 2).
The core of the umbilical is shown at 10 in each of FIGS. 3A through 3D.

[0016] In FIG. 4, the umbilical, shown at 18, may be removed from the braiding frame
(13 in FIG. 2) and may then be extended to a subsea equipment lifting point 21, which
may including lifting tabs 22.

[0017] The braided section 19 of the umbilical 18 may be fed into a lifting “bullet”
system 21 which, depending upon the selected configuration, may cither act as the

termination point for the umbilical (FIG. 5) or may be non-load bearing (FIG. 6).

[0018] Still with reference to FIG. 4, the inner core 10 of the umbilical 18 may be led
from the attachment point and may be connected to the subsea equipment (6 in FIG. 1) to
provide power and control as explained above. In FIG. 5, the lifting bullet (21 in FIG. 4)
may be connected to the subsea equipment, explained below. Lifting tabs 22 may secure

the lifting bullet 21 to the equipment (6 in FIG. 1).

[0019] In FIG. 5, a load transfer device may include a pin 23 secured to a load transfer
clement, e.g. a lifting sheave 25 into the interior of a lifting bullet 30. The lifting sheave
25 may have multiple grooves 24 to support multiple loops of the lifting harness. The
strength fibers of the lifting harness may be divided into multiple loops to distribute the
lifting load across the lifting sheave 25. The inner core 10 of the umbilical (18 in FIG. 4)
is led from the attachment point and connected, e.g., through a suitable pressure proof
connector, to the subsea equipment (6 in FIG. 1) to provide power and control. A load-
bearing frame 27 of the subsea equipment (6 in FIG. 1) may serve as the attachment point
for the bullet 30. Tabs 28 on the bottom of the bullet 30 may attach with a pin 31 to
corresponding tabs 29 on the subsea equipment load bearing frame 27. The lifting bullet
30 takes the load transferred by the umbilical termination and transmits it to the subsea

equipment frame 27 via the attachment tabs 28. The braided section 19 of the subsca
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umbilical termination transmits the lifting force from the umbilical termination to the

umbilical (18 in FIG. 4).

[0020] In another example shown in FIG. 6, a pin 23 secures the lifting sheave 25 to
termination support brackets 32. The lifting sheave 25 as in the previous example, may
have multiple grooves 24 to support multiple loops of the lifting harness (18 in FIG. 4).
Also as in the previous example, the lifting harness may be divided into multiple loops to
distribute the lifting load across the lifting sheave. 25 As in the previous example, the
inner core 10 of the umbilical may be led from the attachment point and connected to the
subsea equipment to provide power and control. The load-bearing frame 27 of the subsea
equipment (6 in FIG. 1) serves as the attachment point for the bullet 30. Tabs 28 on the
bottom of the bullet 30 attach with a pin 31 to corresponding tabs 29 on the subsea
equipment load-bearing frame 27. The lifting bullet 30 takes the subsea equipment load,
when the bullet is locked into a launch and recovery system, and transmits it to the subsea
equipment frame via the attachment tabs 28, 29. The braided section 19 of the subsea
umbilical transmits the lifting force from the umbilical termination to the umbilical (18 in
FIG. 4). The termination support brackets 32 transfer the load to the subsea equipment

load-bearing frame 27.

[0021] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be limited

only by the attached claims.
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Claims

What is claimed is:

1. A method for coupling a fiber strength member umbilical cable to a subsea equipment

load transfer device, comprising:

separating fibers of the strength member for a selected axial distance at an end of the
umbilical cable;

forming at least one fiber loop around a load transfer element of the load transfer device;

weaving ends of the fiber forming the at least one fiber loop into the separated fibers of
the end of the umbilical cable, a length of the woven ends from an initial
attachment point selected to provide a connection having a selected breaking

strength.

2. The method of claim 1 wherein the load transfer element comprises a lifting sheave
having a plurality of grooves, each groove having a corresponding fiber loop formed

therearound.

3. The method of claim 2 wherein the load transfer element is coupled to a lifting bullet, the

lifting bullet attached to a load bearing frame.

4. The method of claim 2 wherein the load transfer element is coupled directly to a load

bearing frame to transfer load therefrom.

5. The method of claim 1 wherein the fibers are separated such that a length of a central

core of the umbilical cable is extensible to a connector on the subsea equipment.

6. The method of claim 5 wherein the central core provides power and control to subsea

equipment.
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