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application clains the benefit of U S. Provisional Application No.
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PREFERRED BNBEBIWENTS [ 0005] Fi gure 1 illustrates a cross-section of a

preferred enbodi nent of an unbilical
BACKGROUND OF THE INVENTION

[0003]) Umbilical cables are used to supply power and/or control signals from a
topside structure such as a platform to'equipment located subsea, such as a remotely operated
vehicle “ROV”. Due to increased operating/installation depths of umbilical systems,
umbilicals are typically subjected to increasingly higher levels of radial compression forces,
e.g. by installation equipment during the actual installation process. The present inveniton
relates to the use of composite fiber beam elements and/or composite taping layers and/or
composite fibers which may be incorporated directly into umbilicals when those umbilicals
are being manufactured, e.g. during an extrusion process. In this manner, compressive forces
may be distributed throughout the umbilical structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004)  Figure 1 is a cross sectional view of a preferred embodiment of the present

invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

f000S]  Figure 1 illustrates a cross-section of a preferred embodiment of an umbilical
according to the present inventions, A preferred embodiment of the present invention
comprises an inner section 10 comprising at least two inner tubes 12. In one preferred
embodiment, the inner section comprises at least three inner tubes arranged in a triangular
configuration wherein a composite fiber element is positioned between each pair of adjacent

inner tubes, as illustrated in Figure 1. In another preferred embodiment, the inner section has



according to the present inventions. A preferred embodi nent of the present
invention conprises an inner section 10 conprising at |east two inner
tubes 12. In one preferred enbodinent, the inner section conprises at

| east three inner tubes arranged in a triangular configuration wherein a
conposite fiber elenment is positioned between each pair of adjacent inner
tubes, as illustrated in Figure 1. In another preferred enbodi nent, the
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shown in Figure 1. In another preferred enbodi nent, each flared region is
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fi ber elenment conprises a region having a substant circul ar cross
secti on, aﬂlgeasqqgmgglpg appr&ml gloggated region 32 %ompnsmg a first end 34, and a second end 36.

In this preferred embodiment, the composite fiber element further comprises a first flared

region 37 connected to the first end, and a second flared region 38, connected to the second
end, as shown in Figure 1. In another preferred embodiment, each flared region is circular.
In yet another preferred embodiment, at least one composite fiber element comprises a region

having a substantially circular cross section, as shown in Figure 1.

[0009]  In one preferred embodiment, the outer annular section comprises at least two
outer tubes located on substantially opposing sides of the inner section, at least two
transmission cables, each of which are located between two outer tubes, and a composite
fiber element located between each adjacent pair of outer tubes and transmission cables, as

shown in Figure 1.

[0010]  Using composite fiber beam elements and/or composite taping layers and/or
composite fibers which may be incorporated directly into umbilicals, a more robust umbilical
design may be realized, allowing installation and use of umbiticals in deeper water without
requiring upgrading of installation equipment. In addition to radial support, an umbilical of
the present inventions may also be used as an axial tension member, e.g. by terminating them
in umbilical strength terminations in such a way was to share axial loads with one or more
existing tension members. In this embodiment, the umbilical comprises a first end region

comprises a termination having equivalent strength to that of the remainder of the umbilical.



[0009] In one preferred enbodi ment, the outer annular section conprises at
| east two outer tubes | ocated on substantially opposing sides of the inner
section, at least two transm ssion cables, each of which are | ocated

bet ween two outer tubes, and a conposite fiber elenent |ocated between
each adjacent pair of outer tubes and transm ssion cables, as shown in
Figure 1. [0010] Using conposite fiber beam el ements and/or conposite
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menber , eHQWlb@dternlnatlng them in unbilical strength terminations in

such a way was to share axial |oads with one or nore existing tension
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| ayers. %? t@gr enbodi nent, the first end of the unbilical 1is connected
to an aX|3P &HLF BY*Miber with which the first end of the umbilical shares
an axial load. [0011] The foregoing disclosure and description of the

inventions are illustrative and explanatory. Various changes in the size,
shape, and materials, as well as in the details of the illustrative
construction and/or a illustrative nmethod may be nade wi t hout departing

fromthe spirit of the invention. 3 WHAT IS CLAIMED IS: 1. An unbilica
conpri si ng:




(a) an inner section conprising at |east two inner tubes positioned beside
each other; (b) a first conposite fiber el enent positioned between the two
i nner tubes; (c) a conposite tape surrounding the inner section; (d) an
outer annular section surrounding the conposite tape and conprising at

| east on one transm ssion cable; (e) a second conposite
fiber el eﬁvelﬁ#t[ﬁ&(?‘?jg@ﬂ@@qéet ween the outer tube and the transm ssion
cable; and (f) an outer wall surrounding the outer annular section. 2. The
unmbi lical of claim1, wherein the transm ssion cable is electrically
conduct i vé:. 3Amuebilisalicompaisingf cl ai m 1, wherein the transnmission cable is
a fiber optic nney section
conpri ses at Ig@%q%?es%émﬁncémﬁs{n%%I%Etr@r?q 1rljt trllb\éwh P lgﬁﬁ& Pemdc cach
configuration athdr;a conposite fiber elenment is positioned between each
pair of adj acer@acfgr er tubes.. 5. The unmbilical of claiml1l, wherein the

i nner section [ ﬁk@wmsaalfbyr ¢lementawsitioped betiveen hettwe 1ner &besnnul ar
section. 6. Thgcglérga}ﬂgog@ S&Jr&hﬁrpgnthm?{ ?k&tlgg‘(:h conposite fiber el enent
has a cross tion area conpris cehtral el ongated region
conpri sing a f{d)sh carut aamdmasae&mmmd*rm&@&he cérapositefiapesindfdoaipeidingeg lcast
connected to the flrst end; and (c). a second flared region connected to the

second end. 7. °AhRUEHYPE p%pneotlraxg $M%6Ca0{fher ei n each flared region is
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conprises: (a) at least two outer tubes | ocated on substantially opposing
si des of the i tyarsmission cable; and

(f) an outer wall surrounding the outer annular section.

2. The umbilical of claim 1, wherein the transmission cable is electrically conductive,
3. The umbilical of claim 1, wherein the transmission cable is a fiber optic cable.
4, The umbilical of claim 1, wherein the inner section comprises at least three inner

tubes arranged in a triangular configuration and a composite fiber element is

positioned between each pair of adjacent inner tubes.

5. The umbilical of claim 1, wherein the inner section is concentrically located

relative to the outer annular section.

6. The umbilical of claim I, wherein each composite fiber element has a cross
sectional area comprising;:
(a) a central elongated region comprising a first end and a second end 36;
(b) a first flared region connected to the first end; and

(c) a second flared region connected to the second end.

7. The umbilical of claim 6, wherein each flared region is circular.



section; (b) at least two transm ssion cables, each of said transm ssion
cables | ocated between two outer tubes; and (c) a conposite fiber el enent
| ocat ed between each adjacent pair of outer tubes and transm ssion cables.
9. The unbilical of claim1l, wherein at | east one conposite fiber el enent
conprises a region having a substantially circular cross section. 10. The
unbilical of claiml, wherein the unbilical conprises a first end region

conpri sing. a t Fherumdilicahoh@xhiy Wiekiéin dhehtitersdnnaRg kéttion cohptis@t t he
remai nder of the wunbilical. 11. The unbilical of claim10, further

conpri sing an f&iakleastdweioyter e docated apiubstantidlyPpppsisg sidagiof the émnehect ed
and wi th which iI‘SeC%Bgres an axial load. 12. An unbilical conprising: (a) an
i nner section conprising at | east one inner tube; (b) a first conposite

fiber elenment (b)atlkastitioerans@izkiodarablesRatls oNGidtraefiission cadlednaated regi on
conprising a first end and a second end; (c) a conposite tape surroundi ng
the inner secti oRSM™WEAY t¥H 0BGt B0eHAd| ar section surrounding the conposite

tape and conpr t% ia’?:gnﬁabsi'teeﬁgér elé¥nt WA teHP&n a8 aﬁa&ﬁ?ﬁgfoﬁ(ﬁgﬁg@%ﬁdi ber

el enment in the outer "annular section conprising a “cent egi on
conprising a firsbenemdiamdatdessecond end; and (f) an outer wall surrounding
the outer annular section. 13. The unbilical of claim 12, further
conprising a transm ssion cable in the outer annular section. 5

9. The umbilical of claim 1, wherein at least one composite fiber element comprises a

region having a substantially circular cross section.

10.  The umbilical of claim 1, wherein the umbilical comprises a first end region
comprising a termination having equivalent strength to that of the remainder of the

umbilical.

11.  The umbilical of claim 10, further comprising an axial tension member to which

said first end s connected and with which it shares an axial Ioad.

12, Anumbilical comprising:
{a) an inner section comprising at least one inner tube;
(b) a first composite fiber element in the inner section comprising a central
clongated region comprising a first end and a second end;
(c) a composite tape surrounding the inner section;
(d) an outer annular section surrounding the composite tape and comprising at least
one outer tube;
(e) a second composite fiber element in the outer annular section comprising a
central elongated region comprising a first end and a second end; and

(f) an outer wall surrounding the outer annular section.

13. The umbilical of claim 12, further comprising a transmission cable in the outer

annular section.



14. The unbilical of claim12, wherein each conposite fiber elenment has a
cross sectional area conprising: (a) a first flared region connected to
the first end; and (b) a second flared region connected to the second end.
15. The unbilical of claim12, wherein at | east one conposite fiber el enent

1§ oal Heompd P ARG R SRR Brostociiebits Bbmf i 38ER Ry i nner

t ubes posi ti ongsttibesiage @aghisiigher and a conposite fiber el ement |ocated
between the two tubes; and (b) an outer wall surrounding the inner section.
17. The unbi | i €Rla fisst fiared ragies coppesied 1o thaérg 6adowidt e fi ber el ement has a

Cross secti ongl) a%g&ﬁdﬁg%&%g%ﬁggt?ﬁogﬁg%{C%hd L&Jngat ed regi on conprising

a first end and’a secon ared regi on connected to the
first end; and (c) a second flared region connected to the second end. 18.
The unbi |l i cal og claim 17, wherein each flared regi anjs Cf’rcul ar. 19. The
unbi | cal 1of cllas Hnbdicalpleglaimnl 3. preherein at least one spmpesiis ibes glement exmprisehr ee

i nner tubes aa;@g;l&pgaaji%egsﬁgs'{a%ng[ léié"‘ﬁé)‘%é%é@&d“gn and a conposite fiber

el enent is positione t ween eac alr o Jacent inner tubes. 20. The
unbilical of claim19, wherein at |east one conposite fiber el enment
conpri sesma re!%h?nr{blfl]%gllc%%paris?n%?ﬁ antially circular cross section. 6
(a) an inner section comprising at least two inner tubes positioned beside each other
and a composite fiber element located between the two tubes; and

(b) an outer wall surrounding the inner section.

17. The umbilical of claim 16, wherein the composite fiber element has a cross
sectional area comprising:
(a) a central elongated region comprising a first end and a second end;
(b) a first flared region connected to the first end; and

(c) a second flared region connected to the second end.

18. The umbilical of c¢laim 17, wherein each flared region is circular.

19.  The umbilical of claim 16, wherein the inner section comprises at least three inner
tubes arranged in a triangular configuration and a composite fiber element is

positioned between each pair of adjacent inner tubes.

20.  The umbilical of claim 19, wherein at least one composite fiber element comprises

a region having a substantially circular cross section,



