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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

[0005]  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



DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENTS [0005] Figure 1 illustrates a
cross-section of a preferred enbodi nent of an unbilical according to the
present iwoenddonm2 A preferred enbodi ment of the presercTiust@sioians
conprises an inner section 10 conprising at |east two inner tubes 12. In
one preferred enbodi nent, the inner section conprises at | east three inner
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further conprises a conposite fiber elenment 30 positioned between the two
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enbodi nesduciite Inrampgier prefaredosiibodihentatht itaesmigpibh caslak £fibdrRPAZkadlbi s
enbodi ment of the invention further conprises a conposite fiber elenent 30
posi ti oned[gpey)eeThidweniydi@entiorte: anehtidnefufth@topt LN coiAfdsiie MBHeRMeAUt er
wal | 24 surrounding the outer annular section. In another preferred
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In this preferred embodiment, the composite fiber element further comprises a first flared

a
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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 umbilicals 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.



Li yet another preferred enbodi nent, at |east one conposite fiber elenent

conprises a region having a substantially circular cross section, as shown
in Figurewd.200dd008p | n one preferred enbodi ment, the ourer/wprsloz2eecti on
conprises at |east two outer tubes |ocated on substantially opposing sides

of the inner section, at |east two transm ssion cables, each of which are
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i nst al | &ffldAadind use of unbilicals in deeper water without reqU|r|ng
upgrading of installation equipnent. In addition to radial fport an
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term nation having equivalent strength to that of the remai nder of the
urbi | i cenirispicthe inviestio-nation is illustrated in Figure 1. Such tension
menbers are typically steel tube conponents and/or steel arnor layers. In
anot her enbodi ment, the first end of the unbilical is connected to an axi al
tensi on nenber with which the first end of the unbilical shares an axi al
| oad. [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 nethod may be nmade wi thout departing fromthe spirit
of the invention. WHAT IS CLAIMED IS: 1. An unbilical conprising:



(a) an inner section conprising at |least two inner tubes; (b) a conposite
fi ber elenment positioned between the two inner tubes; (c) a conposite tape
surroundiwg 20éw7i3sper section; (d) an outer annul ar sectcorussasnmsdei ng t he
conposite tape and conprising at |east one outer tube and one transm ssion
cabl e; geg a conposite fiber el enent positioned between the outer tube and
t he traNédi ABBER:;ISand (f) an outer wall surrounding the outer annul ar
section. 2. The unbilical of claim1, wherein the transm ssion cable is

el ectically eendisiticaleomdrisiipe unbilical of claim1, wherein the

transm ssion cable is a fiber opti.c caﬁbl . 4. The_ unbilical of claiml,
wherein the & nera%éllﬂefﬁeﬁtl%ﬁﬂpg’é@ggéft ef‘sggé’?n%nr‘ﬂ;@@eﬁﬁnner tubes arranged in
a triangul ar goonf i i 5&@@3 i Do o0si tioned

bet ween each(tgai r b%? ﬁlgg%l%(@%?g%e%ﬁg? tubeﬂsff.8 b%%%éﬂuﬁga@%ecﬂglﬁb%f claim1l,

wher ei n t he i¢ner aseniposite tayge swnwedingitiainhgr decitat;ed rel ative to the outer
annul ar sectign. 6. The u iliéal of cl‘fi mfl, V\/nerx%ip each conposite fiber
el ement has &cr 088 OUEEE ISeCHORSULGHRTINg i fomPRyite iapg ARd eMpHig dli o

regi on conpri si ngidsf ddeur@Mbernd dhesRaanMsieRdasls; (b) a first flared

regi on connected to the first end; and (c) a second flared regi on connected
to the seconée)enda campTsite fiebelemsat pesitiaried beivesenhreoweriubaiaid thear ed regi on
is circular. 8. Tttle undi.l i c%l of .claim1l, wherein the outer annul ar section
conprises: (a) at "PRRESPREOIGARA " bes | ocated on substantially opposing

si des of thefynnean outer wall surrounding the outer annular section.

2. The umbilical of claim 1, wherein the transmission cable is electically 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 1, 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

(©) a second flared region connected to the second end.
7. The umbilical of claim 6, wherein each flared region is circular.

8. The umbilical of claim 1, wherein the outer annular section comprises:
(a) at least two outer tubes located on substantially opposing sides of the inner
section;
(b)  at least two transmission cables, each of said transmission cables located

between two outer tubes; and



section; (b) at least two transm ssion cables, each of said transm ssion
cabl es | ocated between two outer tubes; and(c) a conposite fiber el enent
| ocat ed bwbDweem7emeh adj acent pair of outer tubes and tpremasc@sioss2€abl es.
9. The unbilical of claim1l, wherein at | east one conposite fiber el enent

conprises a region having a substantially circular cross section. 10. The
unbi | i cal of (@I ai mcempositerigien elen@ntﬂmaqedgaweé@ﬁm asgasent Faiy eftouggidubesgi on
conprising a term | : ' ui val ent strength to that of the
reggindergof t he ﬁ%gﬁ%%@gg&ﬁk%%k$ﬁe unbi |i cal ofgclain110, further
conprising an axial tension nenber to which said first end is connected and
wi th whpch i Thehabéiikabof dxiial, wigerein a RastAne gofpbsitedibet elptenscomgprisegp an

i nner section conprising_at | east one inner tube; (b) a conposite fiber

el ement in t REGHpAINGRIbsERtalbEgirals §FR58 854191t ape surrounding the i nner
section; (d) an outer annular section surrounding the conposite tape and

conprisifg atpk aﬂx%hicfar\@fa&hﬁwﬁ@ah ﬂ(éaameﬂiearaag@ﬁ%@satjﬁ&%nﬁe%{&nt in the

outer annul ar section; and ( an outer wall surrounding the outer annul ar
section. 13. cdihprisinga térpuation haviagreqlialehistichgth to tmp of fiengmaintleraofshe ssi on
cable in the O%Her annul ar section. 14. The unbilical of claim 12, wherein
each conposi & Hoﬁler el enent has a cross sectional area conprising:

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

first end is connected and with which it shares an axial load.

12.  Anumbilical comprising:
(a) an inner section comprising at least one inner tube;
(b) a composite fiber element in the inner section;
(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 composite fiber element in the outer annular section; and

® 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 umbilical of claim 12, wherein each 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.

15.  The umbilical of claim 12, wherein at least one composite fiber element comprises a

region having a substantially circular cross section.

16.  An umbilical comprising:
(a) an inner section comprising at least two inner tubes and a comopsite fiber

element located between the two tubes; and



(a) a central elongated region conprising a first end and a second end; (b)
a first flared region connected to the first end; and (c) a second fl ared
regi on cowmoeodsdiice t he second end. 15. The unbilical ofcelwemsbys2evher ei n
at | east one conposite fiber elenent conprises a region having a
substantially circular crgss section. 16. An unbilical conprising: (a) an

i nner sect i onbkonpRiogtes vl surtegrding hs inpgsectiotbes and a conopsite fi ber

el enent | ocated between the two tubes; and(b) an outer wall surrounding the
i nner  sqgti ofpnelfnbilkl o iRl Gakvifeif t! M%sita\?ﬁ§reélanélhq1a§%@ |b8idulaPer
el ement has a cross sectional area conprising: (a) a central elongat eg{

regi on conpr iasdamgngrisingst end and a second end; (b) a first flared region

connected to the first end; d (.c) a second flared regi on.connected to the
cecond ond. {8 *Tie<THiaisaRdpLiEh SRPASOE AEH BN SBhERRPLEEE T ogion |s
circular. 19.prhe i fldr6d@tegftin Gnfbdd G thviigs 8hd) dhhe i nner section _
conprises at l'east three inner tubes arranged in a triangular configuration

and a conposi(tlke f iaseeons fiaredregion qenseatediodhic ssondend.each pair of adj acent
i nner tubes. 20. The unbilical of claim19, wherein at | east one conposite

fsleg'? :' Oﬁ'l%.me mTh%cl)l itichT 3¢ Qafnt 9‘7,Ow e@%‘r’l'eg& Rardd ?ésgtic?nnltslc%lchﬁér.m rcular cross

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.



