Production Facilities

Umbilical modeling aids fatigue prediction

As water defiths increase, madeling
techniques must keep pace.
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ntil recently, interactions

between internal components of

an umbilical have been more or
less neglected in modeling for futigue
prediction. However, in decper waters
and larger umbilicals, such interactions
can contribute significantly to creating
the condituons for umbilical fdlure.
DeepSea has independently developed a
suite of tools and processes for evaluating
the internal performance of large umbil-
cals i deep water, These tools and
processes allow the quantification of
inter-component friction stresses as an
integrated part of current project execu-
tion processes, They enable users o
make informed adjustments to designs
betore building and testng them, thus
enhancing the design process, reducing
installation risk and helping to contain
costs through the entire lifecycle of the
dynamic umbilical,

The challenge

Steel wibe umbilicals (STUS) link a
hast/control platform to associated wells
and provide the hydraulic, electrical, sig-
nal and chemical functionality required
for each well, Faillure of even a single
component in an umbilical will generally
halt production because well control or
flow assurance requirement has been
lost. Locatng a failure presents signifi-
cant challenges — repair 1o a dynamic
section is not feasible because of the high
level of structural integrity required
under the demanding conditions in
which operations take place. Therefore,
the processes and techniques used to
design STU systems for maximun relia-
bility and integrity need 10 maodel the
acual behavior of the components as
closely as passible
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To dare, the relatvely simple calenla-
tons used to analyze the behavior of
umbilicals in shallower waters have
vielded acceptable results. However, as
requirements shift towards deeper water
and farger dinmeter, heavier umbilicals,
the interactions between the umbilical’s
mternal components contribute adds-
tional stress and faigue, Using oradi-
tional methods of design in these
crcumstances can lead 1o a non-conser-
vative design, inareasing the hikelibood
of umbilical failure.

The next generation of design
Carrent design practices approximate
umbilicals as a single homogeneous struc-
ture. This approach leads to adequate
modeling of the “glohal” helavior of an
STU, i.e., the hehavior of a long length of
umbilical, but it falls far short of repre-
senting the behavior of the complex sys
temn of helically wound tubes and cables
inside the umbilical. Sophisticated
numerical tools such as ABAQUS are
capable of modeling the complicated
geometry and interactions inside an
umbilical; however, they are very demand-
ing of computing power and thus imprac-
tical for modeling the entire umbilical.
DeepSea’s approach combines proven
global systems models with more com-
plex 2D and 3D models 1o capture local
stresses and contact between internal
components. Starting with a global model
of the umbilical syswem, consurucied in an
industryrecognized tool, foree and curva-
ture time histories of the components 3
generated. These are converted and then
used as the input to local inite element
models of the umbilical

Al this stage, either a quase3-D or a full
3D approach can be adopted. In the
quasi-D approach, axial tensions are
applied to the umbilical: the radial forces
are calculated and applhied to the compo-
nents via a specially developed helical
clement producing quasi-3-1) modeling
in a detailed 2-D finite element model of
the erosssection

A cut-away view of meshed umbilical
components, (hmages courtesy of
DeepSea Engineering)

I'he quasi=i-D approach captures move-
ments and defonmarion of all the
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and components as well as the frictional
forces between them. It provides an
extremely efficient process for establish-
ing the fniction suess conuibuton that
should be included in fatgue analysis of
the umbilical, accounting for the inher-
ent asymmeny of an umbilical's layup.

I a full 3-D approach, a representative
3D length of the umbilical is modeled.
This provides more accurate inter-con-
ponent interactions, particalarly for large
STUs with multiple layers that are
counter-wouncd.

In addivon, full 3D modeling permits
beuer assessiment of the installation condi
tions as the umbilical passes through the
ensioner sysiem because it caprares the
corvect load tansfer from the tensioner
pads into the umbilical components,

Benefits of advanced modeling
In the past. lack of knowledge about
interactions between STU components
has been a major issue in fatigue assess-
ment of these structures, More accurate
modeling can result in detailed sogeted
changes to designs and technical specifi-
cadons, optimizing performance and
minimizing manufactuning cost.

These improved modeling capabilities
can also be applied 1o the installation
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A deformed cross-section of an wumbilical
while crushed by pads.

phase. Outcomes include more precise
assessments of acceptable weather win-
dows and a greater pool of installation
vessels 1o choose from. All operatons in
the installagon and the effects of wave
and current loading during the opera-
tion can be assessed for their impact on
the installability of the umbilical. When
laying umbilicals in deep water, com-
pression loading at touchdown point
can be assessed with greater accuracy.
This leads o greater confidence in the
assessment, which can allow costly lay
processes, such as kazy wave with distrib-
wted buoyancy, 10 be avoided, thus
reducing bath capital expenditure

and lay time,

Case study

DeepSea has been frequently commis-
sioned 1o assess erush loads dunng insial-
lation of steel tube umbilicals.

In one particukar case the client’s con-
cern was the potential damage through
crushing under tensioner pressure dur-
ing installation. The project successtully

modeled the complex interactions under

tensioner loading between the counter-
wound layers of internal components. A
similar issne exists for umbilicals that
provide individual conduits through
which the steel mbes and electrical com-
ponents are located. The internmal fric-
fion associated with this tvpe of umbilical
construction requires detailed inder
standing, as the fundamental approach
is for these conduits to minimize fricton
within the crosssection. This is beneficial
for dynamic fatigue response, but some
friction between components is required
1o ensure sufficient axial load sharing

An umbilical ¢ross-section (meshed).

between steel and copper components
and to ensure that the tensioner pres-
sure is correctly transferred into the
product during installation.

For the umbilical in question the rans
fer of the tensioner grip/ pressure to the
central tube was the focus of this study,
Detailed quasi-3-D and full 3-D finite ele-
ment modeling of the umbilical crosssec-
tion under tensioner crush loading and
axial tension was successfully imdertiken.
This showed all internal contact and
accounted for the manufacturing roler-
ances/gaps between components.

I'he results from the quasi->-D mocdel
showed that there was suflicient contact
between the outer counterwound layers
and the central tube after crush loading
and axial pull was applied 10 avoid it ship-
ping during installauon,

The difference between the quasi--D
and 3D results indicate short samples
(less than a pitch length) are less sall
radially than the full continuous umbili-
cal, thereby resulting in greater racial
deformation. This was expected as the
total helix structural capacity is only avail-
able for loading over a long, continuous
length of several pitches, The radial sufl-
ness of the full 3D model is a more aceu-
rate representation of the wue physical
situation.

Through use of the quase3-D and full
41 modeling techniques, it was possible
10 demonstrate 10 the client with high
confidence that the friction acting on the
central wibe due o load tansfer from
the tensioner pads was sudficient [or
installation without risk of damage, while
ensuring good dynamic fatgue
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