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Testing and Analysing Complex Loading Conditions
and Designs to Improve Subsea Cable Life

By Tim Poole
Excerpt from the Proceedings of the 2012 COMSOL Conference in Milan
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* JDR and our products

* Qualification for in-service conditions
* Cable Builder (LivelLink for Matlab™)
* Comsol Model

* Results

* Conclusions
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JDR provides:

Subsea power cables
Subsea production umbilicals
Subsea power umbilicals

Inter-array cables for offshore
wind energy

Al
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JDR Products MULTIPHUsSICS: WP
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@” Hartlepool, England - Quayside Facility MuLTIPHYSICS B
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T PROJECT DETAILS

e FPSO (Prosafe)
e 2 Drill Centres
e Internal Turret

Production
Installation

Flow Lines

Production Control
Umbilicals
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0o Practical Approach MULTIPHUSICS: AP

Tension: 0.5-10 te

| Pressure: — 3,000-15,000 psi
Cycles: — 100,000

Duration: > 1 month

Fatigue Testing

Tensile Testing
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Disadvantages

* Doesn’t recreate in service conditions
* Expensive

* Long Duration

* Dangerous

* Requires Manufactured Product

* Resources

* Critical path
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Advantages

* Can analysis the in service conditions
* Quicker to analyse

* Can be automated

* Earlier in project

* No risk
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Small-scale
tests of
Global Local umbilical
analysis analysis components
|
Distribution of S
Dynamic ‘ = curvgture { ) K
loads > .t tension >
- end angles
N
¥ In umbilical Endurance data
mponents: for umbilical
Bend % eomp
tiff - stresses components
Z' gner - strains
esign - slip
Full-scale
service life
testing
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@” Global Analysis MULTIPHUSICS: '

Small-scale
tests of
Global Local umbilical
analysis analysis components
/\ Y
, -
Distribution of S
Dynamic ‘ = curvgture { ) K
loads > 11 - tension >
\ - end angles
\\/ N
¥ In umbilical Endurance data
Banid N\ components: for umbilical
tiff - stresses components
Z' ak ¥ - strains
esign - slip

Full-scale
service life
testing
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Small-scale
tests of
Global Local umbilical
analysis analysis components
|
Distribution of S
Dynamic ‘ = curvgture K
loads > .t tension >
- end angles
N
¥ In umbilical Endurance data
mponents: for umbilical
Bend % eomp
tiff - stresses components
Z' gner - strains
esign - slip
Full-scale
service life
testing
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Cable Detail MuULTIPHYSICS: AP

Water blocked Copper Conductors Power / Optical / Chemical Injection

Extruded Semi-conductive Layers /.g'ff ) Composite Cable Key Data

XLPe Insulation H

Copper Tape Screen

Voltage : 8.7/15 (17.5kV)

Cores : 500mm2

Current : 690A

Cl Hoses : 12.7mm ID 5,000psi
Optical Fibres : 160ff Single Mode
Temp : 45deg C

Length : 2095m

Fibre Optics

Hoses

Polyethylene
Inner Sheath

Armour Package

Ballast Package

Dynamic Braid Dynamic Cable

Polyethylene

Cut-away and Slice
Outer Sheath
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P Cable Properties Input MuLTiPHusics: P

Continuum Blue Reference: JORO1-##=
JDR Project Reference: JR#HHHHE
End Client: X7
Date Issued to Client CONT NUUM
Drawing Reference: HU0996 Rev 00
Issue Date: 29/02/12
Address: Tredomen Innovation &
Technology Centre, Tredomen Park
Ystrad Mynach
Caerphilly, CF82 7FQ
United Kingdom
UMBILICAL Telephone: +44 (0) 1443 866455
TeleFax: +44 (0) 7792 901697
Component Desc) Value Notes/Comments
Umbilical diameter (mm): 189 il: info@continuum-blue.com
site: www.continuum-blue.com
CORE
Component Description Layer 1 {(inner most) Layer 2 Layer 3 Layer 4 {Outermost) Notes/Comments
core diameter (mm), 48.23 85
Total Number of Core Components 12 28
Number of cables 3 1
MNumber of hoses 0 13
MNumber of fibre optics 0 0
MNumber of fillers 9 15
Core lay angle (deq) 9.318 13.921
Pitch Length {mm); 1360 1360
Ratation (CW/CCW) CW Ccw

Armour layersiStrength Member

Comp Description Layer 1 (inner most) Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 (outer most) Notes/C.
MNumber wires 82 90
Inner diameter of layer (mm); 130 139.94
wire diameter (mm): 45 45
lay angle (deg): 23.54 19.81
Pitch Length 970 1260
Rotation CW. Gow

Material properties
Material Elastic Modulus (GPa) Poison’s Ratio Density (kg/im3) : Yield Stress Notes/Comments

Galvanised Steel (armour layers) 193 0.300 7800 armour
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Cables CONTINUUM
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MULTIPHYSICS "fb

&
O” Matlab LiveLink™

CABLE BUILDER

Tredomen Innovation &
Ak

Technalogy Céntre

CONTINUUM

uum-blue. com
atnuum- bluz.com

) " vy

CLICK HERE TO INPUT THE DATA FROM EXCEL SHEET ‘

o

o

File Name & Path Name
| TEMPLATE SPREADSHEET.xlsx

File Name : -

e |C:".|.Isers‘|Cc:ntinuum Blue\Desktop\CBD

Fanel

Type of MODEL
armour _ rops ballast
eee— filer
I

¥ SYMMETRY [~ ROTATION [ NON-SYMMETRY
hoss

Input Parameters
Sheath (INNERldnner @  [297-3499T  ghaath|OUTER|Inner @ [367 4783w

Shesth(INNER)-Outer & L’ﬁi-bﬁ‘-’ﬂ' Sheath{OUTER|-Outer @ | 400mm

S50B0 TSI TONESD

core

GENERATE CABLE

Pitch Longths ‘

Cable Build Length 0.975m
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> Example Cable Analyss-Corfinum Blue Cable.mph CONEOL Mitohy=ic- T e . - - e

File Edit View Options Help

0=a4 T D@ L BB D ohheEs
[T Model Builder el}h Selection List| = O Geometry [l Model Library = O|| b Graphics =0
& =t EtE 7| Build All A= e ¢ &
4 '3 Example Cable Analysis-Continum Blue C/| Units
= Global Definitions
4 A Modell {modl} Scale values when changing units
= Definitions Length unit:
Geometry 1 {geomi} |m v|
. #B Materials -
5 5olid Mechanics {solid) Angular unit:
Mesh 1 {meshi) |Degrees v|
252 Bend Study {std1}
225 Axial Study {std2) ~ Advanced
{53 Results Geometry representation:
CAD Import Module kernel -
Default relative repair tolerance:
le-6
Automatic rebuild:
On -
¥
[~
H
Messages &3 Progress Log| [Z| Results =8
1
4 1 3

9.96 GB |11.39 GB
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@” Mesh MULTIPHYSICS W@:@

File Edit View Options Help

=88 B o2& :d~- @~ ~ipr R-A-EE-G - =
T,, Meodel Builder %Se\ection List) = O |/&5 Mesh [l Model Library = 0d Graphics =0
@ o = B e 7] Build Al Qlexec@a~-aamé@il-bkk|leoc@ea|[F o|lm
4 % Bxample Cable Analysis-Continum Blue C|| = _ Mesh Settings
. = Global Definitions
a4\ Modell {modl} Sequence type: a3
» = Definitions User-controlled mesh - 0.2
. A\ Geometry1 {geomi} :
. 8 Materials
. 55 Solid Mechanics {solid}
. [E55 Mesh 1 {meshi}
. 222 Bend Study {std1}
= Yy 4 ,I
20 Axial Study {std2) /7 0/
= y LTS (TR,
. iz Results /l? ;’,’,’,’"’g;”ll”;,,
s hlion oy a0y, 05 sy,
%
Wl 0
20
¥
~
X
Messages &3 Progress Log| [£] Results =08

9.95 GB | 11.39 GB
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= CONTINUUM
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CONTINUUMBLUE

technology development
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@” Results — Components (Axial) juiriphusice W

Graphical Representation of Average von Mises, 1st Principal, Axial & Hoop Stress Data for Various Axial Loads

150 -=-Copper Cables (Quad Cores) Axial
Stress (szl)

—-Steel Armour (Quad Core
Reinforcing) von Mises Stress

Polymer Sheaths -External (HDPE
Only) von Mises Stress

Shess (MPa)

. -=Nylon — Hoses (Nylon) von Mises
- pd Stress

-+-yvon Mises Stress

a0
P Aramid — Reinforcing (External
Reinforcing) 1st Principle Stress (s1)
= 1 ==Aramid — Hoses (Hydraulic Hoses)
- Hoop Stress (syl)
=
10 X 0 L -
Axdal Laad (iKN)
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Graphical Representation of Average von Mises, 1st Principal, Axial & Hoop Stress or Various Axial Loads

00

-=-Copper Cables (Quad Cores) Axial Stress (szl)

= ~-Steel Armour (Quad Core Reinforcing) von Mises Stress

Polymer Sheaths -Extemal (HDPE Only) von Mises Stress

500

—~—Nylon — Hoses (Nylon) von Mises Stress

= ~=-Polymer Sheaths -Intemal (HDPE & XLPE) von Mises Stress

Stress (MPE)

Aramid — Reinforcing (External Reinforcing) 1st Principle Stress (s1)

==Aramid — Hoses (Hydraulic Hoses) Hoop Stress (syl)

o -

Send Rads (m)
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Results

COMSOL
MULTIPHYSICS
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Dynamic
loads

Small-scale
tests of
Global Local umbilical
analysis analysis components
|
Distribution of S
- curvature
i - tension
- end angles
N
\ In umbilical Endurance data
mponents: for umbilical
Bend % eomp
tiff - sfresses components
Z' gner - strains
esign - slip

Full-scale
service life
testing
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* Quicker

* Cheaper

 Can Be Conducted Earlier
* Automated Workflow
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