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Abstract

This document contains the detailed final design of the HiPRWind floating platform with the relesam data
Detail documentation are provided in Annexes Ato F.
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1 Introduction

The current document is a DRAFT version of tBeliverable D1.3Final Design of the floating
HiPRWind Platform. Due to the fact that certain design details need to be finalized in dependikace of
final details of the marine operations and the dynamic cable design that have not been detertihined by
date of closing Version lhereare certain gaps and uncertainties in this DRAFT version that will have
to be clarified in the final version of the Document.

There is also a second round of turbine loads present that needs to lie dstsfmine the safety
concentration factor®r the fatigue checkn a second iteration to check that the design actually is valid
as it is now, or if minor changes need to be implemented to enhance the fatigue performande of certa
unions.

The Final Design of the HIPRWind floating platform contains ssveain aspects as the structural
design influenced by all relevant aspects from-blatan, Geophysical and Geotechnical conditions at
the site of employment, to the Mooring, Transport, -Eseping and StabilityLoadOut, Marine
Operations, Turbine ando@trol analysis and their respective design implicatidiige fatigue analysis
was doneand the required testing of thnelds of thestructure to ensure the quality of the buildswv
defined. The Design was calculated and the construction drawings weesldrean the model.
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2 Structural and Seakeeping Calculations

The structural design of the floater is dividadwo different main sections, one is the Seakeeping and
the other is composed of the Structural Calculations, both with their respective aralgsiktions and
design implications.

2.1 Seakeeping:

During the detailed engineering phaseomplex simulation has been carried out taking into account
dynamic wind in asimplified way intothe uncoupled model.

211 Uncoupled Model

SIMO-RIFLEX which is an unaapled tool has been used for the uncoupled model. The dynamic
behavior of the floater is calculated without taking into account thetinealinfluence ofthe wind
turbine, which means thahe wind turbine loads are calculated separately and introducetein
calculation as dynamic loads but not calculated at each time step. This uncoupled tockimowell
software, extensively used ithe OIL&GAS industry with advanced hydrodynamic settings and
dynamic mooring implementation. SIMRIFLEX has been used tdesign the floater itself and the
mooring system.

To perform the analysis of the movements of the floater in time domain simulation {SIME&X) a
previous analysis in the frequency domaird ha be done to determine Response Amplitude
OperatordRAQY). This was performed with WADAM, software for hydrodynamic calculations done in
the frequency domain developed by DNV.

The response amplitude operator of motion shows the platform behavior of the Semisubmersible
structure.

In the following the resultef the calculatiorfor the 3 degrees of freedom are shown with pitch and
heave.
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Figure 1 RAOs for pitch and heave

These RAOswverethenlater onused in SIMGRIFLEX to carry out the final analysis of the mooring
system in Bladed tovalidatethe dynamic behavior of the platform and to obtain the time series that
were used for all the fatigue calculatio@mparealsowith chapteR.2.15.2

212 Fully Coupled Model

Bladed was used for the integrated wand wind response analyses.
Fully coupled model with Bladed was calculated and the results used in several other calculgtions (e
in the fatigue calculations).

100 {

i

Figure 2 Integrated model with the AW77 wind turbine mounted onthe semisubmersible
structure
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On basis of this combined model a series of calculations was performed with results that were later
used for the calculation of the platform (e.g. braces, columns, interconneetmns,

Figure 3 Location of semisubmersible floating platform nodes and members in the Bladed
Model

The location of semisubmersible floating platform nodes and members in the Bladed Model are given in
the figure above. For each of the nodes and members the forcemamsts were determined.
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Miode §0 2.581Hz

W x

Figure 4 Samples for different modes for Eigenfrequencies

Different modes for Eigenfrequencies were investigated and the vibration analysis was performed for
different frequencies complete sess of extreme load histograms were elaborated for the components.
The ultimate site specific loads were calculated to determine if the components will withstand the
ultimate limit states.

Furthermore the fatigue loads were determined. These were usasi@for the fatigue load analysis of
unions and components (e.g. of different brasesolumn).
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Figure 5 Sample of life time weighted equivalent loads

The Lifetime Equivalent Loads were determined. These are of maximumesttéor the fatigue
analysis. A visual way to show these fatigue analysis is the rainflow cycle exceedance diagwas that
created for all important components in the load path (e.g. bladeeta)b
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RS 100 1 - 1w T (-1 1 i ¥ N 1o

|

Figure 6 Sample of Rainfow cycle exceedance diagram for the components

Uncoupled and coupled tools were validated through a-twedede comparison and advantages and
disadvantages of both tools have been discussed in order to share and use the results in ilymther des
phases ashjuately. The use of both tools has been a sucdgséifiished design task With this
comparisorthe consortium managed to assure the reliability of many calculations aadctracy of
theresults.

These analyses, with both uncoupled and coupled llawk been used adasis for extreme loadcases
(compare withHigure24 Extreme Conditiorjsandthefatigue assessment of the substructure (hot spots),
basically for design of the braces and their transition details, and fatestign of the wind turbine
support (transition piece) where high dynamic loads were expected.

2.2 Structural calculations

221 Fatigue life assessment

The fatigue life of the joints in the floating support structure was assessed according to tterproce
suggeted irDNV-RP-C20316]. This document allows for the estimation of fatigue damage using SN
curves. SN curves show the relation between a stress range (S) and a number of cycles to failure (N)
The general form of an SN curvegiven as
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(¢

where 0 is the number of cycles to failurg,éis the stress range aredand | are constants given in
DNV-RP-C203[16]. The stress range was calculated by TWI, using Finite Element AnalysesgR&A)

load case data provided by Acciona Windpower (AW). For each joint an FEA model was set up and
three peak values for the stress were calculated: One for an applied axial §@Ff¢g 6ne for an
applied inplane bending moment (§ ¥}; and one for an applied eof-plane bending moment (¢},

see alscError! Reference source not found. The results were used to determine transfer functions
between the calculated peak stresses and the applied loads as follows

0=

A 3,0 ?/
. e6/4 eL‘J'é ea !
60— ; GJa' 6.51 ;

((33/40 ll? o a€31 °

where 65 6;2nd 6; zare the transfer functions for the axial force, th@l'&ne bending moment and
out-of-plane bending moment respectively. Similargg ”; “'Z“ and é¢7*°are the peak stresses

calculated for the axial force, the-mtane bending moment and enftplane bending moment
respectively. Using the transfer fuions, the peak stresses corresponding to the load cases provided by
AW were obtained:

AOD

&°= 6&(6° &3= Gdua &F= Gala
2D

where &3P eUa, and - are the peak stresses corresponding to the axial fG5&e in-plane
bending momem‘/ Ué and outof-plane bending moment 3£ as provided by AW, respectively. The
loads provided by AW are cyclic loads, so thereforecmeesponding peak stresses can be interpreted
as stress ranges, i.85° = ¢83°, &8 = ¢& % and &2 = ¢&7P2. This allows for the calculation of
the number of cycles to failure for each load case:

with 05 0§ and 05 denoting the number of cycles to failure for the axial loachlame bending
moment anaut-of-plane bending moment respectively. AW has supplied an expected number of cycles
per load range, which can be expressed as a fraction of the number of cycles to failure fod that loa
range. This is known as damagePer load case many load rangesl their expected number of cycles

are given, which means that the total damage per load case is a summation over the load ranges:

Y@a Y@a Y@aa
_ . 08 o 08, o 0%
&= | F36,& & | mpa,8s= | my(q
vas ~O v Yas “Udy Y@s O ay

where & & and & zare the damages as a results of the axial forgglaime bending moment and
out-of-plane bending moment respectiveBg Og’gmd 0%;indicak the expected number of cycles per

load range for the axial force,-plane bending moment and enftplane bending moment respectively.
Finally, Jis the number of load ranges.

The values for constantsand | are given in[16] for a range of situations. Two aspects were
considered when selecting the appropriate values. The first aspect was the classification afighg.geo

It was chosen to base the calculations on the Class D curve for the welded joints and on tBe Class
curve for the notwelded details. The second aspect was the environment of the structure. It was chosen
to calculate the fatigue life based on the SN curves in air, in seawater with cathodic protéttiandC

in seawater for free corrosion. The valegés=and | for these situations are given as follows:
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Table 1. Values for a and m for cathodic protection (CP) and in seawater.

Class ( Class [
Environment 0 € log - 0 ¢€ log -

[ [

Air C10: F73 | 12592 3 C10: F53 | 12.164 3

>10' | <73 | 16.320 5 >10' | <53 | 15.606 5

. C10° | F116 | 12.192 3 C10: F83 | 11.764 3

Seawater with CP >10° | <116 | 16320 | 5 | >10' | <83 | 15606 | 5

Seawater free corrosioh 12.115 3 11.687 3
2.2.2 Load case analysis

The load case data was pided by AW. AW had generated a model to predict the force and the moment
histories in the floating support structure, using software package Bladed. For all main intergectio

the model, a file was provided containing the expected number of cyclesgukrdnge for each
component of force and momefit8]. The force and moment components were defined in a global
coordinate system. The numbering of the nodes and members in the AW model is sltogurean

7[17]. All members connect two nodes. Of the two nodes, the one with the lowest node number is being
referred to as end 1, whereas the node with the highest node number is being referred to alseend 2. T
files containing tk load case data are named according to the following format:

Mbr <member number> End <end number>_1DMarkov.xls

Thus, in order to assess the joint corresponding to node Bgime 7, the load case data in file
‘Mbr 67 End1_1DMarkov.xlIs’ was required.

When applying the axial force,-plane bending moment and enftplane bending moment to some of
the joints, the directions of the loads happened to correspond to the global x, y and z disssifors,
example the joints indated with nodes 59 and 46 iRigure 7. If that was the case, it was

straightforward to use the transfer functidnsTy andT, fo obtain the stress range,sPE[ , (,PE,L and
¢PEL. For other joints it was necessary to resolve the vectors given by AW into components of the local
coordinate system in order to obt&f{, M5l and / 38.
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nodes brace structure
members brace structure
noges tower support
members tower support
nodes tower

memhbers tower
Figure 7 Nomenchture for nodes on Semisubmersible structure

2.2.3 Stress analysis
2.2.3.1 Introduction

To obtain the transfer functiofis, T4 and Ty, , FEA models were set up in ABAQUS 6.11. The joints

of the brace structure were assessed individually; however, due tontipder design of carrying loads

in the tower support structure, the joints in this part were assessed as an assembly. The gabmetry a
material properties for the models were provided by Olav dI$8n(Table 2). For each joirthree

different load cases were considered: An axial load, qolaime bending moment and an -offplane

bending moment. The loads are applied to reference points which are connected to the braces with
kinematic coupling constraints. The displacemerthefreference point in axial direction is constrained.

The models were meshed using quadratic shell elements. The size of the elements at the joints was
limited to a maximunof2t, wheret is the thickness of the joint, based on previous work carriedyout b
Smith et al and Smith and Maddok9, 20].
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2.2.3.2 Individual joints

The joints connecting the lower and diagonal braces to the columns (corresponding to nodest43, 44, 4
47,51, 52, 54, 55, 62, 63, 5ad 60 inFigure7) were assessed individually. The geometry used for the
FEA calculations is shown i&rror! Reference source not found. There is a difference between the

two joints that connect the column to the lower bra€hs.joint on the left ifError! Refere nce source

not found.is a plain joint, whereas the joint on the right is supported by a bracket between the column
and the brace. The addition of the bracket was proposed by Andédand fatigue life for this joint

was assessed with and without the bracket.

The directions of the loads for one of the joints are shoviarrior! Reference source not found. The

green reference plane definegpiane bending and owff-plane bending. Ae boundary conditions were
applied to theentersof the top and bottom plates. At the bottom plate, the displacements in x, y and z
direction and rotation around the z axis were fixed. At the top plate, the displacements in x and y
directions were fixedl he top and bottom plate had an artificially high stiffness of ten times the stiffness
of the material.

The following loads were applied to the reference point in order to obtain the transfer functions:

FIE=1N
Myn== 1 Nm
MJIE=1Nm

2.2.3.3 Tower support assembly

The joints that are part of the tower support (corresponding to nodes 45, 48, 49, 50, 53, 56687, 58
64, 65, 66, 73, 74, 75, 76, 77 and 78-igure7) were assessed as an assenibiyor! Reference

source not found.shows the geometry of the FEA model, which includes all three columns. Only one
of the columns was meshed with small elements at the joints, in order to keep the computation time
limited.

The loads were applied to the tower, as fatiguthe joints was expected to be entirely related & th
dynamic loads from the toweR]]. Due to a close to linear relation between the bending moment and
the shear force in the tower, a shear force was applied in the rBadeld on calculations by Olav
Olsen, the loads were applied 31.8m from the point where the tower intersects with the diagonal
tower support braces (node 81Higure7). For the applied shear forces, the corresponding bending
moments were calculated, in order to obttie transfer functiongp]. It was chosen to the load case
data at node 82 ifrigure 7, which means that the data in file ‘M®8 End2_1DMarkov.xIs’ was
requred. Node 82 was locateZl2m above the intersection point between the tower and the tower
support braces. The bending moments were calculated as follows:

M,= F(a Fx)

whereF is the applied shear forcH , the corresponding bending momeatis the arm between the
point where the force is applied and the intersection poinkandhe arm between the point at which
the load case data was considered and tleesettion point. The applied forces were I, which
leads to the following loads:

FIE=1N
Mgn== 286 Nm
M3'E= 286 Nm
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The directions of the axial and shear forces are sholnran! Reference source not foundand listed

in Table3. Boundary conditions were applied to tentersof the bottom planes of the columns. For the
column with the fine mesh theenterwas fixed in x, y and z directions. Thenterof one of the other
columns was fixe in x and z directions and tleenterof the remaining column was fixed in z direction.

2.2.4 Resultsstructural calculations
2.2.4.1 Introduction

The maximum principal stresses were evaluated to obtain the peak stresses that were needadieto calcul
the transfer furtions. The model consists of shell elements and it was therefore necessary to extract the
stresses on the outer layer of the elements, which in this case wagBf0G&ces with normals along

the underlying element normals define the SPOS fdaeyisuaize the stresses in the joint, only the
required brace was displayed. This means that all other components, including parts of thetls#ce tha
inside the column, were made invisible. This way the peak stresses were not influenced by averaging
stressesrbm other elements.

2.2.4.2 Individual joints

Three models were used to assess the joints between the columns and the lower horizontal ahd diagona
braces. Model 1 was for the joints between the columns and the lower horizontal braces (nodes 43, 46
51, 54, 59nd 62 inFigure7), model 2 was for the same joints but with the supporting bracket and
model 3 was for the joints between the columns and the diagonal braces (nodes 44, 47, 52, 53 60 and

in Figure7). The peak stresses were obtained from the FEA models and the damage was calculated for
two different environments. The results are giverEiror! Reference source not found.to Error!

Reference source not found.The coresponding stress plots are showrEimor! Reference source

not found.to Error! Reference souce not found.

2.2.43 Tower support assembly

The different models that were used to obtain the peak stresses for the tower support assembly are
named A, B, C, D, E ahF, as indicated iferror! Reference source not found. The damage is
calculated for the SNurves in air. The results are presenteftiimor! Reference source not foundto

Error! Reference source not found, with the coresponding stress plots shownError! Reference

source not found.to Error! Reference source not found.

As only one of the columns in the model was meshed with small elements, results of different models
were used to assess the fatigue life forwemjiload case. The model that was used for the results in
Error! Reference source not foundto Error! Reference source not found.is given in the column
‘Model".

2.2.4.4 Discussionof results for structural calculations

The fatiguélife for the joints in the structure can be easily evaluated by looking at the final column of
Error! Reference source not foundto Error! Reference source not found. The cases that lead to a
damage that exceeds 1 areidgatked in red.

The damage exceeds 1 for the joints between the columns and the lower horizontal braces. This is the
case for assessment in seawater with cathodic protection and for seawater without cathodiaprotectio
The addition of the supporting biaet does substantially improve the fatigue life, but even with
cathodic protection the damage exceeds 1 for this case. Values for the damage are below 2 though, so
the joints are not expected to fail within 10 years.

Another joint that experiences damageeeding 1, is the joint between the columns and the diagonal
braces. This, however, is only the case when there is no cathodic protection.
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2.25 Conclusionfor structural calcualtions

The critical joints in the floating support structure are the joints iteticaith node 43, 51, 54 and 62 in
Figure 7 Nomenchture for nodes on Semisubmersible structiieen with cathodic protection and
supporting brackets the damage of these joints will exceed 1.

Other critical joing are the ones indicated with 44, 52, 55 and 63gare7 Nomencéture for nodes on
Semisubmersible structyreut only in the case when no cathodic protection is used.

Since there has been acerd set of loadbeen produced for the present design a second iteration of
these present calculations will have to be performed. It is expected that the final version of this
document will then show the final results for those nodes mentioned afiblve uncriticalin all cases
Cathodic protection will be implemented anyhdmw.case that thaboveresults are confirmednd the
values remain highfor some nodes,small design changes (compare also wil2.6.4 and
2.2.6.9couldbeto reduce the values at the relevant naddanplemented to achieve a high safety
marginfor the design

Table 2: Material properties for steel (Anderson (03/01/2012, 12:34)).

Young’s modulus, F 2 105

Poisson’s rati 0.33

Table 3: Loading directions for the applied moments in global coordinate system

/¢ [ [
In plane loading for column F0.866025404 05 0
Out of plane loading for columr FO.5 F0.866025404 0
In plane loading for column 0 F1 0
Out of plane loading for columr F1 0 0
In plane loading for column 0.866025404 0.5 0
Out of plane loading for columr 05 F0.866025404 0

The SCF (stress concentration factors) have been usedfiotkie design. These SCF were calculated
for axial, “in plane” and “out of plane” bending moments according to the schertiagitcan be seen
in Error! Reference source not found.

With the respective loading the fatigue calculationdatbe performed on basis of the SCF.

These analyses, with both uncoupled and coupled tool, have been used as basis for extreme load cases
and fatigue assessment of the substructure (hot spots), basically for design of the braces and their
transition detds and for the design of the wind turbine support (Transition Piece) where high dynamic
loads were expected. Results for the detailed desigshown in the following

2.2.6 Braces

A local linear finite element analysis for the connection of lower and diabomees to the columns of

the floater has been performed. The local analysis has been performed to check the structusal behavi
of the structure and to identify locations with stress concentrations. The location of strestratioren

are as expectedd the general local design seems reasonable.
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2.2.6.1 Model description for Brace structural calculations

Selected part for
local model

Figure 8 Part of column selected for local model

The selected part for the local analysis of lower and diagonal brace conragetisimown irFigure 8.
The ABAQUS model used for the local analysis is showRifgure9 and Figure 10. In principal the
model contains 4hode gesral purpose shell elemantith full integration (ABAQUS: S4). These
elements are suitable for both thick and thin shells. Somedad triangular elements have been
included in complex areas. Thicknesses, dimensions etc. are found in relevant spreadsheet

Figure 9 (A) shows the outer geometry of the local model in ABAQUS, while (B) shows the
coherent mesh.
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Figure 10 (A) shows the inner geometry of the local model in ABAQUS, while (B) shows the
coherent mesh

2.2.6.2 Results—diagonal braces
2.2.6.21 Axial load:

Stress levels in the diagonal braces when under axial loading are shé&igur@ll, Figure12 and
Figurel3.

Figure 11 Von Mises stress for outer geometry under axial loading of diagonal brace. The
maximum stress value over the cross section is shown. (Stress values are in Pa)
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Figure 12 Von Mises stress for geometry without outer shell under axial loading. The
maximum stress value over the cross section is shown. (Stress values are in Pa)

Figure 13Von Mises stress for inner geometry, brace removed, undeial loading. The
maximum stress value over the cross section is shown. (Stress values are in Pa)

2.2.6.2.2 Moment about local “horizontal” axis:
Stress plots for moment about local “horizontal” axis are showigurel4.
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Figure 14 Von Mises stress for moment about local “horizontal” axis of diagonal brace. The
maximum stress value over the cross section is shown. (Stress values are in Pa)

2.2.6.2.3 Moment about local “vertical” axis:
Von Mises stress pts for a moment about local “vertical” are showrrigure15.
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Figure 15Von Mises stress for moment about local “vertical” axis of diagonal brace. The
maximum stress value over the @ss section is shown. (Stress values are in Pa)

2.2.6.3 Results—Ilower braces
2.2.6.3.1 Axial load:
Von Misses stress plots for axial loading of lower brace are givEigunel6, Figurel7 and~igurel8.

Figure 16 Von Mises stress for outer geometry under axial loading of lower brace. The
maximum stress value over the cross section is shown. (Stress values are in Pa)
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Figure 17 Von Mises stress for inner geometry under axial loading of lower brace. The
maximum stress value over the cross section is shown. (Stress values are in Pa)

Figure 18 Von Mises stress for innergeometry (brace removed) under axial loading of lower
brace. The maximum stress value over the cross section is shown. (Stress values are in Pa)

2.2.6.3.2 Moment about local horizontal vertical axis:
Results fomomentabout local vertical axis of lower brace gieen inFigurel9.
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Figure 19 Plot of Von Mises stress for moment about local horizontal axis of lower brace. The
maximum stress value over the cross section is shown. (Stress valuesiarPa)

2.2.6.3.3 Moment about local horizontal axis:
Von Mises stress plots for bending about local vertical axis are givagune20.
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Figure 20 Plot of Von Mises stress for moment aboubical vertical axis of lower brace. The
maximum stress value over the cross section is shown. (Stress values are in Pa)

2.2.6.4 Stress reduction by brackets

Thestressconcentrations found above have to be considered with respect to fatigue. If the fatigue life o
the structure is not satisfactory some modifications have to be carried out. In that respect some
preliminary studies of possible bracket designs have been conducted. The brackets are placed in the
horizontal plane at the intersection between lower baacethe outer shell. The brackets are shown in

HiIPRWind,FP7ENERGY-20101, #256812 page29of 79



HiIPRWind project HiPRWindFinal Desig of the floating Platform
D1.3- 2014/0580 v02

Figure2l. The brackets are 15 mm thiakdthe height of the bracket toe is approximately 15 mm from
the central line of the shell surface.

The bracket is approximaly 300 mm long and 300 mm wide. Several other bracket configurations have
also been studied andstvery important to have a small height at the bracket toe.

Figure 21 Proposed bracket system

Results for axial loading of tHewer brace with the proposed brackets are presentégime22. The
maximum stress concentration in the horizontal brace is reduced fromIP®@o approximately
165MPa, and it is moved from the outer shellenstection to the bracket toe. There is a stress
concentration of approximately 200Pa in the brackets, but this concentration is in an area without
welding so itwould not be critical with respect to fatigue. Similar stress concentration reductions are
observed for local bending of the lower brace about the vertical axis. A corresponding brack&bmiefinit
should be used in the vertical plane if the stress concentrations due to bending about thellztigonta
should be reduced. Similar definitions of tkats can also be used for the connection of diagonal braces
to the column.
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Figure 22 Plot of Von Mises stress for axial load of lower brace with brackets. The maximum
stress value over the cross section is shown. (Stressueal are in Pa)

Another change has been done for the interior brackets to reduce stress in the critical hottpots of
unions in the interior. In the critical areas material has been removed and smaller bracketsraoe.use
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Figure 23 Comparison old versus new solution for the brackets for the lower braces

227 Design check under extreme conditions by BV

BV performed a design check for the design of the floating structure for extreme conditions. The
evaluation has been done diffetly to the design check performed Bfav Olsonto allow a cross
checkfor the design and to verify if there were additional hot spots that had to be date of
especially in the zones of the structural tubular connections which were dieebatke nost critical.

2.2.7.1 Load cases for extreme conditions
The load cases used for the final check of the structure are taken from the extreme load cases matri

Figure 24 Extreme Conditions
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The whole load casesanediscussed and validad for mooring extreme analysis.the structural point

of view only load cases 1, 7, 8 andv@re relevant for thevave return periodt was alscassumd that

wind forces are always maximum in load cases 1, 7, 8 and 9 (maximum thrust force fromghe thru
coefficient relative to wind)Z46]. Wind forces are applied at turbine point X=0, Y=0, Z=60m (above
free surface) and Fwird 265kN; Mwind = 17254kNm. Wind force isassumedn the same direction

as wind direction, momens idefined perpendicular at the force.

2.2.7.2 Methodology:

Figure 25BV Methodology

This methodology is different from the one chosen by Olav Olsen (design wave analysis with DNV
criteria). This will allow to identifying possible othepthspots in the structure. The check focuses on
most probable critical points that are structural tubular connections.

2.2.7.3 Modeling

a. Time domain analysis

For each load casaeprtlinear time domain simulations of 3tereperformed. Wave forces come either
from hydrodynamic panels for columns, either from Morison elements for braces and columns. For
columns, only Morison damping terwasconsidered in Morison elements. The structuas modeled

by beams and FE#as performed for the 3h simulation. Outputere internal forces and moments in
beams.

b. Statistical postprocessing

From 3h simulations, combined stresses in beamre computed using the formula 5.3.1 of Bureau
Veritas NR445- Rule for classification of offshore units, Part B, Sectio#]3 For beams, combined
stresses (based on Von Mises formulativa)e defined as following:

HiIPRWind,FP7ENERGY-20101, #256812 page33of 79



HiIPRWind project HiPRWindFinal Desig of the floating Platform
D1.3- 2014/0580 v02

Where:

and:

N: axial force in X axis

Ty: shear force in Y axis

Tz: shear force in Z axis

D: equivalent diameter of the beam
S: area of thdbeam section

ly: inertia in Y axis

Iz: inertia in Z axis

Then extreme stresses with arcarrence probability of 0.001 were calculated fitbeld on a Weibull
probability distribution. Extreme stressegre then compared t8V NR445 criteria.This way of
proceedingresulted inan evaluation of stresses coming from the current combination of forces that
occurs in a representative sea state.

c. Validation of the design:

At critical points (brace connections at columns and tower), a compasig®rdone betwee the

calculated extreme stresses with an occurrence probability of 0.001 and the criteed ite5.2.1 of

BV NR445. If the criterionwas not matched, a local FEM with modified plate thicknesses

computed to check the stresses according toNB45.The check wa done using the safety factor
SGHVLJQ ™ . 7KH PDWHULDO VWUHQJWK %&RSHWP&G FEdbdb@DyY 20V
plate thicknesses thatentover the criteriavere modified untilBV NR445 criterionwas validated.

2.2.7.4 Model

a. Hydrodynamic Model:
The model is shown in red:
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Figure 26 Hydrodynamic Model

For panels below z=0, all pressure componentse considered: Froueérylov, radiation and
diffraction. For panels above z=0, only Frotig/lov pressure were calculated. Morison forcesere
computed when the elemeamas wet.

b. Structural model:

Beam model:

Each part of the structure (braces, colunamsl towey was modeled with beams. The characteristies
described below. In order to adjust wholas® and inertia of the model, punctual massee used.
Green points show punctual mass for decks, stiffeners, dampers and rotor assembly.
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Figure 27 Structural Model

The final computed mass values of the structurgiaen inthe followingtable.

Table 4: Computed Mass Values

References for inertia and masses:
X 201204-19 - “HiPRWindMain Structure Specification revA&pril 2012.pdf”
X 2011312-19- “WTG FLOATER SEMI Rev01 191211 .xIs”

Beam conversion:
The characteristics (inertia, area) of each beam have been calculated with different methodgpependin
on the type of section studied.

X For simple sections such as the tower or cylinder braces, characteristics have been found
analytically.
X for columns, indias and areas have been calculated using BV software Mars :
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Figure 28 BV Software Mars

For connections a FEA has been performed. Here an example for etdwanconnection:

Figure 29 FEA column tower connection

Assuming a cantilevered beam, the relation between applied force P and displacement is:

Inertias have been calculated in both Y and Z directions assuming X in the axis of the beam
andassuming E=210el2Pa for steels. Areas have beeanmatadc from the mass of the element
aVVXPLQJ! NJ P O0IRXQG ZLWK SODWH )(0 DQG

All beam characteristics are given as follows:
Table 5: Structural Beam Characteristics
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Structural B Material
Crr‘]‘;r;é?eris‘ig; tho 7.85E+03| [kg/m3]
E 2.10E+11| [Pa]
Cylinder D 0.900000| [m]
t 0.016000|  [m]
Tg | 0.008684| [mA4]
g S 0.046048 [m2]
= Column connection IHor 0.015163] [m4]
a I\Ver 0.018875 [m4]
2 J 0.034038 [m4]
'% M 1.077.756  [t]
§ L 2.840.840 [m]
£ S 0.05M83| [m2]
o Tower connection IHor 0.012054| [m4]
? IVer 0.009796| [m4]
2 J 0.021850| [m4]
= M 3.208.788 [{]
L 2.777.000  [m]
S 0.156817 [m2]
U-Shaped IHor 0.007178 [m4]
? IVer 0.006600] [m4]
S J 0.013778 [m4]
4 S 0.056986 [m2]
go/ Column connection IHor 0.012004] [m4]
@ I\Ver 0.008922] [m4]
= J 0.020926 [m4]
2 M 1.239.000 [t
S L 2.750.000 [m]
g S 0.059478| [m2]
2 Tower connection IHor 0.026267| [m4]
+ [\Ver 0.009552| [m4]
2 J 0.035819 [m4]
= M 3611.333 [f
L 2.930.000 [m]
S 0.162711| [m2]
D 4.000.000 [m]
Section 1 (upper) t 0.040000[ [m]
| 0.975550| [m4]
g S 0.515692] [m2]
P Section 2 t 0.030000  [m]
Section 2 I 0.737187| [m4]
S 0.387746 [m2]
Section 3 t 0.025000, [m]
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I 0.616635 [m4]
S 0.323528 [m2]
Section 4 (lower) t 0.020000, [m]
I 0.495165 [m4]
S 0.259148 [m2]
SO D 3.010.000 [m]
t 0.010000| [m]
I 0.106030, [m4]
M 1.665.258 [t]
L 2.200.000 [m]
S 0.096425 [m2]
S1 | voile ext 2.296.300 [m4]
| perp voile
ext 2.626.108 [m4]
J 4.922.408 [m4]
M 26.494.286 [t
L 6.000.000 [m]
S 0.562511] [m2]
S2 | voile ext 2.583.400 [m4]
| perp voile
ext 2.996.912 [m4]
J 5.580.312 [m4]
M 30.283.030 [t]
c L 6.000000| [m]
E S 0.642952 [m2]
S S3 | voile ext 2.788.500 [m4]
| perp voile
ext 3.373.357] [m4]
J 6.161.857| [m4]
M 36.407.136 [t
L 6.000.000 [m]
S 0.772975 [m2]
S41 | voile ext 2.811.100 [m4]
| perp voile
ext 3.378.364 [m4]
J 6.189.464| [m4]
M 4.085.701 [t]
L 0.800000] [m]
S 0.650589] [m2]
S42 | voile ext 2.721.100 [m4]
| perp voile
ext 2.928.570 [m4]
J 5.649.670 [m4]
M 4.364.663  [t]
L 1.161.500 [m]
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0.478698

[m2]

S43

7.000.000

[m]

0.0200@

[m]

2.670.913

[mA4]

12.491.742

[

3.546.500

[m]

0.448697

[m2]

Inter Column Hor

1.300.000;

[m]

0.020000

[m]

0.016475

[mA4]

0.082275

[m2]

Inter Column Diag

0.900000

[m]

0.015000

[m]

Braces

— |~ |1Own|—|~ |10l |[r|Z|—|—|0|n

0.004084

[mA4]

w

0.042664

[m2]

Inter Column Ushaped

IHor

0.007178

[mA4]

1\Ver

0.006600

[mA4]

0.013778

[mA4]

0.056255

[m2]

c. Mooring system:
The characteristics of the mooring lines

Figure 30 Mooring line characteristics

The mooring responseas assumed to be quastatic. For each line, the line tensiomere preprocessed
with BV mooring code for different offsets of the platform. Then, at each time step of the simulatio

tensions at mooring pointsere interpolagd in these prealculated tables.

HiIPRWind,FP7ENERGY-20101, #256812

page40of 79




HiIPRWind project HiPRWindFinal Desig of the floating Platform
D1.3- 2014/0580 v02

Figure 31 Example of tension matrix computed

2.2.7.5 Resultsdesign check

The stresses in different elementgere checked within NR445 criteria. For Re=275MRas
chosewiWK D VDIHW)\ IDFV8Radd r@aximiaimla@rissible stresas Lim= 1815 MPa. A
“Utilization factor” was calculatedwhich is the ratio between computed value from calculation by
DGPLVVLE O HinY D3 Xato Rlistlbe under one. Results @mesented from the most critical
areas to the less critical ones ané given for each load case in Pascal:
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2.2.7.6  Conclusionsdesign check

a. General
For each load case, the NR445 criteria are respected. This means that proposed thicknesses in steel
275MPa are acceptable.

b. Steel grades

Considering the environmental conditions, steel of grade A evel® accepted (it depends dime
measured temperawirat BIMEP site offBilbao, sincethe air temperature can lower down to 0°C,
theefore grade B is recomnmeled). Grade Z is required where connections demand welding in both
sides of a plate at a crossing as displayed by Olav CBedrigure32.

Figure 32 Welding on both sides of a plate a& crossing

c. Welding
For welding theproposed solutions of Olav Olsen are acceptable:

X double continuous fillet welding with a=max(0.25*hickness;3.5mmeaccepted for:
o all welding of principal and secondary stiffening to inner and outer plates, eutsid
connections areas and passages through other stiffening or plates,
X Full penetration welding for all connections (at least 10% at each extremity of stiffeners' spans)
and buttweld of main parts plates (columns, braces, decks).
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2.2.8 Dampers

Final Damper degn calculations with the resulting dimensions were undertaken.

Analysis of dynamic damper plate pressure

The finalAnalysis of dynamic damper plate pressure was performed.

Maximum dynamic resultant pressures, on the thinwene found by combining pahpressure RAOs

for corresponding panels in POSTRESP (DNV software). A summary of the pressure resultants found
are given in thelable6 below This table also contains the maximum pressures found at the top and
batom of the plate in addition to the relevant wave amplitude calculated in accordance witRFONV
C103[25]. This wasbasedon the results presentedliable6.lt seems reasonable tonsider a resulting
pressure of 2&Pa when dimensioning the outer rim plate.
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Table 6 Table with Maximum pressure values for given periods
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The final design for the Dampers was determined and the manufacturing drawingsciamgunents
have been created.

Figure 33 Damper components from CAD model

Figur
e34
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Figure 35 Final Damper values for hydrodynamic analysis

From the WADAM calculation the RAOs for movements and forces are retrieved. WADAM
calculations as well give the forces in different braces, the addss of the complete structure and the
potential damping.

Figure 36WADAM calculations

Figure 37CFD calculations

HiIPRWind,FP7ENERGY-20101, #256812 page46of 79



HiIPRWind project HiPRWindFinal Desig of the floating Platform
D1.3- 2014/0580 v02

Acciona Ener@n, not usingHiPRWind resources, did undertake additional numerical catmris and

CFD modeling(seeFigure37) that was further correlated to specific tank testing and decay tests for the
proposed dampers and other possible solutions. One additional feature that was correlated in between
numerical ad CFD against tank testing was the pressure at the different damper plates (upper and lower
plates). These tests were performed by attaching pressure sensors to the different plates and thus
understand all damping coefficients and forces for structurat.i§eeFigure32 andFigure33.

Figure 38 Location of Pressure sensol

Figure 38 Damper and Column tank
testing

Figure 40 Resulting new damper design

2.2.9 Substructure Brace System and wind turbine tower support

The tower base and support braces tie thartartower rigidly to the floater structure. The design of
these structures is related entirely to the loads from tower. And the design moment for the $evieer ba
also used for preliminary design of the tower support. The support of the tower basgtitatednby
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the 3diagonal braces and theh8rizontal braces that are connected to tlel@mns in common
support points. The gravity load from the turbine, tower and tower support structure is carried as
compression loads in the diagonal braces. Theamjon moment from the tower is counteracted by
horizontal moment pairs at the lower horizontal brace support and at the upper diagonal brate suppor
The diagonal brace is dimensioned for the axial reaction force from the tower moment by a nominal
axial stess of approx. 6MPa, as for the tower. The tower support base which is a column with
diameter equal to the tower bottom, transfer the horizontal reaction forces to the braces. The colum
will be exposed to a shear force required to translate the toweemdo upper and lower horizontal
reaction forces. The Tower moment will decrease to zero at the bottom of the support column. This
means that the plate thickness can be reduced toward the bottom of the column.

Figure 41 Central connection
The design for the central connection was finalized as well and the final dimensions been calculated

Figure 42 Calculation for tower support structure

2.2.10 Door opening in tower base

The door in a Wind Turbine towaxnd the door in the tower base BiiPRWind have different
challenges with respect to design as follows:

X In a normal tower the stress pattern is mainly main stresses in axial direction due to the high
bending load. The shear load is small. Accordinglystaedard oval design is working good to reduce
stress concentrations.
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X In the HIPRWind tower base, the bending moment goes from maximum at the top brace
connection to zero at lower brace connection. In addition feexénigh shear load in the base due to
transfer of the horizontal reaction forces through the column. Accordingly ahedeminant diagonal
directed main stresses in the base cylinder. The Oval door frame will accordingly not work as well a
the long axis will not be in the direction of th&in stress.

X An analysis of the tower door design was done and an alternative solution for the tower door
was proposed to limit the stress in the affected zones of the transition piece shell. In thia design

is clamped to the shell of the TransitiBrece and the door is directly mounted onto this frame structure.

Figure 43 Tower door frame

The new design solution will resolve the issues. Since the structure will be clamped to theusielest
it allows for an adaptedesign as a secondary structure.

2211 Hatch opening in bottom plate

Figure 44 Hatch opening in Transition Piece Bottom

Analysis of the O&M requirements did reveal the need for a hatch in the Transition Piece botttmm part
allow for the exchange of components from inside the tower. This is especially important in case of the
transformer exchange. It is not likely that a transformer fails, but in case it does an exchantye fro
inside of the Transition Piece would almost be impdesitithout such a hatch at the bottom of the
structure, since the compongrremounted inside before the tower and turbine are instateip of

the Transition Piecelhe development of this hatch required some structural analysis since the required
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size for this opening is rather large. The calculation has been performed with the help of the CAD
model.

2212 Ballast system

The ballast system has been defined; a specification and the detailed drawings were elaborated along
with the bill of materials.

Figure 45 Ballast system in column
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Figure 46 Ballast tank section in column with central pipe

Specification of ballast system has been performed defining the system with all relevant sclamatics
componets:

Figure 47 Ballast system schematic

The pumps and electric motassedesigned as integrated compomseiithe pumps and electric motors

are designed for an easy dismantling overhaul of all maintenance components. Equiprhér wil
supplied according with 1ISO standards. The pumagin the suction and the discharge zone the
possibility to put a manometer to measure the pressure. Motors are fed by 380 V AC, 3 phases, 50 Hz.
The electric motors and fittings protectiarere chosemdequate for the installation site, according to

the requirements in

Table7.
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Table 7: Isolation specifications

Motors isolation will be class F, rate F or better. The components terséaid control boardsill be
mounted in metallic boxes suitable for marine environment. The range of ambient air temperature in
exposed decks is assumé@ / +40°C. The pump will have connection flanges according DIN 2501.

2.2.13 Access system

The design foexterior (Boat Landing System) and interior Access system inside the columns has been
defined. The Design and drawings for the respective ladder and access systems have been calculated a
generated

Figure 48 Outer column acces system

The interior column access and platform design has been finalized, taking in consideration all the
aspects of the emergency scenario evaluations and the legal requirements for fixed offshorsstructur
respect to resting platforms and anchgniints, as well as for guards and rails.
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Figure 49 Platform design for interior of columns

An analysis for the escape and rescue from the interior of the columns has been performed. This was
based on a Trial performed by Acn@mEner¢n, using norHiPRWind Resources, with one of its closest
Safety consultants in order to assess all risks and casualties. Different commercial equipment’s hav
been investigated and finally a test at a mock up installation has been performex$t Tias been done

to verify a modified solution with equipment that allows the recuperation of personnel even @f case
electricity black outs during a rescue operation. A specially combined rescue rope set up waat used t
comprised rollers and blockgtéd in a way that safety of the personnel is insured ingl even in

worst case scenarios.

Figure 50 Rescue scenarios for column
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Figure 51 Central Access Platform Material

For the central platfon of the Semisubmersible structure that allows the access towards the Transition
Piece a calculation has been performed and the structural materials were defined. The design was
adapted to the manufacturing process and the required changes were implevitbntieeir respective
drawings.

2214 Corrosion protection system

A comparison has beamalysed forthe two corrosion protection principles of sacrificial anodes and
Impressed Current Cathodic Protection Systems (ICCP). Therefore a calculation of théofCorros
Protection requirements for the existing submerged surface with different Anodes, and diffelesht coat
surface areas was undertaken.

HiIPRWind,FP7ENERGY-20101, #256812 page54 of 79



HiIPRWind project HiPRWindFinal Desig of the floating Platform
D1.3- 2014/0580 v02

HiPRWind
with coating 8m below sea level

Design parameters

Structure Floating
Design life 5 years
Opertating area seawater
Surface area coated and uncoat
Surface area underwater uncoated 4460
Surface area underwater coated 630
Surface area sea bed uncoated 0
Anode description
Anode type Aluminum
Aluminum alloy capacity 2000 Amp.hrs/kg
Utilization Factor 0.9
Hours per year 8760
Theoretical Anode consumption 4,38 kg/Ampyr
System requirements
Safety factor
Current densities CD uncoated steel in sea wg@NV RP B401
Initial CD uncoated part 170 mAmp/m2 DNV RP B401 Table 1D-1
Mean CD uncoated part 80 mAmp/m2 DNV RP B401 Table 1D-2
Final CD uncoated part 110 mAmp/m2 DNV RP B401 Table 1D-1
Seabed part 20 mAmp/m2
Calculation for coated steel structures:
Coating breakdown factor DNV RP B401 Table 10-4 Coating category IlI
Initial CD uncoated part 3 mAmp/m2 factor a: 0,02 0,02 fc mean: 0,05
Mean CD uncoated part 4 mAmp/m2 factor b: 0,012 0,012 fcfinal: 0,08
Final CD uncoated part 9 mAmp/m2
Current requirement:
total for all steelcoated steel seawatgr uncoated steel uncoated
work seawate steel se¢
Total initial current required 760,3 758,2 21 0 Ampl/yr
Total mean current required 359,3 356,8 25 0 Amplyr
Total final current required 496,1 490,6 55 0 Amplyr
Anode calculation based on weight
Required Aluminium weight: 8743,453 kg based on mean current requirement
Suitable anode type P-900-Al
Quantity required 97,14948148 pcs
Total net weight 920 kg
based on mean current requirement net Al weight: 8730 kg total
97 pcs rounded
Anode calculation based on current dema
Initial Current output per anode 4,19 Amp
Total current output 758,39 Amp 864,5
Anodes required for initial output 181,47 pcs
Anodes required for mean output 85,76 pcs 16290 kg total
181 pcs rounded

Anode calculation based on time

3330,3¢ kglyr at initial current requirement
Total aluminium anode consumption 1573,8% kglyr at mean current requirement
2173,11 kglyr at final current requirement
4,89 years atinitial current requirement
Total anode lifetime 10,39 years at mean current requirement
7,50 years at final current requirement
| max 181 pcs rounded |

Figure 52 Sacrificial Anode Calculation

A calculation of the required Sacrificial Anode sBsm was undertaken and compared to the
requirements for an ICCP System.

Both systems have certain advantages and disadvantages. Some of the most interesting advantages of
the ICCP system are its unchanging properties during the lifetime of the strudtileethe Sacrificial

Anode System is passively reacting to the conditions acting on the chemical principals; the ICCP is
actively controlled and can react to changeb@required power output.
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Figure 53 Comparison Sacrificial Anodes and Impressed Current System

In general the ICCP system showed advantages for floating systems with a long operation tinhe. Here t
initial purchase cost that is higher for the ICCP system can be compensated by the advantages of the
adaptable peer output of the systerwhich maintains the system at an optimum protection level,
avoiding neither to high current nor too low current. The current demand undergoes certain changes
during the lifetime of a structure. In the beginning especially duriegiritial months, while still
Calcium is accumulated on the surface of the structure that will later on protect the surfaceetite cu
demand is rather high and will then come down to a low level during the main part of the lifetme of
structure untikt the end the current demand will rise again due to corrosion effects.

For a lifetime of a structure that exceeds the current 2 years of the HiIPRWind project the principal
design driver is not the initial current demand, but the lifetime of the anstenswand then the size of

the anodes needs to be increased significantly and the cost for the additional anode matenial and fo
larger fixtures will increase the price for a Sacrificial Anode system considerably and make Ehe ICC
system the preferred cheidn spite of additional cost for the current that is required to operate the
system.

The ICCP system does need a lot less welding work on the structure. For the surface area of the
HiIPRWind floating structure a number of less tRAhCCPAnodesand referace electrodewould have

been sufficient to protect the structummpared to the approximately7 sacrificial anodesSince

there are so called “shadow areas” where active Anode systems have trouble protecting the surface du
to the current distributio in the water towards the structure the final number of anodes and sensors is
not entirely depending on the surface area alone, but also on the geometry.

The ICCP system does need some space inside the structure to allocate the control and power system
and the remote control needs to be connected to the communication equipment to be able to remotely
monitor the parameters and to survey the correct operation of the system. Since there is ustyadify ple
space in the floating structures that can be usethé location of the equipment this is not an important
design criterion.

The active anodes will have to be connected to those cabinets by cables which need to be muted eith
in the interior of the structure or on the outside. Both cable routeseemuire additional welding work

to attach the cable trays and the protective systems, which should not be neglected in the coofipariso
the two systems. Especially if the cables are routed on the outside special care has to bertatieen to

the cable fom wave forces and fatigue loads to avoid system failéitbe cables are routed on the

inside of the structure special care needs to be taken to make the protrusion of the cables through
bulkheads watertight, this might imply additional cost to theesyst

But, since for the current project only a limited time of depletion is foreseen, the financizbdiseaks

for such a short period depletion and the high operational costs during the initial phase ofietiendep

led to a sacrificial anode solutiofiherefore a conventional sacrificial anode system was designed.

The conventional anode system made from Aluminum sacrificial anodes underlies certain design criteri
which do differ a little depending on which design rules will be applied.
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The most common rules and guidelines were taken into account for the design of the corrosion
protection system considering different painting schemes.

Due to the limited lifetime of the project the main design driver was not the lifetime of the abodes
the initial current demand. This translates in small anodes, with a high required surfacesafgag in

a lot of anodes evenly spread over wide areas of the swuffatemembers of the structute protect

the completestructure. This requires the instaltati of the anodes over a wide variety of altitudes or
during an early stage of production to avoid welding operations at height during later asserably stag
This will be limited though due to lifting related restrictions and depend on the lifting prosddure
certain subassemblies.

2.2.15 Mooring

A final mooring configuration has beatesigned. An malysis of bathymetry and geophysical studies

was combined with the calculations considering the requirementbdatesign. A simulation model

was created in SIMQRIFLEX. 1st order load transfer functions were calculated in WADAM. The
results were checked versus Diodore, Wamit, and the tank testing.

A Turbulent wind model based on onshore turbine loads was assumed. Constant current all over the
depth was chosen asconservative approach. A fully coupled dynamic mooring line was assumed.

Full QTF (Quadratic Transfer Functiocplculations were performed and checked with tank testing, in
order to take into account the second order forcéseimooring lines. Heavplates quadratic damping

for heave and pitch was based again on the tank testing results. The hydrodynamic loads for the
Mooring were based on Morison elements. 12 Loasks were tested with 3h simulations, making 5
different simulations for each load eassing different seeds in the generation of waves.

For the design also the defect of one mooring line was investigated and the maximum tensiah in line
was determined to be 3086kN for this extreme case.
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Figure 54 Simulations for defect in one mooring line

Figure 55 Tanks test comparison to numerical model
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Atank test has been performed by Acci@meergia using norHiPRWindresources, in order to be able
to verify several aspects of the mooringhfiguration. The numerical model was confirmed with such
tank test. The @ptive Model Test was compared against the Potential Code.

Figure 56 Tank test configuration and QTF results

The QTF diagonal term was used to deterntieedrift forces required for the mooring design.
A fatigue analysis tmbeen performed for the chain that will be shown in the following calculation in
2.2.15.2

Annual partial damage for the chain connections has aealyz2d and a design life of 2@ears was
confirmed. A Geotechnical study including 3 field surveys (Detailed bathym&egphysics
Magnetometry) were performed by AccioBaergiausing norHiPRWindresources. Results from those
field surveys and data wereadsfor the final mooring design and anchoring definition:

Figure 57 GIS with bathymetry of BIMEP area

3 Alternatives for the positioning of the structure were studidee installation procedure for the
anchors andhe mooringdependvery much on the ground conditions encountered at the site. Different
scenarios were investigated to define the most suitable solution considering all the involvedepsrame
Compare also wit@.2.15.2
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Figure 58 Slopes in the area of depletion

Finally the preferred position will be POS1 with a Medium depth range aiedérs [7585m] and a
sand layer thickness of8m at the anchors with the highest load.

Figure 59 Seabed composition, sediment structure

Time-domain simulation for hookingp the third mooring line has been evaluated. Compare also with
2.2.151.

2.2.151 Mooring installation

The final design for the fairleadsrfahe mooring arrangement has been designed. The following
concept was chosen on the third column to allow for the tensioning of the third chain and tahenable
installationThe following sequence was used for the design of the mooring fixation equignuktite
required appurtenances for the installation of the mooring chains. Stoetehain segments are fixed
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to the structure and will be transported during the towing on board of the floating structuresnblseir
are sustained so that they can edsdéypicked up by the installation vessel.

The three main lines are fixed to their anchors and left with buoys that keep the ends afloaiThe ¢
sections attached to the buoys are marked red in the resgetitiweng figures.

Figure 60 Constellation at arrival of floater on site

Figure 61 Preinstalled chain segments, red part buoy sustained

Figure 62Connection operation first line
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Figure 63Connection operation second line

Figure 64 Start connection operation third line

It can be appreciated how the first anchoring line can be attached rather easily bringing tine struct
alongside the first chain. The second oae also be connected without mayor problems as there is still
limited force on the mooring line. Only for the third line the tension rises to a level that rmakes i
difficult to attach the structure towing it into final position, since the weight of thie etik drag the

buoy into a position that cannot be reached pulling the structure. A sheave solution that allagis pul
the third line into position while the installation vessel will be anchored has been developed.
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Figure 65 Mooring line fixture and tensioning detail of CAD model

In the drawing above the method on how to connect the third mooring line can be seen. Sincefthe use
a second tug to achieve the feasioning is rather expensive a way was sought and found ievach

the attachment of the mooring line with a winch that is installed on the same vessel that pieks up t
mooring lines for connection toward the structure. There is the need to have some sheave plaik on to
the structure to be able to achieve theeseary tensioning of the third mooring line. Theteresioned

chain is then after being connected to the Moopad eyeaeleased into the final constellation.

Figure 66 Mooring line fairlead
The connection point for the moogirchain can be seen below the roller with 300mm diameter.
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Figure 67 Third Mooring line tensioning roller

For the connection operation a complete design was necessary with the complete procedure defined.
The modeling and desigor the mooring line tensioning equipment was finished after several iterations

to reduce unwanted forces and also taking the manufacturing process and related restrictions into
account.

2.2.152 Calculationsfor the Mooring chains

The mooring system will keepheé position of the FWT in an average r@6terswater depth. The
mooring system consists of 3 mooring lines (catenary type) none equally spread. Each line isccompose
of a combination of 84 mm and 92 mm grade R5, drag anchors and proper accessoriesi¢o provi
connection between different components of the moorings and the structure. The mooring linés are spl
in two parts of different chain sizes, the bottom chain being 92 mm diameter and the upper Jcatenary
chain being of 84 mm diameter. The connectioimgsdbetween the moorings and the structure (namely
fairleads), are set at the top of each column, 10m above the mean sea level (MSL). Next figuee shows
top view of the arrangement of the spread mooring system, including heading angles of the mooring
lines, lengths of chain segments, and the position of the fairleads and anchors in a local rectangular
coordinate system.
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Figure 68 Chain characteristics

Next table resumes the position of the fairleads and anchors in the logdihete system.

Table 8: Fairlead and anchor points in local coordinates frame for averaged position

The following table resumes the characteristics of the chains:

Table 9: 84mm and 92mm chain characteistics

2.2.15.2.1 Design Premises

The design life of thetrucure is assumed to Beyears.A safety factor of 10 on fatigue is required by
Bureau Veritas (BV), for a minimum required fatigue life of 20 years.

Design Environmental Conditions
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The following tabés show the probability of occurrence of all sea states according to their significant
wave heights, peak periods and wind speeds in the wind turbine installation area, taking intiothecoun
misalignment between wind and wav8ge [L2].

Table 10: Load cases and probability of occurrence

The scatter diagram table ihfe load casdocument T] has been taken for the analysis of fatigfi¢he

mooring sytem. This document presents the Hs and Tp values for each wind speed along with data on
the probability of ocurrence of the directional distribution of sea states from various wave directions.
The scatter tables were split to obtain three damage equivédeand Tp pairs. The current is supposed
constant with a value of 1m/s going from west to east in all the load cases proposed. The talue of t
current was taken into account in order to provide a conservative design method because this value
correspond to a value of almost a return period of about 10 years. The wind velocity taken into account
in the load cases definition is the maximum wind speed of each wind speed bin. Quadratic drag
coefficients explained ithe BV mooring verification documef3] are used for each bin of wind.
Those coefficients take into account the forces and moment from the wind turbine and from the floate
above MSL, the drag coefficients take into account the higk foeces at asund 11m/s and thigrid

loss” of the machine at 25m/s. The following wind coefficientseaeen taken into account for each

load case:

Table 11: Velocity coefficients of wind turbine
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Finally, 117 load cases have been defifdhe fatigue study of the mooring system. These sea states
are described in].

2.2.15.2.2 Fatigue Methodology

A model of the floater and mooring lines has been built up in the time domain so@veaFéex. The
hydradynamicbehaviorof the floater is driven by the hydrodynamic database described in document in
[6], mainly Response Amplitude Operators (RAOS), Inertias, Added Mass, Damping, Quadratic Transfer
functions (Newma’s approximation), Wind and Current coefficients.

The mooring lines are modeled based on concentrated masses method, which simplifies the
mathematical formulation and allows rapid and efficient development of the program to include
additional terms of séingth and system constraints. The lines are segmented and represented as mass
points with linear spring to represent the axial and bending stiffness. Hydrodynamic loads in the
moorings are modeled using the extended form of the Morison equation witletfiei@ats defined by

the user.The 113ea statelBave been run during 3 hours in the time domain.

The environment is introduced using Jonswap spectrum to represehehbgior of waves, API
spectrum for wind at different speeds. The current is supmusetant in all the load cases. The fatigue

life of the mooring system is computed by calculating the cumulative damage produced by the stresses
incurred in each sea state.

The tensions obtained in lines for each sea state are separated in range®ms tesisg rainflow

half &ycle method. This method separates the tension results of each line in ranges of tension of a half
cycle for a simulation of three hours. Then, the damage caused by each half cycle is calculegbd thro
the rule of Palmgreeddiner. This gives the valuef @lamage to the designated load case, which is
scaled to the total exposure time of the sea state. These damages will be called “partial dardages” a
include the probability of occurrence of each sea state.

Once done, the partial damage values of total keses are summed to give the overall total damage
per year. So, once calculated this value, the fatigue life is obtained calculating the inveeséotatl th
annual damage.

The T & fatigue curve for studless chains in Ré] is considered to calculate the damage that each sea
state will causes in each line.

N A5P

Where:

m= 3

K= 316

N: number of cycles to failure

R: ratio of tensia range (double amplitude) to minimum breaking load
m: slope of the B curve. m = 3 (studless chain)

K: Intercept of the B the curve. K = 316 (studless chain)

The effect of corrosion is taken into account considering the corroded chain diameter ifgt midl
Considering a corrosion/wear rate of éhfh/year in diameter, the loss of diameter aftgredr is
0.4x1=0.4mm. Thus the MBL used are the ones corresponding tondh.Gand 83.6nm chains
which are 649XN and 550XN respectively.
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2.2.152.3 RESULTS

The faigue life is computed for all the chain segments along the lines using the method of counting
rainflow cycles, which has been discussed in se@i@il5.2.2 There are however two locations of
interest, the aanection points between lines and structure, and the connection point between chains.
The following tables show the annual total damages and the associated fatigue lives of the chains at
these two locations.

Connection between chains.

Table 12 Annual damages and fatigue lives at connection between chains.

Connection between lines and structure.

Table 13: Annual damage and fatigue life at connection between lines and structure.

Based on the above themmum fatigue life computed is 43 years in Line 3, which is higher than the
minimum required life of 20 years. Therefore the chains fulfill the fatigue life requiremenobliained

that the fatigue damage at the connection between chains is highethéhéatigue damages at the
fairleads. However highest peak tensions are obtained at the fairleads. The connectors finafillesign
be defined when the installation procedure and the boats to do the operations will be definisd. This
done because it {gossible that the mooring lines will have to be divided into different parts, but this is
still not known. When the number and the type of the connectors will be defined, a separate #EA stud
for each connector will be done. The connectors will be manufsttin R5 and are oversized to
withstand higher loads than the MBL of the chain.

The following graphs show the partial annual damage caused by each sea state at the connection
between chains.

Figure 69 Annual partial damages d connection between chains. Line 1.
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Figure 70 Annual partial damages at connection between chains. Line 2

Figure 71 Annual partial damages at connection between chains. Line 3.

The following table Bows thesea statethat contribute with the largest damages.

Table 14: Largest partial damages at connection between chains.

The following graphs show the partial annual damage caused by each sea state at the connection
betwee lines and structure.
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Figure 72 Annual partial damages at connection between structure and line 1.

Figure 73 Annual partial damages at connection between structure and line 2.

Figure 74 Annual partial damages at connection between structure and line 3.

The following table shows theea statethat contribute with the largest damages.

Table 15: Largest partial damages at connection lines and structe.
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Fatigue Damage to Mooring lines

The tablesn Error! Reference source not found.show the annual partial damages in each line at the
fairlead and the connectionbetween chains where higher damages occur.

The following tables show the peak tensionsath line at the fairlead and the connection between
chains.

2.2.15.2.4 Conclusions

Based on the analyses carried out, the following conclusions can be achieved:
X The chains of the mooring system of the HIPRWind floating wind turbine fulfill thefatigue life
requirement of 20years, being the minimum fatigue life computedy4ars.
X The highest fatigue damage occurs at the connection between chains in line #3, closeto the
touchdown point, and not at the fairlead point where highest tensions occur.
X Sea staté48 is theone that contributes with the largest damage to line #3.

2.2.16 Towing

For the Towing operation available vessels and configurations for the tawgiegnvestigated and the
complete towing for the trajectory from the site of manufacturing towards the steplEmentation
was investigated and the ports of refugrere determined as well as the natean conditions for the
trajectory during the year.

Figure 75 Route for towing operation

The respective scenarios for towingere estabished and the required marine operations for the
ballasting operationsvere considered. The required coastal towing requirements according to DNV
standardsvere considered as well as the contingency times for the weather windows to reach a port of
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refuge.The BIMEP conditions turned out to be more severe than those stated in the DNV standard and
needed to be considered for the towing speed and the respective required tugs.

Figure 76 Calculations for alternative towing scenarios

For the Towing operation towing bracketeredesigned that allow the attachment of the towing lines.
Tank tests have been undertaken by Acci@mergia using norHiIPRWind resources in order to
compare different towing speeds, drag forces of the structure and stability and sea state limits.

Figure 77 Towing speeds for different drafts and wind speeds

The towing bracket is located on the columrlwadove the transit water surface. In the proposal the
bracket is positioned 17,5m above keel, 2m above operating WL. However, the final vertical position
will have to be decided by the towing contractor. Positions can be selected coinciding with ring
stiffeners as explained belowompare withFigure 79. These positions are: (9,5m * 11,5m * 15,5m
*17,5m * 21,5m)

HiIPRWind,FP7ENERGY-20101, #256812 page72of 79



HiIPRWind project HiPRWindFinal Desig of the floating Platform
D1.3- 2014/0580 v02

Figure 78 Towing arrangement

To obtain a simple solution, the towing bracket is locatatiércrossing point of a ring stiffener and the
bulkhead.
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Figure 79 Towing bracket components

With a towing force in radial direction the load is transferred mainly to the bulkhead. With ¢him loa
transverse direction (20 degrees) a moment is created which is counteracted by the internal web plate
which transfers a reaction force to inner column wall. The bracket is arranged in the horizomtal pla
with a shackle which can rotate- 90 degrees from the radial direction.dtransverse direction can be
related to a bridle arrangement as illustratedrigure 78 Towing arrangementThe transfer of loads

from the bracket through the shell and to the internal structure requires fetitgiEm welds.
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Figure 80 Towing bracket integrated in column wall at height of ring stiffener

The bracket is arranged in the horizontal direction. However the towing load direction can be out of
horizontal plane due to the lewdifference of the towing bracket and the tug deck. Pitch and heel anes
may also contribute to the out of plane load direction. In the design and anglel &fdegree has been
applied.

According to the final constellation of the marine operation had/essel that will be chosen as tug, the
design will have to be checked once more to verify, that the assumed angles chaftactdbe real

towing situation and that the brackets will therefore be suitable. In general it can be assumed that even
in the unlikely case that the angle is bigger than assumed, the towing bracket can then be located in the
crossing point of a ring stiffener and the bulkhead at a different height to limit the angle @gairt w

mayor inconveniences.

2217 Dynamic CABLE

The HIPRWiInd Deliverable D1.2 Dynamic Cable Design deals with fihal design of the dynamic
cable.Apart from this gpreliminary dynamic cable analysis has been performed to estimate the effects
on the structural design of the floating platform with different layanfigurations This was donén

order to estimate the loads and feasibility of thése configurationgnd to be able to deduce the
structural components that would be required for their installatiso to be able to guarantee the
secure fixture othe cable on the floating platform and to avoid damage caused by fatigue due to wave
forces on the cable and on the fixation of the cable at the floating platform.
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Figure 81 Dynamic cable study

The results from the environntahdata for extreme conditions had to be taken into consideration. The
design for the cable entry has posed difficulties as to allow for the dynamic behavior of theestindt
to avoid failures due to fatigue.
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Figure 82 Resuts for extreme conditions for the design calculations from BilbadBiscaybuoy
(2136)

Commercial systems for bending restrictors have been investigated together with different cable type
and different configurations for the location of the cable intsthecture were evaluated.

Documents from a series of different vendors have been evaluated and analyzed to determine the best
way for the cable entry. Different designs were evaluated concerning the cable entry route énside th
structure with all respeis®e consequences for the cable installation, the connection towards the
electrical components in the interior and also with respect to O&M aspects concerning the abeess to
connection pointsalsoimportantfor the installation and decommissioning aitits.
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Table 16 Table with offers from different cable suppliers

Concept Units Supplier 1 Supplier? Supplier 3 Suppliera
Outside diameter m o1 105 87 102
FDPE (ST7/Vellow. Nominal thickness: 4,0 mm
Outer Sheath material - Polyethylene (4 mm nominal thickness) PE (ST Vellow. N clness Cubierta exterior: PE extruido.
Outer diameter 87 mm
Outer Sheath color - Black 7 Yellow Black
Armour bedding material HDPE (ST7)/Black. Nominkl
thickness: 2,5 mm. -
Steel Wire Rops (22 e 1 cent .
Cable amouring - Galvasided steel wire 3steel Wire Rops (22mm diameter) and L center Wife po i fayer Amour. Galvanised steel wires. Nomirfal Armadura: doble corora de hilos
rope (33 mm diameter)
diameter of the wires: 3.5 mm. 1st layer number of wirps:
55. 2nd layer number of wires: 63
MBR Manufacture, storage & load-out mm 910 2400 1044 B
MBR Duct pull in (installation) mm 3620 2400 1305 7
B (operaton) mm 3620 2400 1305 7
Weightin air glkam 18240 2293577967 16000 17700
‘Weight in water (unflooded) glkm 11570 1396534149 9900 12400
Minimum breakioad N 720 2 347
Tension capaciy installaton N > 3 > >
Tension capacity operation N & 38 B B
Cable maximum safe working load N 180 B B B
Max conductor temperature C %0 2 7 >
El (bending stiffnesd) kNt ? 0 ?
EA (aval siinesd) _ MN 2 70 2
Gl (torsional stifnesy) Nt 2 0 2
Photo
5001 m of a 3x35 mm2 Cu 8,7/15 kV dynamic cable vi mettos cable Eprotenax HVM 3x35mm2 8.7/15
opical fibers (cable
(incluye 2 conductores de corriente coninua 220V
cross-section optimised for the rated 1,5 MW at an .
Srerating eoliage of 152 -1-. Conductor: Cuerda redonda de hilos de cobre s
W 2 conductor: | 'EC 80228. Diam: 7mm
3 OFF 8.7/15 KV Power Cores to IEC60502-2, eac 0 | semiconductoraintema: Capa extrusionada de mate|
-water blocked / circular/RM. -qopper
omprising: -Seapper p N qanduaer 3. Aislami
ircular stranded (class 2) conductor. 3Power Cable 35 i diameton 7.1 mm rMevaH\ch%‘v"egﬁo propileno, (EPR). Esp. Nom.= 4,5 mm. Diam=
Power Cores ~Extruded semiconducting conductor screen. I Semiconductora extema: Capa extrusionada d
0D=230mm copper tapes thickness: 0.1 mm
“Extruded XLPE Insulation ~Extided material conductor. 5 fantalla
-Insulation material: HEPR, nominal thickness: 5,5 i ) .
semiconducting insulation screen metalica: trenza de cobre estanado.
minumum thickness: 4,85 mm. Diam over insulation :
~Copper wire metallic screen aoon 168 Lomgituin] -6 Cubierta: PE. Reunion de tres amas, mas 2
. o conductores de c.c. (opcional), mas 1 cable de FOJ
tightness material: SC swelling tapes
-7-. Relleno: compuesto extruido.
-Inner and outer semicond nominal thickness: 0.6mf ' TR BT BIEED IER L
-Outer sheath: HDPE (ST7)/Black. Nominal thicknest:2 = 110 °& BITRC @0 08 P SHE D
" Amadura: doble corona de hilos de acero galvanifado
mm. Diameter (approx.): 27 mm
1 OFF Fibre Opic cable comprising:
~24 0ff 9/125 micron mingle mode fibres to ITU-T G.6; Optical Fiber Cable
~Supported strain free withing a gel filled stainless stpel Fiber count: 24 €1 cable dinamico dispondra de un cable con 24 fibrgs
Fibre Opii 1642Fi tic OD=12.0r
ibre Optic tube ~Extruded polyethylene armdur 642 Fibre Optic OD=12.0mm - 528/ 6piicas.Vease ficha tecnica en la oferta
bedding ~Galvaniged steel Armour: ACS wires (n¥/diameter): 63,60 mm
wire armour
~Amour wire bedding of extruded polyethylene (2.6 njm -Double layer Amour. Galvanised stee| wires. Nomifil
teel Wire Rops (22 e 1 cent
Armour nominal thickness) Dasee! Wire :)"Z(m'x';“u'fa"";;'z)a"“ CSMENWIE. Giameter of the wires: 3.5 mm. 1stlayer ~ Number of Armadura: doble corona de hilos de acero galvaniza
layer of galvanised steel wire (4 mm diameter) P wires: 55. 2nd layer — Number of wires: 63
20ff 220V Auxiliary control cable, each comprising; 2Electiical Cable
7omnt 1000V
220V Auwiliary cable 70mnf copper circular sranded (class 2) conducto 001000 Notincluded i this offer? To be included Vease ficha tecnica de la ibra optica en oferta
~Conductor includes vater blocking materials. 7omm2
-Extiuded XLPE Insulation oD=127mm
Max. DC resistance al 20°C
~Conductor 0,524 OHMKm
Other characteristics 3PVC Intermediate Conduit and 6 PVC Outer Condlit Metallio screen 26 OHMKm Vease ficha tecnica en la ofera
AZYEST JE ulE % 15C ~ifee
Conductor s kA
Metallic screen 1 kA
Noma: IEC 60502-2
baigo : 2
Standard and tests applied to cable design and R , Codigo : 2006.4365 L
baton 2 arealizar al cable y terminales tras su fabricacion, sof los
de Rutinay Sobre
Muestra espedificados en la nomma IEC 60.502-2

The data for different cables from different vendors has bealyzedn respect to the implications for
the respective cable configuration, fixture and routasy well as possible installation scenarios.
Compare withTable 16. The finalization of this desigfor the dynamic cablés still outstandingand
will depend on the final decisions for marine operations and eaipléor. Minor secondary structures
will depend on this decision as well and will have to be added to the final version of this document
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