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1. Power cable

1.1 Power cable mission
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The main function of power cables used in floating platforms is to provide a

physical medium for energy and data transmission between the platform and
the onshore infrastructure(s).
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1. Power cable
1.2 Power cable layout

Depending of the number of devices, their total power, and the distance to
onshore grid, could not be convenient to perform a direct connection (direct
output from the floating devices to coast) with a reasonable value for the
energy losses, so in such a scenario, a cable grouping stage (a hub) with the
simply goal to reduce the number of cables going to coast or, even better, a
voltage transformation stage (an offshore substation) may be required to
achieve an efficient transmission.

_ |Connection to hub Connection to OSS
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1. Power cable

1.2 Power cable layout S
Floating wind turbine Grid

Talking about a farm of several SN sin or sﬁ’&’;ﬁﬁfn—\ /[

floating platforms, it is common to . RSOt

have a voltage transformation Unbilical Offshore

stage located in a floating e . i cxpont e

substation.

In such a case, the power cables

are usually distinguished in: Wind turbines e Elcticl

A. inter-array cables (from the m@g
ner neration platforms to ! : E
energy genera P - ’

the substation) and | o \
. xport cable I Onshore
B. export cables (from the VAT { substation

substation to coast). — Inter-array cables —»;
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1. Power cable
1.3 Power cable internal structure

« The power cable can be composed, internally, of only by power conductors or
by conductors with different cross-section and insulation (conductors for main
power delivery and conductors for ancillary services) and fibre optic wires for
data transmission.

« Depending on the typology of cable segment (static or dynamic), the cable
may have single or double armour, in function of loads and motions it shall
withstand. r—

9~ Wire shield

iy

! ;’ XLPE insulation
7/~ Conductor

gt Optical fiber cable

- Static cable Dynamic cable
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- 2. Dynamic cable

2.1 Dynamic cable requirements and functionalities

The dynamics of the floating platform and the
environmental loads makes that the design of the a physical medium for
dynamic cable is fundamental to perfarm-the— energy and data
Corimary functiodeftteglectrical evacuation system. transmission

The dynamic cable is intended to be that segment of power cable going from the
floating platform to a certain fixed point on the seabed (which could be a
submarine hub or a simple connector/joint between dynamic and static cable).

Dynamic cable :> The only segment of power cable directly
is supposed to be subjected to the platform motions.
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2. Dynamic cable
2.1 Dynamic cable requirements and functionalities

The dynamic cable configuration shall satisfy the requirements and
functionalities of the power cable, as follows:

* To keep the integrity of the power cableqrelationship curvature-tensio

« To avoid any contact with other elemgnt
cables, etc)
« To avoid any contact with seabeg/ any s¢
seabed shall be adequately prgtected,;
* To keep a minimum clearancg with the

alr= onﬁrﬂﬂili () =1aaENaelial=

Cable cag

——67% Utilisation - ULS and Installation ~——100 % Utilisation - ALS
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- 2. Dynamic cable
2.1 Dynamic cable configurations

A large number of different configurations for dynamic cable exists. The
selection among them depends on several factors, mainly:

« Water depth;
* Platform draft and motions;
 Metocean condition;
 Power cable characteristics;

1 * Project life and O&M strategy.
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2. Dynamic cable Lazy-S

2.1 Dynamic cable configurations Catenary
_— Steep-S
Lazy Wave /

Steep Wave | s B o

Pliant Wave

Double Wave

Weight Added
Wave

e B R
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2. Dynamic cable
2.2 Lazy Wave configuration

“Lazy-wave” has gained popularity
as a viable solution to improve
fatigue and strength performance of
the cable as response to the motions
of the floating platform and to the
environmental loads acting directing
on the cable.

Along the time, other configurations
have been derived from the original
Lazy Wave.

=

™\ Hang off point
& top angle
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2. Dynamic cable
2.3 Lazy Wave properties

Hangoff Buoyancy Touchdown
. Catenary (i) 0 Catenary (j) =Catenary(k2
The critical sections of Lazy Wave R e e
configuration are: IR
B. The sag bend v
\
@The arch be@ v
—x | Va
" C_F. The touchdown point v .
- H ™ 14
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3. Metocean conditions and loads
3.1 Indirect loads

The main environmental loads which act indirectly to the cable behaviour are
due to wind, waves and current, by acting to the floating platform and, in turn,
to the dynamic cable through the motions of the hang-off point.

WIND ==—=>  PLATFORM > CABLE
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3. Metocean conditions and loads
3.1 Indirect loads

The 1st ord ti in heave PLA'TFOR'M
e 1st order motions in ve,

surge and sway directions of the <
platform are mainly translated

into heave motions at the sag
bend.

e e e
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3. Metocean conditions and loads $
3.1 Indirect loads

The 2nd order motions give the PLATFORM
more time for the Lazy Wave to <= (1
respond globally: the motions in '
heave, surge and sway
directions of the platform turns
into both horizontal and vertical !
motions at the sag bend.

— o e e Lo
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3. Metocean conditions and loads
3.2 Direct loads

The main environmental load which acts directly to the cable behaviour is due
to the current: it is important to that both cable orientation and vertical profile
are designed in function of current load.

Depth vs. Velocity (33.586 N, -115.58 E)
T T T T

CURRENT
direction
vertical profile
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vertical profile

Depth (m)

100

1
-0.08

L 1 1 I I 1 1 1
-0.08 -0.04 -0.02 1] n.oe 0.04 0.06 0.0g

Welocity {mfs)

01

e e L O






Mooring floating platforms teCﬂa"a )- Butiness i‘"l “ h

OFFSHORE WIND ENERGY ' ::

4. Design
4.1 Design Conditions

Dynamic cable should be compliant to power cable requirements under
different design conditions:

Cable manufacturer may

Installation —— | (¢ T& ) provide different
/ requirements

Service (SLS) |

-
| Extreme (ULS)j

— What's the worst?

Operation =

| Fatigue (FLS)
G J

Accident (ALS)|—

____— Mandatory or optional?
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4. Design
4.2 Proposal of methodology

+ Environmental conditions +  Complete model of + Identification of

|n p Ut + Power cable characteristics platform and commercial items
+ Platform main characteristics and motions mooring system
data + Mooring system main characteristics

+ Seabed characteristics, bathymetry

4
/ Initial Design \

+  Definition of DDLCs.

/Design verification\
i Basic Design - .

Dynamicanalysisin TD

4 Final Design )

Definition of complete set
of DLCs.

Dynamic analysis in TD + Detailed design of the

Static analysis
+  Sensitivity studies (cable
orientation, hang-off position,
etc.);
+ ldentification of set of
acceptable cable
combinations under DDLCs.

Dynamic analysisin FD

el

+ Refine the set of cable

\ combinations.

combinations

* Identification of set of
good cable
combinations under
DDLCs (SLS, ULS, FLS,

\ ALS).
l
o,

/ Cable design

=4

Identification of set of
optimum cable

tension and
curvature

\ Yes
P

+ Selection of new power cable (?) \QIEDHNEV
+ Definition of new set of cable

S

I No

cable configuration;
+ Verification of comercial

it .
combinations under all fems
DDLCs (SLS, ULS, FLS, ALS). ) \ /
7
%
/ \
/:able desigr\ Yes
/" tension and
curvature
\a\cceptahle}’/
\ / Input —
\/ Processing _ Eii
I No Output _ Hitngl
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4. Design
4.3 Static analysis mmm)| Static design tool for flexible cables

For the first step of the analysis, an in-house algorithm is used in order to
perform a static analysis of the cable and select a set of acceptable

configurations. L

3 5
WATERLINE ’ /

Water Depth [m]
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4. Design

Hangoff Buoyancy Touchdown
Catenary (i) Catenary (j) Catenary (k)
< St e 52 [ S L, Ss bl S5 Define the boundary conditions
I I of the problem

(environment, platform, cable)

| -

Setthe range of values of
design parameters
(Xaance, Zranee)

o
Run the “Multi-analysis”
l ZRANGE
—

Select the optimum
combination which satisfies
better the cable requirements
(curvature, tension)

1 -

[ Best combination of (X, Z) ]
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4. Design
4.4 Modal analysis =

Anmation period
Foed, 55

® Mode period
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Orcaflex by Orcina

Anmation period
Foed, 55

Modes view Modes table| Modes graph | Loads table| Loads graph

Mode shapes with res

w

Modal analysis
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Global aes
® Local aves
@6 [eswsizssies
A 0 < o c v G W 5 X 0 [ W o
. Mode shapes for Power_Cable_V5
2
5 [Mode number T B 3 3 5 5 7 5 5 T ) fF) fE] 0
4 [Period 122997 101706 967148 668176 521603 388 440165 361417 35252 337546 328512 270143 267113 25732
5 |Frequency (Hz) 0.0813 0.09832 0.1034 0.14966. 0.19172 0.20627 0.22719 0.27669 0.28389 0.29626 0.3044 0.37017 0.37437 0.3883
6 |Node 2, X (m) -42.5e-6 -2.47e-6 -26.7e-6 38.7e-6 -6.92e-6 36.6e-¢ -96.7e-6 -40.7e-6 43.8¢-6 81.2¢-6 2.26e-6 -63.8e-6 160e-6 66.7e-6
7 [Node2,Y (m) 18766 1126 6le6  169e6 3436  -B27e6 4196  956e-6  -17.3e6  34des  -8.526 1596 623e6 29¢6
8 |Node 2,2 (m) 11.4e-9 880e-12 43e-9 11.3e-9 1.43e-9 150e-9 30.7e-9 78.6e-9 22.5¢-9 28.2¢-9 115e-9 104e-9 53.6e-9 35.9¢-9
9 [Node 3, X (m) -168e-6 -9.76e-6 -106e-6 153e-6 -27.4e-6 145e-6 -161e-6 -173e-6 321e-6 8.98e-6 -252e-6 634e-6 264e-6
10 [Node 3,Y (m) Tale6 4426 282e6 67e6  -136e6  -327e6 3786 -68.4e6 136e6 33766 628e6 27e6 11506
11 |Node 3,2 (m) A25e9 77609 164e-9 1159 -203e9 19669 337e9  -146e9 29e9 2449 3199 47669 232e9
Node 4, X (m) 38le6  -221e6 2396 3476 -62e-6 32866 -364e-6 3026 7276 203e6 S71e6  0.00143 597e-6
Node 4, (m) 168¢-6 1066 547¢6 1526 -30.7e6 74106 8566 1556-6 086 -762e-6 000142 558e-6 260e-6
Node 4,Z (m) -450e.9  -27.5e9 45209 42009 765e9  19.2e.9 27509 488e-0 884e.0  -402e-0 S61e9 1696 7719
15 |Node 5, X (m) 6846 -397e6  -430e-6 623e6  -llle6 588e-6 -654e6  704e6 000131  36.6e6  -0.00102 000258  0.00107
16 [Node's, ¥ (m) -301e-6 -18e-6 982e-6 e -S52e6  -0.00133 000154 -278e6 536 -137e6 000255 0.001 467e-6
Node 5, Z (m) 156 68209  10le6 1056 1939  -518e9 101e6 1186  21%6  -606e9  185e6 42e6  187e6
Node 6, X (m) 000108 -62.7e-6 680c-6 986e-6 17606 930¢-6 000103 000111  0.00206 S8e6  -0.00162  0.00408 0.0017
Node 6, Y (m) -476e-6 -28.4e-6 0.00155 431e-6 -87.3e-6 -0.0021 0.00243 440e-6 874e-6 -216e-6 0.00404 0.00158 738e-6
20 |Node 6, Z (m) 2.36e-6 139e-9 1.95e-6 2.15e-6 398e-9 1.57e-6 2.35e-6 2.39%-6 4.47e-6 876e-9 4.17e-6 8.57e-6 3.77e-6
21 |Node 7, X (m) 000158 OL6e6 9936 000144  -257e6  0.00136 000151 000163 000301  847e6 000237 000595  0.00247
22 |Node 7, Y (m) 695e6  -4l5e6 000227 629e6 1276 -0.00307 00035  -64le6 000128  -315e6 000589 000231  0.0108
23 |Node 7,(m) 42766 -251e9 34e6 3886 72209  -33le6 45106 43e6 8076  -123e6  7.8%6  155e6  677e6
24 |Node 8, X (m) -0.00218 -126e-6 -0.00137 0.00199 -355e-6 0.00187 -0.00208 -0.00224 0.00416 117e-6 -0.00326 0.00821 0.00342
25 |Node 8, Y (m) 9606 5736 000313 868e-6 17606 -0.00424 0.0049 88506 0.00176 4356 000813 000319  0.00149
26 [Node 8, 2 (m) 7.08e6 41609 SSle6  64des 126 -5.94e6 7.7106 7106 13.4e6 17e6  134e6  25.7e6  112e6
27 |Node 9, X (m) 000289 1676  -0.00182 000263  -470e6  0.00248 000276 000297  0.0051 156e-6 000432 001087 000452
25 |Node 9, Y (m) 000127  759e6 000415 000115 2336  -0.00562 000640 000117 000233  -576e6 001077 000423 000197
29 |Node 9,Z (m) -11e-6 -649e-9 8.44e-6 10e-6 -1.87e-6 9.67e-6 12.2e-6 -11e-6 20.8e-6 -2.31e-6 21.1e-6 40e-6 17.4e-6
30 [Node 10, X (m) -0.00371 215e-6 -0.00233 00338 604e-6 0.00319 -0.00354 -0.00382 0.00708 200e-6 0.00555 0.01396 0.00581
31 |Node 10, ¥ (m) 000163  97.5¢:6 000532 000148  -29%6  -0.00722 000834 -0.00151 0003 7396 001383 000543 000253
32 |Node 10,2 (m) 1646 9639 1246 14.9e6 2786 -14.7e-6 1836 -164e-6  309e6  -3.09-6  315e6  59de-6 25806
53 |Node 11, X (m) -0.00465 2696  -0.00292 000423  -757e6  0.00399 -0.00442 000478  0.00886 2516 -000695 001749 000728
34 |Node 11, Y (m) -0.00205 1226 0.00667 0.00185 -375¢-6 -0.00904 0.01044 -0.00189 0.00375 -925e-6 0.01732 0.0068 0.00317
55 |Node 11,2 (m) 235e6  -138e6  17.4e6  213e6 3986  -21de6 26206  23.4e6  442e6  -406e6  451e6  848e6  36.8e6
36 | Node 12, X (m) -0.00571 316 -0.00359 00052 -929e-6 0.0049 000545 -0.00587  0.01088 309%-6  -0.00853 002147  0.00893
57 | Node 12, m) 000251  -150e-6 000819 000227  -460e6  -00111 001282 000232 000461  -0.00114 002126 000835  0.00389
38 |Node 12,2 (m) 32506 191e6 2396 295e6  5.5le6 298¢ 3636 324e6 6126 -526e6 62406 117e6  50.9e-6
39 |Node 13, X (m) -0.0069 -400e6  -0.00433 0.00628  -0.00112 0.00591 -0.00658 -0.00709 0.01314 374e-6 -0.0103 0.02592 0.01078
40 |Node 13, Y (m) 000303 -18les 000989 000274  -556e6  -0.01341 001508  -0.0028 000556  -0.00137 002567 001008  0.00469
41 [Node 13,Z (m) -43.8e-6 -2.57e-6 31.8e-6 39.8e-6 -7.44e-6 -40.4e-6 48.8e-6 -43.6e-6 82.6e-6 -6.73e-6 83.9e-6 158e-6 68.6e-6
42 |Node 14,X (m) 000821  -476e-6  -0.00516 000748  -0.00134  0.00704 000783  -0.00844 001564 4a6e6  -0.01226 003085 001283
43 |Node 14, Y (m) -0.00361 216e-6 0.01178 0.00327 662e-6 -0.01597 0.01843 0.00333 0.00662 -0.00163 0.03056 0.012 0.00559
44 |Node 14,7 (m) -57.8e-6 -3.3%-6 41.5e-6 52.5¢-6 -9.8e-6 -53.2e-6 64.1e-6 57.5e-6 109e-6 -8.49%¢-6 110e-6 209e-6 90.3e-6
45 |Node 15, X (m) 000966 -560e:6  -0.00607 000879  -0.00157  0.00828 000921 -0.00992  0.01839 526e6  -001442 003627  0.01509
46 [Node 15, Y (m) -0.00425 -254e-6 0.01385 0.00384 -77%-6 -0.01878 0.02168 -0.00392 0.00779 -0.00191 0.03594 0.01411 0.00657
< INoda 157 () Ta6es  430ef  $29a6 6186 -17ak  -ARSe6 We6 7420k 18006 -106as 18106 7006 1706
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4. Design
4.5 Dynamic analysis in TD =) Orcaflex by Orcina

3D view (azimuth=281; elevation=0)

O8OL DN
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