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Background

= Proposed Offshore Wind Farms

*  MOEA to invest NTS 684 billion (USS
23 b)*

e >30 Wind Farms totalling 5.5 GW
capacity
= Target Offshore Wind Farm

* Formosal > 32 x SWT-4.0-120

* Fixed type Offshore Wind Turbine with
four-legged jacket foundation

)))))

= Typhoon extreme loads (ULS)
= Strong prevailing NNE wind (FLS)
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Research procedure

Wind Condition

!

Short-term wind loads

!

Nominal & hot spot stress evaluation

!

Fatigue life assessment

$ s F Yy F e F LS
PEEEEEEERER

31

|
i

g7

Fatigue damage (-) vs. wind speed

g &

mmmmmm —

- farr m—

Downsmam —
5
.
A

g

g

Fatigue damage (-) vs. wind speed
10 15 20 2
10-min mean wind spead imis)

2020/2/25



Wind Condition

® \Winter \

® Main direction :
NNE, N

ENE

Wsw ESE

>20m/s
0 16 ~20 m/s

12 ~16 m/s
Ms8-12m/s
M 4-8m/s
W0-4m/s SSW SSE
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Wind Condition

® I|dentification of flow regimes

» WiFa3D (house-code)
= RANS-based

= k- turbulence
= Actuator disks

= Validated against Horns Rev OWF
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Wind Condition

= Regime 1: Upstream Regime 1

* homegeneous inflow

* normal turbulence model (NTM)

= Regime 2: Mid-farm
* sinusoid inflow profile (wake deficit)
* increased turbulence (Larsen model)
* wake meander

= Regime 3: Down-stream

* homegeneous inflow (wake deficit)

* increased turbulence (Larsen model)
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Wind Conditions

« Class 1A: [,,=0.16
° GU — TE_f(O"?S Ulﬂ + 3.8)

= Fourier analysis (DFT)
N-1
* Xi = Z T, - [cos(2mkn/N) — i - sin(2wkn/N)]

n=0

= Wake-added turbulence (Larsen model)

° 1,=02951% 1— /1-C;

[ total —
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= |EC 61400-1 Normal Turbulence Model (NTM) l
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Wind Condition

® \Wake Meander

The Science of Making Torque from Wind
Journal of Physics: Conference Series 75 (2007) 012059

10P Publishing
doi:10.1088/1742-6596/75/1/012059
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3D velocity profile:

Figure 6. Line Scan data plotted in gray scale as function of time. Low wind speed is shown as black .
and higher wind speed is shown as white. Focus distance is 3 diameters (58 m). e I C I t

Sinusoidal depression
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Short-term wind loads-calculate method

® \Wind loads calculation

» Blade Element Momentum (BEM)

» Industry standard — adopted by:
e Bladed (DNV GL)
e Fast (NREL)
e HAWC2 (DTU)
e Qblade (DT Berlin)
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Wind profile:

U(z) = U(H) (%)

where a=0.14

Tower effects:

U, =U, (1 ——2) cosd
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Short-term wind loads-cases

® Cases 4 North
» 10 minute short-term each case |
» Total time : 3 months
» Wind conditions

e Monte Carlo simulation
e based on local wind statistics
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>20m/s
B 16-20m/s

12~16m/s
Ws-12m/s
M 4-8m/s
MWo-4m/s

9 South

2020/2/25



Nominal & hot spot stress evaluation
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Wind direction

Finite Element Model:
* 1D beam elements — jacket + tower
* Incl. mass of rotor/nacelle assembly

¢ Pile-soil interaction as nonlinear
springs

CF expressions:

-

Regression curve fit to static FEA results fo
8321 load combinations: b
Onom = (Cl'OTMwind + CZ) cos(Bwind+C3)

+(C,OTM?, , + C5-OTMy 4 + Cg)

+C, cos([.’:hydro +Cy)

rime per
computation:

0.5 s/time step
J
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Fatigue life assessment
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; : 0.0006 | ‘ .
_ B Upstream m Upstream
M'd'fahT (Uref = Rotor Averaged) ) | Mid-farm (Uref = Rotor Averaged)
id-farm (Uref = at Nacelle) m - Mid-farm (Uref = at Nacelle)
Downstream ® S 0.0005 - Downstream mm—
0.0004 +
0.0003 |
0.0002 - ‘
0.0001 + ‘
i ; 10-min mean wind speed (m/s) 0 ‘
10 15 20 25 5 10 15 20 25
10-min mean wind speed (m/s)
Fatigue damage evaluation for 3 month simulated life time Accumulated fatigue damage distribution for 3 month simulated life time
Location Damage Exacerbation
Upstream 0.00454 ~
Downstream 0.00495 +9%
Mid-farm (rotor-avg) 0.00524 +15%
Mid-farm (nacelle) 0.00457 +1%
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Conclusions

= Fatigue life evaluation methodology for OWT foundations using time-domain
simulations and Rainflow Cycle Counting method.

 The exacerbated fatigue loading due to unsteady wind farm wake effects was
found to impact the fatigue lives of the downstream turbines with

* a9% increase in fatigue damage of the far downstream units

* a15% increase in the fatigue damage of the mid-farm units.

Location Exacerbation
Upstream ~
Downstream +9%
Mid-farm (rotor-avg) +15%
Mid-farm (nacelle) +1%
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