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ETM Uncertainty: Illustration with Hamburg site
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Winds from over land
Winds parallel to the shore

Winds from the open sea

A storm for winds from sea

A storm for winds from shore
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 , , uw, Cr

 S(z;f  ),  uw(z;f  ), (A,A';f  )

 Vu(y,z;t), Vv(y,z;t), Vw(y,z;t)

 Turbine Loads
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u*, z0

PSD:  S(u*,z0,,,z; f  )

Point Coh.:  uw(u*,z0,u,uw,z; f  )

u

A'(y',z')
v'

u'

w'

ry

rz

2 Fixed: z0, u*

16 Random:   ,  , uw , Cr

(=u,v,w, r=rx,ry,rz)

 20 sets of Power Spectral Density (PSD) Functions

(assume z = 84 m, z0 = 0.05 m, u* = 1.0 m/s)
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uv
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Statistics of  Generated Inflow Parameters

Generate realizations of  inflow parameters

u, v, w u, v, w uw

Cxu, Cxv, Cxw

Cyu, Cyv, Cyw

Czu, Czv, Czw

+ + +

Stats u v w zu zv zw uw Cyu Cyv Cyw

Mean 6.92 3.87 1.76 0.98 0.25 0.10 2.41 9.95 6.44 6.42

COV (%) 22.8 31.4 33.4 25.9 35.8 38.7 26.0 40.4 59.1 37.4

Examples: Range of  u = [4.3,10.2];   Range of  Cyu = [3.7,20.0]

Specify Fixed 

Inputs

z0 and u*
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Case Study
Wind Turbine

 1.5MW WindPACT virtual turbine
 Statistics of BBM, TBM, and YM

(blade, tower, and yaw moments)

 Inflow Field
 Turbulence model of Solari & 

Piccardo
 Veers’ simulation approach
 Simulated on a 7 7 square grid

 Simulations
 Fifteen 10-minute simulations for 

each of twenty inflow parameter sets
 Total of 300 inflow/turbine 

simulations

How much variability in the inflow 

propagates to turbine loads?


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Stats u zu uw Cyu

Range 4.3-10.2 0.4-1.5 1.5-3.4 3.7-20

Mean 6.92 0.98 2.41 9.95

COV (%) 22.8 25.9 26.0 40.4

Stats
RMS (kN-m) 10-min Extreme (kN-m)

Blade 
moment

Tower 
moment

Yaw 
moment

Blade 
moment

Tower 
moment

Yaw 
moment

Range 562-589 8,030-8,181 196-297 1,142-1,422 13,056-15,923 736-1,161

Mean 573 8,094 240 1,268 14,633 894

COV (%) 1.2 0.6 12.7 6.8 6.5 13.4
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 The 50-year load: l50 for any load measure, L

 How to derive it?

(in 1 hour)

 What is needed?
Assume two variables for the “environment”—i.e., V and Hs

 The limit state function and “inverse” reliability
(i.e., design, not analysis)

environmentload simulations
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 So... P[g(X) < 0] = 2.28 × 10-6
  = 4.58;       X  { V, Hs, L}

  = target reliability index

 Try candidate (V, Hs) pairs
Derive seastate-specific load fractile, p3 that must be 
estimated from simulations (by extrapolation)

 Solution: The p3-fractile load that is the largest (of all choices)
 Note: p3 = 0.5 (u3 = 0) is the Environmental Contour approach 

used in the oil & gas industry.  Also, to define Hs,SSS(V), sETM(V), etc.

environment

load simulations
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Mapping from U space 
to X (physical) space of 
(V, Hs)
Return period  

U1
2+U2

2 =  2

F(u1)=FV(v); 
F(u2)=FHs|V(h|v)
ENVIRONMENTAL 
CONTOUR METHOD
Identifies CRITICAL sea 
states, defines SSS, etc.

Mapping from U to X
(as before)
...  now, include load, L;
F(u3)=FL|Hs,V(l|h,v)
Return period  

U1
2+U2

2+U3
2=  2

Need FL|Hs,V(l|h,v) from 
OWT load simulations.
Used for DLC 1.1, etc. 
and load extrapolation.STANDARD NORMAL PHYSICAL
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 Shown are median extreme response surfaces (from 25 simulations) for:
(a) tower loads
(b) blade loads
(c) platform surge 

 Greater importance of waves for tower loads
 Effect of pitch control is evident in peaks of loads
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Platform surge
Shaded regions identify (V, Hs) values 
where the median loads are both large and 
where they show significant variability.

These are of importance in computing 
LONG-TERM loads.
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Weibull-fitted extrapolated load distributions in critical sea states for:
(a) tower loads
(b) blade loads
(c) platform surge 

Platform motions are more sensitive to waves; in general, blade and tower load 
extremes were greatest at or slightly above the turbine’s rated wind speed

Identified controlling environmental conditions that influence long-term (50-year) 
response
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For DLC 1.1 the characteristic value of load shall be determined by a statistical 

load extrapolation and correspond to an exceedance probability, for the largest 

value in any 10-min period, of less than or equal to 3.8×10–7, (i.e. a 50-year 

recurrence period) for normal design situations.
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IEC 61400-1 Ed. 4 (REVISED PROPOSAL 7.6.2)

For DLC 1.1 a characteristic value of load shall be determined by a 

statistical analysis of the extreme loading that occurs for normal design 

situations and shall correspond to one of the following alternatives:

a) For each wind speed, the characteristic load is obtained as the average 

of the largest (or smallest) loads from several stochastic simulations 

at that wind speed, multiplied by a factor of 1.35. This method can only 

be applied for the calculation of the blade root in-plane moment and 

out-of-plane moment and tip deflection

b) ...

c) ...

For DLC 1.1 the characteristic value of load shall be determined by a 

statistical load extrapolation and correspond to an exceedance probability, 

for the largest value in any 10-min period, of less than or equal to 

3.8×10–7, (i.e. a 50-year recurrence period) for normal design situations.
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