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Motivation
WECC: Known advantages, but …

 Increases in fatigue loads due to load 
imbalance

 Ice risks are much more significant 
than blade/fragment failure 
(Frequency blade failure 10 -3 /year; 
ice throw > 10/year)

 According to local legislations, the 
danger of getting hit by ice fragments 
needs to be assessed already during 
planning phase

https://www.eologix.com/en/hoarfrost-rime-ice-and-glaze-ice/



Ice throw calculation classification

 Empirical formulas: e.g. d = 1.5 (D + 
H) for Ice throw

 Simple ballistic models (vacuum)

 More detailed aerodynamic models

 Higher fidelity tools and methods + 
AI (?)



windThrow’s Ice throw model 

(Sarlak and Sørensen, WE, 2016)

 Blade element theory is used

 Aerodynamic loads calculated on fragments and corresponding 
motions translated into a global coordinate system



Results of ice throw simulations

(Sarlak and Sørensen, WE, 2016)



New user interface and 
capabilities
windThrow v1.2

User friendliness

• Integration of other throw models
• Integration of guidelines and datasets
• Complex terrain
• Turbulence 
• …

Old interface! 

Operational WT 
inputs, ICE class

Results

Monte carlo inputs



Code structure
windThrow v1.2

v1.1 interface! 

Complex terrain

Turbulence

Updated outputs, hit 
energy and hit 
velocity map, mass
distribution map

Ice class inputs



Closure:
 Since the last time,

 New inflow turbulence, complex terrain, further software development 
was added to the previously developed massive computations (Monte-
Carlo) and GUI

 In the future,
 Ice risk and mitigation module
 Improving the database and validation (AI is the next step)
 Robustness and software development aspects

Contact: Hamid Sarlak - hsar@dtu.dk

Thank you for your attention! 
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