Reduction of fatigue loads on jacket substructure through blade design A
optimization for multi-megawatt wind turbines at 50 m water depths
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1 - Abstract

This paper addresses the reduction of the fatigue damage for multi-megawatt offshore wind turbines mounted on jacket type substructures at 50 m water depths.
The study Investigates blade design optimization of a reference 10 MW wind turbine under standard wind conditions of onshore sites. The blade geometry and
structure are optimized to yield a design that minimizes tower base fatigue loads without significant loss of power production compared to that of the reference
setup. The resulting blade design is then mounted on a turbine supported by a jacket and placed under specific offshore site conditions. The new design alleviates
fatigue damage equivalent loads in the jacket members, showing the possibility to prolong its design lifetime or to save material in comparison to the reference
jacket. Finally, the results suggest additional benefit on the efficient design of other components such as the constituents of the nacelle.

2 - Environmental conditions, Structures, and Simulations 3 - Blade design optimization

» The environmental data are the site specific conditions as found in [3]. Mm({xp x5}, p)  DEL({x, x5}, p)
» The wind turbine is a variable speed pitch controlled conceptual offshore f(ixp X5} pow) = (1 —w) I, w
wind turbine whose rated power is 10 MW [2].
 The reference jacket has been developed within the INNWIND.EU
project [3] for the said reference turbine.
 The aero-hydro-servo-elastic simulations are carried out with the
software package HAWC2 [1].
 The IEC DLC 1.2 NTM [4] has been used for load assessment:
= 11 mean wind speed bins; one turbulence seed each;
* 16 primary wind direction, plus +8°yaw error; The constraints of the optimization problem include various criteria:
= Pierson-Moskowitz wave spectrum type, aligned with wind directions. Planform — Cross sectional geometry — Strength — Aeroelasticity

The objective function, f, depends on a set of planform variables x,,, a set

of structural variables x,, a set of constant parameters p, which includes
all the characteristics of the 10 MW wind turbine, and a weight w, that
defines toward which of the elementary objectives the optimization Is
biased; M,,({0,0},p) is the reference blade mass moment; DEL({0,0},p)
IS the reference tower base fore-aft damage equivalent load.

5 - Performance check

4 - Blade design Results
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