Optimization of monopiles with genetic algorithms

Lisa Ziegler'?2, Matthieu Rhomberg.23, Michael Muskulus?

1Ramboll, Hamburg, Germany
2Norwegian University of Science and Technology, Trondheim, Norway
3 Delft University of Technology, Delft, Netherlands

Importance sampling
to reduce number of load cases

120 load cases instead of 1700
(93% reduction)

\/ Target lifetime of optimization
met with only 1-7% difference

Fast and accurate method for
use in computer-aided
optimization

Genetic algorithm

* Minimize monopile mass

* 5 design variables

_ » Constraints: fatigue damage, weldability,

. resonance, buckling

* Aero-hydro-elastic load simulations in the

time domain with 120 load cases and

g importance sampling

) * Optimization for different design lifetimes:

8 25, 50, 75, 100 years (DFF=1)
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Motivation

Knowledge about the scaling of steel mass of monopiles is
needed to decide for which service life an offshore wind farm
should be planned. It is impossible to perform computer-aided
optimization with aero-hydro-elastic simulations of several
thousand of load cases.
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Reduction of load cases with importance sampling

A cumulative distribution function (CDF) is set up for
fatigue damages caused by every load case

120 load cases are sampled from the CDF
Aero-hydro-elastic simulations are performed for
these load cases with ROSAP and LACflex

Fatigue damages are estimated with importance
sampling and a correction factor f,
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How does steel mass
increase if monopiles are
designed for a longer lifetime?

—
\S]

Steel mass, norm. [-]

30 35 40 45 50 55
Design lifetime [years]

1 i
20 25

Research objective

Develop a smart method to reduce the
number of require load simulations during the
design optimization while keeping the
complexity of load and structural analysis at
industrial standard.
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