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Abstract

Offshore wind will become one of the main sources of renewable energy. Available offshore wind capacity
in Europe, the Americas and Oceania exceeds even conservative estimates of future electricity demand
[1]. Unfortunately today, offshore wind must still compete with fossil fuels. To further improve competi-
tiveness of offshore wind, turbine size and capacity have been steadily increasing. However, it stands to
reason, that the already difficult and expensive installations of offshore wind turbines will become even
more difficult in the future, specifically single blade installation: already today relative motions between
blade root and rotor hub induced by wind and waves put heavy constrains on the allowable weather during
installation and thus induce long waiting times. If the weather limits are exceeded collision between the
blade root and the rotor hub may lead to damages, which in turn further delay the installation and may
require repairs and premature maintenance. Now, with increasing component size, motion amplitudes
will naturally increase as well, thus exacerbating the challenges associated with single blade installation.
In a recent measurement campaign, Sander et al. [2, 3, 4] found, that partially installed turbines vibrating
transversely under wind and wave loads show intricate kinematic patterns - orbits - where direction, and
amplitude of vibrations change rapidly during installation. Figure 1 illustrates the formation of orbits
during single blade installation.
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Figure 1: Orbits observed during single blade installation of the wind farm Trianel Windpark Borkum II.
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In the PhD project presented here, the kinematics (orbits) of partially installed offshore wind turbines,
where tower and nacelle are present, but no blades, are to be investigated. Possible mechanisms have
been identified that could contribute to the formation of orbits: anisotropic damping and stiffness, caused
by soil inhomogeneity or structural imperfections may induce the transfer of energy into a mode with a
direction different from the predominant one, leading to the formation of orbits. The eccentricity of the
nacelle’s mass may lead to orbits by inducing torsion. Different phenomena pertaining to the sea state,
such as wave spreading, current loads or crossing sea states may further contribute to rapid changes in
direction. Finally vortex shedding and turbulent buffeting present the least understood phenomena in the
context of single blade installation that may contribute strongly to orbit formation. Whether a specific
phenomenon can be singled out to explain the kinematics observed or whether the combination of several
effects, resulting in general perturbations of the oscillating turbine remains to be seen. To investigate the
different possible mechanisms, three approaches have been chosen:

• A cantilevered beam undergoing transverse vibrations will be investigated experimentally. Two
dimensional excitation will allow to investigate different types of loading. Mounting different ec-
centric masses on the free end of the beam will reveal the interaction between the eccentric inertial
forces acting on the beam and different types of loading.

• Numerically modelling the transversely vibrating beam as a two dimensional, driven, damped os-
cillator will allow the examination of the vast parameter space of forcing functions that may lead
to the formation of orbits.

• High-fidelity computational fluid dynamics simulations with a coupled structural model to account
for fluid structure interaction will be used to explore the effects of vortex shedding and turbu-
lent buffeting on the formation of orbits. The open source software OpenFOAM will be used to
implement the simulations.

In situ data from both offshore and onshore installation measurement campaigns will be used to
validate simulations and experiments. The results obtained through this dissertation will contribute to
better understand the kinematics of offshore wind turbines under installation and subsequently help to
improve future installations.
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