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Dynamic and Structural Modeling of a Floating Wind Turbine
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We numerically investigate the dynamic and structural responses of a 65-KW floating wind turbine by developing a fluid-
structure interaction model that includes a boundary element model (BEM) for the wave-body interaction, a cable dynamics
model for the mooring system, and a finite element model (FEM) for the structural response. The BEM and the cable
dynamics model are applied to calculate the frequency-dependent added mass, damping, and restoring coefficients that are
used in the dynamic equations to predict the motion of the system, based on which the structural deformation is determined
through the FEM.

INTRODUCTION

Compared with their land-based counterparts, offshore wind
turbines possess a clear advantage in their easy access to steady
wind and their mitigated impact upon human society. Most of
the offshore wind resource is located in places with water depth
greater than 30 m (see, for example, Jonkman and Buhl, 2007).
so that it is critical to develop deepwater wind turbine technology.

The existing offshore wind turbines are mostly installed in
shallow waters. Gravity-based or piled station-keeping structures,
limited to a water depth of up to 30 m, characterize state-of-
the-art offshore wind turbine technology. In deeper waters (up to
60 m), space frame systems such as tripods, quadpods, or lat-
tice frames are needed. These underwater structures, on the other
hand, become infeasible in even deeper waters. Offshore platforms
installed in waters deeper than 60 m usually have flexible moor-
ing systems hence the term “floating systems.” Currently, concep-
tual designs of floating wind turbines include spar buoy systems,
tension leg platforms (TLP), and barge systems.

Existing designs of the floating wind turbines (except for the
buoyancy and mooring systems) are borrowed from land-based
systems, especially the Horizontal Axis Wind Turbines (HAWT).
However, it is clear that in deep water these turbines work under
completely different conditions from land-based or shallow-water
ones. On the other hand, these floating wind turbines are struc-
turally different from any existing ocean platforms. Therefore,
existing design standards for land-based turbines or ocean plat-
forms can not be directly applied. Dedicated experiments, numer-
ical models and prototype developments are required to prove the
feasibility and robustness of these devices, and to explore special
design requirements. In particular, we need to clarify the major
concerns involved in the interactions of ocean waves and the struc-
ture, such as:

• The ductility of the tower under cyclic loading from ocean
waves, especially in resonance cases. It is likely that some natural
frequencies of floating wind turbines lie within the bandwidth of
the ocean wave spectrum (Haenler et al., 2006). For example, the
fundamental period of a 130-m steel chimney (whose geometry
and fundamental periods are similar to modern wind turbines) was
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found to be 1.5 s (Luco, 1986). This value is comparable to the
period of sum-frequency wave load. In larger systems, the natural
frequencies will be even lower; they might be close to the domi-
nant frequency of a typical ocean wave field. Recent studies show
that for turbines with power ranging from 600-KW to 5-MW, the
fundamental periods vary between 1.5 s and 3.2 s (Prowell and
Veers, 2009). Thus the possibility of resonant responses of the
tower triggered by wave loading can not be neglected.

• The possibility of structural damage due to resonances of the
mooring system (especially the TLP) with ocean waves. These
resonant responses, as well as the aforementioned resonance of
the turbine itself, are usually referred to as ringing or springing
motions in offshore engineering. They are often associated with
nonlinear wave-structure interaction (such as the sum-frequency
wave loading).

• The effect of wave-induced tower motion upon the per-
formance of energy harvesting. The pitching and translational
motions of the tower (especially the slow drift motions often asso-
ciated with difference-frequency wave excitations) can cause vari-
ations in the effective speed and angle of attack of the upcoming
wind and affect the performance of energy harvesting.

• Survivability of the structure in extreme sea conditions, such
as rogue waves. In large waves, the problem is essentially nonlin-
ear; the nonlinearity comes from nonlinear wave dynamics, non-
linear wave-structure interactions, and nonlinear structural dynam-
ics associated with large motions and deformations.

To understand these effects, it is necessary to conduct compre-
hensive studies about the fluid-structure interactions involved in
the dynamic response of these systems in ocean waves. It is our
long-term goal to develop a fully nonlinear, fully coupled, fluid-
structure interaction model of floating wind turbines. This model
will be applied together with shake table experiments to the reso-
lution of the aforementioned issues. As the first step towards this
goal, in the current study we will use a fully nonlinear moor-
ing system model, a nonlinear FEM model, together with a linear
wave-body interaction model to simulate the fluid-structure inter-
actions in a floating wind turbine.

In recent years, various models have been proposed to analyze
offshore wind turbines, especially those with fixed-bottom struc-
tures (such as Eecen, 2003; Jonkman, 2009; Veldkamp and van
der Tempel, 2005). A number of studies also assesses the concep-
tual design and feasibility of floating wind turbines (Jonkman and
Matha, 2009; Passon et al., 2007; Wayman et al., 2006). These
studies demonstrate that floating wind turbines are feasible if their




