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Abstract of Thesis

Floating Offshore Wind Turbine (FOWT) is a complex system consisting of the aerodynamic rotor, blade and
tower structure, main floater and control devices. A coupled analysis method incorporating all these features is
necessary for understanding the overall response of an FOWT system. In this study, such a holistic analysis
methodology for the FOWT system is developed. Recent accidents of large wind turbine also indicate that the
accidental limit in which the malfunction of the blade pitch control may lead to the system total collapse, needs
consideration. The analysis method is applied to clarify the collapse behavior of FOWT at the base of the tower.

Chapter 1 discusses the background and research objectives of the study in detail.

In Chapter 2, a hydrodynamic time-domain code, named as DYNABEAM is coupled with an aerodynamic
time-domain code FAST which is based on Blade Element Momentum (BEM) theory. The floater is modelled as an
elastic frame structure consisting of hull and beam elements and hydrodynamic force evaluation for the main
floater is made by using linear potential theory. Weakly coupling methodology is employed to obtain the

interaction behavior between the floater, tower and rotor-nacelle assembly.

In Chapter 3, the time-domain coupled simulation code is validated by comparing with well-established OC3
(Offshore Code Comparison Collaboration) project model provided by NREL. OC3-Hywind spar model is selected
for this purpose and the spar is modeled in DYNABEAM. Not only the heave and pitch motions (symmetric
motions) of floater but also the roll and yaw motions (non-symmetric motions) are compared between the coupled
simulation results and OC3 model results. The flexibility feature of floater is demonstrated and its influence on

the structural response is shown by adopting various structural modeling of spar-type FOWT system.

In Chapter 4, the coupling model is further established and utilized to analyze the behavior of FOWT systems
under the malfunction of blade pitch control. Blade pitch control malfunction is incorporated into the coupled
simulation tool and response to an accidental event of malfunction is evaluated. The numerical method is
validated against a series of scaled model experiment in a literature. It turned out that the floater dynamics is
found to affect the maximum tower-base vertical bending moment and a larger thrust load is predicted under the

assumed blade pitch control malfunction than the one obtained by the design thrust curve.

In Chapter 5, elastic-plastic behavior analysis methodology for a flexible FOWT is developed adopting the coupled
simulation code when subjected to blade pitch control malfunction. The structural load and motion characteristics
are evaluated in elastic and plastic regions to understand the collapse behavior at the base of the tower. It is
shown that the tower structure collapses and falls down completely when it is subjected to extreme vertical

bending moment exceeding the ultimate strength capacity by about 5% as a result of the control malfunction.

In Chapter 6, parametric dependencies for the collapse behavior of FOWT system is discussed. Different
environmental conditions such as only-wind, combined wind and wave, various wave periods and wave
amplitudes are considered for discussions. Collapse deformation, measured as collapse extent, is found to increase
with increasing wave amplitudes and wave periods. It is also found that the collapse extent for floating platform

is larger than the onshore case for the similar environmental and strength conditions.

Chapter 7 concludes the thesis with a summary of the main findings.
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