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Abstract of Thesis

In this study, an experimental and numerical research on the wave-induced response of coupled system consisting
of the main floater, buoy and tether is addressed. This type of system is frequently found in various applications
such as floating offshore wind turbine (FOWT) system, single-point-moocred (SPM) system, etc. A new concept of
FOWT (OU-Design) which consists of semi-submergible type platform and SPM system proposed in the study is
one of such systems. [t is necessary to develop a numerical tool with good availability to predict the behavior of
the various types of FOWT in which a coupled nonlinear response between the main floater and mooring system

can be relevant. The structural flexibility should also be taken into account as most structural components of
FOWT are slender. .

A nonlinear time-domain code, named as DYNABEAM, is proposed to capture the strongly coupled behavior
among the main floater, mooring buoy and tether. For the mooring part, a formulation based on nonlinear beam
element is adopted while the main floater part is modeled as an elastic framed structure. The hydrodynamic
evaluation for the main floater is made by using linear potential theory. The drag force term and the 2nd order
incident wave potential are considered separately and added to the hydrodynamic model. For mooring tether, the
Morison’s formula is utilized. Strongly coupling methodology is applied to investigate the interaction behavior

between the floater and mooring system.

The simulation method is validated against a series of the scaled model tests. A good correlation is obtained in
terms of floater 6DOFs of motion, structural load and mooring tension. It is found out that the natural frequency
can be shifted due to the coupling effect. Then, the behavior of the system cannot be predicted correctly by an

uncoupled analysis. A coupled approach is necessary, instead.

The strongly coupling model is further utilized to analyze the Mathieu instability problem for the tethered-buay
system when the severe sub-harmonic motion occurs. Unlike the usual pitch-heave coupling problem, it turned
out that the coupling between the varying tether tension and floater motion mainly dominates the Mathieu
instability problem. A theoretical analysis method is developed to predict the natural frequeney, and hydrostatic -
hydrodynamic stability of the tethered-buoy system. The simulation model is established to reproduce the
sub-harmonic behavior observed in the model test.

Nonlinear structural response becomes more significant when the system is exposed to nonlinear hydrodynamic
forces. In the last part of the thesis, the discussion is further extended to a coupled nonlinear behavior in harsher
environment. A time-domain simulation tool is developed to account for the fully nonlinear hydrodynamic field by
introducing the smoothed particle hydrodynamics (SPH) theory. A series of regular wave tests for tethered-buoy
system are simulated based on the SPH-DYNABEAM model and the results are compared with the potential
theory based model in terms of 6DOFs buoy motion and tether tension. Ringing-like response of the tether after
green-water and slamming is observed in extreme wave. This could be one of potential advantages of SPH model

since the potential theory based model cannot explain the nonlinear hydrodynamics in such severe waves.
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