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Abstract of Thesis :

In the past decade, larger ships have been built with increasing commercial needs of ocean transport and
keep relatively high sail speed balanced between economic effectiveness and environmental protection so that
ships become more flexible and associated accidents are prone to occur because higher encounter wave frequency
approaches the natural frequency of elastic ship motions. Therefore, to compute wave-induced hydroelastic
responses with sufficient accuracy gradually becomes of practical importance in naval engineering. This thesis
aims to adopt orthogonal polynomials as simpler mode functions to replace the dry eigen-modes of the
Timoshenko beam, which includes the effects of shear deformation and rotary inertia and its complex dry modes
are non-orthogonal, when the ships are not slender enough. Cubic B-spline functions method is also applied for
providing another idea to express ship deformation. Consequently, this thesis consists of the following 6 chapters.

Chapter 1 reviews the history of hydroelasticity and recent research and existing issues in the hydroelastic
problem. This chapter also contains a brief outline of all chapters.

Chapter 2 elaborates the three-dimensional seakeeping performance theory to predict the ship motions with
high accuracy using Rankine panel method when considering the mutual interference between constant flow and
forward speed effect. Both of pressure distribution and boundary conditions were analyzed, which were separated
into time-dependent and -independent parts. The radiation and diffraction problems were introduced.

Chapter 3 elucidates the deduction of natural modes of Timoshenko beam and introduction of several
numerical orthogonal polynomials to replace natural modes reasonably. Legendre polynomials, two kinds
Chebyshev polynomials and natural modes of Timoshenko beam with its orthogonality characteristic were
presented. Cubic B-spline methods including modal analysis method and direct method were also adopted.

Chapter 4 presents conventional motion equation including rigid and elastic modes using the mode expansion
method by integration over ship hull with weights into matrix form. The procedure of a conventional set of motion
equation was derived and appropriate boundary conditions were introduced and applied into the stiffness matrix
during the procedure.

Chapter 5 describes the convergence study at forward speed for a total displacement of ship by a
superposition of all modes of motion. The amplitudes of non-dimensional added mass, damping coefficient,
exciting force using different mode functions were positive related to its magnitudes. However, the total deflection
was demonstrated as same results for each mode function as long as five bending modes are added. The boundary
conditions were analyzed in the case of using Legendre polynomials and showed five bending modes are fair
enough to satisfy the boundary conditions. The effect of shearing force in Timoshenko beam was studied its
resonance amplitude by changing the shear rigidity artificially applying Legendre polynomials for avoiding to
solve eigenvalue problems. With shearing force working gradually, the first resonant pick decreases the second
increases. The merit and demerit of each mode function and Cubic B-spline function were also pointed out and
with comprehensive consideration among them, Legendre polynomials are most suitable and highly
recommended.

Chapter 6 summarizes the thesis and identifies the major contributions of present research about the
hydroelastic forces on a ship with specified bending mode shapes in waves by using Rankine panel method.

Possibility for wider ranges of the application using orthogonal polynomials is provided in the future.
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