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Abstract of Thesis

When a ship is navigating in a rough weather with winds and waves, its resistance will increase especially due to
waves. Such inevitable condition may lead to involuntary reduction of the ship speed and to perilous circumstance
accordingly. Moreover, ships to be built from now will be required to be less in the fuel consumption and CO2
emission without reducing the ship speed. Namely, the performance of a ship in waves must be enhanced. For
that purpose, the ship’s hull geometry should be improved with an appropriate optimization method. In the
thesis, to make it realize, a practical integrated optimization method is developed and utilized to acquire the
improved ship geometry. Namely, the genetic algorithm with binary encoding, the so-called Binary-Coded Genetic
Algorithm (BCGA), and the Enhanced Unified Theory (EUT) are integrated together to optimize a basis ship
geometry by changing its Sectional Area Curve (SAC).

In this thesis, the shape function combined with Lagrangian interpolation is introduced and the parameters in
the shape function are optimized using BCGA for generating the new SAC. The position of transverse sections is
shifted in longitudinal direction to modify the prismatic coefficient, the longitudinal center of buoyancy and the
parallel middle body of the basis ship geometry. As constraint conditions, the principal dimensions i.e. the ship
length, breadth and draft are kept constant. Needless to say, the main objective function in this optimization is to
minimize the added resistance which is computed by EUT as a core method of computation.

A modified Wigley model with blunt-shape coefficients is firstly employed as a basis ship geometry. For this
model, an optimization is performed at two different wavelength regions, namely short wavelength region (the
ratio of wavelength A to ship-length L: A/L = 0.30~0.80) and middle wavelength region (A/L = 0.80~1.30).
Optimization is also performed with an actual container ship SR-108 model used as a basis ship geometry, on the
basis of the results of sensitivity study to the added resistance. In this case, the optimization is extended to multi
objective functions, namely the pitch motion component will be the primary fitness function followed by the total
added resistance as the secondary fitness function. In addition, the steady wave-making resistance is also
computed in order to confirm reduction of the total wave resistance of such actual ship.

The main conclusions obtained in this thesis are:

1. For the modified Wigley model at short wavelength region, a finer shape of bow and stern with combination
of inserting the parallel middle body (Pus) part to the aft- and fore-bodies of a ship would reduce the added
resistance at concerned wavelengths but increase at the region from around its peak to longer wavelengths.
At middle wavelengths, a slightly blunter bow shape with inserting the Pus only to the fore-body of a ship
would reduce the added resistance around its peak.

2. By doing a sensitivity study to the added resistance, especially at its peak, it was found that the pitch motion
is the most sensitive to the peak value of the added resistance. Hence it was used as the primary fitness
function to optimize SR-108 container ship.

3. The best optimized shape of SR-108, in which the Pus was inserted and a blunter bow was acquired, would
reduce the added resistance in large amount at middle wavelengths including the peak of added resistance
due to reduction of the pitch motion as well as heave motion.

4. Removing an eccentric bump shape seen near the stern in the best optimized SR-108 does not increase the
steady wave resistance but slightly increases the peak value of the added resistance. Nevertheless, compared
to the original basis hull, the amount of reduction of the added resistance is remarkable.

5. The bow shape of a ship is the most important part in determining the added resistance followed by the stern
part which is also influential in reducing the steady wave resistance.
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