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Abstract of Thesis

The maneuverability and propulsion performance of a full-scale ship is normally evaluated in a calm sea through
the so-called sea trial. However, in actual seaways, ships must sail in ocean current, wind, and wave; among
which the wave effect is the most complex and difficult to treat. Generally ships encounter oblique waves in which
not only the added resistance but also the same kind of second-order steady sway force and yaw moment are
exerted, which makes a ship drop its advance speed, drift from its desired course, or at least move with check
helm and drift angle to attain equilibrium. Therefore, accurate prediction of wave-induced added resistance,
steady sway force and yaw moment becomes important in considering the seakeeping and maneuvering of a ship
in waves. In this thesis, a practical seakeeping-maneuvering analysis tool with high efficiency and reasonable
accuracy is proposed through the study of slender-ship theory, resulting far-field formulation of wave-induced
steady forces, modular mathematical model for calm-water maneuvering, and their coupling within two-time
scale framework.

After describing the background and objective of the thesis in Chapter 1, a study is made in Chapter 2 on the
wave-induced added resistance, steady sway force, and steady yaw moment using the calculation formula derived
by Kashiwagi for the general forward-speed case. The Kochin function which is the complex amplitude of far-field
disturbance wave generated by a ship is computed by means of both Enhanced Unified Theory (EUT) and New
Strip Theory (NSM) to see the importance of bow-wave diffraction, three-dimensional and forward-speed effects in
predicted results. Special attention is paid on the precise integration method to ensure the convergence in
semi-infinite integrals appearing in the calculation formulae not only for the added resistance but also for the
steady sway force and yaw moment.

In Chapter 3, a modular mathematical model is constructed to define the ship maneuvering motions in calm
water, mainly based on the MMG (Mathematical Modelling Group) standard method. In order to keep the
accuracy of the simulation model, captive model test results measured by Yasukawa with SR108 container ship
model are used to define the derivatives of the force on the ship hull, and other maneuvering coefficients used for

predicting the rudder and propeller forces are estimated by semi-empirical formulae.

In Chapter 4, a unified seakeeping and maneuvering model is developed by the concept of two-time scale method.
At each time step, the wave-induced horizontal steady forces and yaw moment are estimated by the far-field
method utilizing the Kochin function as a function of incident-wave frequency and amplitude, relative heading
angle between incident wave and ship, and forward speed. These wave-induced steady forces and yaw moment are
taken into account as external forces in the maneuvering-motion equations described in Chapter 3. Accordingly,
the maneuvering-motion simulation provides the instantaneous forward speed of a ship and the wave-encounter
angle to the seakeeping analysis. A comparison of simulated and measured results is made for the turning motion
in waves of SR108 container ship model, which indicates practical reliability of the mathematical model proposed.
At the same time it is noted that improvement in the estimation of wave-induced steady forces and yaw moment is
crucial, particularly in short waves. Sensitivity study in this short-wave condition also implies that the steady
sway force is the largest contributor to the phenomenon that the ship drifts to the incident-wave direction.

Chapter 5 describes conclusions and future work to be done for further improvement.
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