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A Study on Prediction of Propulsive Energy Loss Related to

Automatic Steering of Ships in Seas .

Gyoung-Woo Lee , Kyoung-Ho Sohn

Abstract

When an automatic course-keeping is concerned, as is quite popular in modern
navigation, the closed-loop steering system consists of autopilot device, power unit (or
telemotor unit), steering gear, magnetic or gyro compass and ship dynamics. The
considerations of irregular disturbances to ship dynamics and a few non-linear
mechanisms involved inevitably or artificially are known to be very important in
properly evaluating or analyzing the automatic steering system.

In the present study, the mathematical model of each element of an automatic
steering system is derived, which takes account of a few non-linear mechanisms. PD
(Proportional-Derivative) controller and low-pass filter with a weather adjustment are
adopted to model the characteristics of an autopilot. The practical method of imposing
irregular disturbances to ship dynamics is proposed, where irregular disturbances
implying irregular wave and the fluctuating component of wind. Steady wind and
current effects are not considered because their contributions are nothing but the
constant adjustment of a heading angle of ship.
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Prediction method based on the principle of linear superposition is introduced for the
expression of irregular disturbances. Response amplitude operator of yaw is predicted
by NSM(New Strip Method), while ISSC wave spectrum and Davenport wind
spectrum are employed for wave and wind spectra by fluctuation components.
Semi-empirical formulae by regression analysis are used to decide the hydrodynamic
coefficients and various coefficients in order to predict manoeuvring indices and

equivalent rudder angle.
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