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A Study on System Identification and Anti-Rolling System
Design of a Ship with the Flap

Gwi-Bong Kang

Department of Control and Mechanical Engineering, The Graduate School,

Pukyong National University

Abstract

In ship operation, the consequence of roll motion can seriously degrade the
performance of mechanical and personnel effectiveness. So many studies for the
roll stabilization system design have been performed and good results have been
achieved, where the stabilizing fins, tanks, rudders are used. But, there exist
many weak points, for examples, increasing of navigation resistance, ship control
performance degradation and increasing of system complexity.

To get rid of these problems, author introduced a system in which the flaps are
installed on the stern side of the ship as the actuator to reduce rolling motion
induced by disturbance like wave. The actions induced by flaps which depending
on power of disturbances can take the ship balance.

For the convenience, the author designed the control system based on the fixed
order model which is represented by second order system. In this case, the system
description for the controlled system is simple and it is very easy to design the
controller. In this study, the controlled system, the small vessel was made by

ourselves. The unknown parameters of roll motion equation are estimated using
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the simulation and experimental results

The considered anti-rolling system is a new one and it can be easily applicable
to real world. Here, the author investigates usefulness of the proposed roll motion
control system and evaluates system performance from simulation and experimental

studies.
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Fig. 1 Rudder roll stabilizer

Fig. 2 Moving mass type system



Fig. 3 Anti-rolling tank system

Fig. 4 Fin-stabilizer
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Table 2 Parameters for experiment and simulation

B, [m] 0.235
D, [m] 0.125
Dy [m] 0.095
L [m) 0.815
W kgl 2.000(approx.)

Lift force

Rudder ———#

Fig. 6 Dynamic responses to the ship roll motion due to flap
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Fig. 8 Flap angle transition pattern
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Fig. 9 Rolling motion to the flap angle transition

(ship speed : 0.248[m/s])
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Fig. 10 Rolling motion to the flap angle transition

(ship speed : 0.447[m/s])
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Fig. 11 Rolling motion to the flap angle transition

(ship speed : 0.518[m/s])
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Fig. 12 Rolling motion to the flap angle transition

(ship speed : 0.552[m/s])
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Fig. 13 Frequency responses of model and real plants
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Fig. 14 Actuator system

Moving Mass

/ Potentiometer

Fig. 15 Disturbance generation system (moving-mass type)
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Fig. 16 Step responses of real plant and model
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