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Abstract

Reduction of a ship's rolling is the most important performanc‘e requirement for
improving the safety of the crew on board and preventing damage to cargos as
well as improving the comfort of the ride. A mass driving anti-rolling system
(MD~ARS) might be one candidate of several systems against the ship's rolling.

As the movable range of the mass on the ship is finite, the control system must
include restriction on the mass position to protect the device and the ship. This
restriction usually causes windup phenomenon and control performance is
deteriorated seriously. Two control algorithms, anti-windup control and saturated
sliding mode control, are studied in this paper. Control performance and
robustness problem are checked out by numerical simulations.
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Table 1 Physical parameters of the ship model

ftem [ Value
Rotary Inertia Moment of Ship [/ 1.805 [Nm]
Damping Ratio of Ship [Al 0.031 [Ns]
Ship Weight [ W 68 [kal
Height of MetaCenter [GM 0.037 [m]
Moving Mass [/72] 0.9 [kql
Distance [/] 0.044 [m]
Radius of Pulley [7] 0.01 [m]
Viscous Frictional Coeff. [¢J] 0.3 [Ns/m]
Rotary Inertia Moment of Motor [J | 1.0e-7 [kgnt’]
Torque Coeff. [4] 1.43e~2 [Nm/A]
Exciting Current Coeff. [ 1.43e-2 [Vs/rad]
Electrical Resistance of Circuit [A] 0.964 [@]
Gravitation [g] 9.8 [kam/s’]
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Table 2 Natural frequencies and damping ratios

Without . Controller With Controller
Natural Freq. . Natural Freq. .

Irad/s] DOamping [rad/s] Damping

1.37e-3 1.00e+0 1.37¢-3 1.00e+0

3.66e+0 2.35e-3 3.77e+0 1.76e-1

- - 3.81e+0 1.95e-1

3.96e+1 3.40e-2 3.96e+1 3.40e-2

- - 7.20e+1 5.91e-1

R

Fig. 3 Left coprime factorization
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Fig. 6 Simuiation results using N.L. controllers
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S5l sliding mode HOIDt S48t ALILS I
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2 HANAE JdEel 2= MEE st EX
= otLtel Mass Driving Anti-Rolling System
(MD-ARS)0ll 228t HMH=zZ &H 2ot Het
StRUCH ZHQ KXIHE ol LR NUHRE=Z
A PID HOJIEHE AIBSIRCOH, 499 Ese
SHE JHteEz Z(EHN gE L sliding mode
HOEES AME5HH 205 HMUHBZs 242 &)

SICH €8t JISEYY WBEZASZ QlE

windup SAI2 XIS foH anti-windup RIO|
2 E3} sliding mode MOEEHE HICHIRICH &

HE MO eSS 01830 A8 ZEHEE

thatez #X4gs e 20 = Moo
off 2SE MUHZUE 2E 5 UACH

HoDIe) ot dl ds= SRotXIE Mo O

Table 3 Roll responses of ship with uncertainty in rotary inertia moment of ship

Anti-windup control SSMC
| x 0.8 I % 1.0 | x 1.2 I x 0.8 | % 1.0 | x 1.2
Max. | AMS | Max. | RMS | Max. | RMS | Max. | RMS | Max. | RMS | Mex. | RMS
N&;?ZZ)O' 7.671 | 1.686 | 6.642 | 2.166 | 5.848 | 1.764 | 7.671 | 1.686 | 6.642 | 2.166 | 5.848 | 1.764
C(gr;gf’e":)d 2.431 | 0.685 | 3.020 | 1.000 | 1.373 | 0.491 | 3.227 | 0.680 | 2.666 | 0.686 | 2.187 | 0.552
Red(f/f)“o” 683 | 594 | 545 | 538 | 765 | 722 | 58.0 | 59.7 | 59.9 | 68.3 | 62.61 | 68.69

Table 4 Rall responses of ship with uncertainty in

ship weight or height of metacenter

Anti-windup control SSMC
W x 0.8 W x 1.0 Wx 12 W x 08 W x 1.0 Wx 12
Max. | RMS | Max. | RVS | Max. | RMS | Max. | RMS | Max. | RMS | Max. | RMS
No Contral ) o 4oy | 2016 | 6.642 | 2,166 | 5.585 | 1.682 | 6.180 | 2.016 | 6.642 | 2.166 | 5.585 | 1.682
(degree)
C(Zr:grf;':)d 1.709 | 0.670 | 3.020 | 1.000 | 1.807 | 0.517 | 2.797 | 0.657 | 2.666 | 0.686 | 2.242 | 0.556
Re‘iﬁf/f)“o“ 723 | 668 | 545 | 538 | 67.6 | 69.3 | 548 | 67.4 | 599 | 683 | 50.9 | 66.9
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