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A Study on Viscous Damping System of a Ship with Anti-Rolling Pendulum
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Abstract - The rolling motion of a floating body makes crews and passengers exhausted and/or applies forces to the structure to cause
damage; it might even upset the body. Therefore, almost all ships are equipped with bilge keels for anti-rolling, in special cases, an
anti-rolling tank(ART) or fin stabilizer or gyroscope could be installed. But an ART requires a large capacity to install it, and a fin
stabilizer and gyroscope need great costs to install and also many expenses to operate. The authors suggest the use of an anti-rolling
pendulum(ARP) ,and they showed that the ARP is eflective to reduce rolling by experiments and via a Runge-Kutta analysis. This paper
introduces the linearized 2 degrees of freedom with a viscous damping system for a ship equipped with ARP, it also shows the validation
of the linearized analysis for the ship’s roll motion. The paper proposes an optimum ARP on the basis of the justified model. The case
of the 7.7kg model with ship 200 ARP of a mass ratio of 0.26%, is the most eflective or reducing roll motion. The paper shows the ARPs
with various mass ratios are eflective for reducing the roll motion of a ship by free decaying roll experiments.

Key words - Anti-Rolling, Anti-Rolling Tank(ART), Anti-Rolling Pendulum(ARP), Simple Pendulum, Linear Equation of Motion,
Vviscous Damping System
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Fig. 1 A ship model with anti-rolling pendulum
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Fig. 2 Simplified ship model with anti roll pendulum
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Table 4 Specification of the various ARSs

Item 50cc | 32g 40g 50g
T: Period of ARP(sec) 0.69 | 0.68 | 0.69 | 0.68
R: radius of ARP(m) 0.115
I: distance from pendulum

to F(m) 0.010
mass ratio
(ARS/ship in percent) 0.65 042 | 0.52 | 0.65
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Fig. 5 Roll motion comparison graph between ships without
ARS and with various ARPs and ART.
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Fig. 6 Free decay characteristics of ARP

Table 6 Specification of the 50g of anti-rolling pendulum

coefficient

Item quantity Unit
T: Period of ARP 0.68 sec
D: diameter of pendulum 0.023 m
m: mass of pendulum 0.050 kg
mass ratio(ARP/ship) 0.65 %
R: radius of pendulum 0.115 m
I: distance from pendulum to 001 m
metacenter
G damping ratio of pendulum 0.015 -
J, =ml*: moment of inertia of 0.661x10°% kem?
pendulum
k, =mgR : restoring coefficient 0.0564 Nm
6 =267k, + damping 0.186x10° | kgm®s

roll motion(®)

+  50g ARP experiment
—— 50g ARP analyzed

time(sec)

Fig. 7 Roll motion of experiment and analysis with 50g
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Table 7 Roll reduction effects by various ARPs

kinds of | no 15g 20g 30g | 40g | 50g
ARP ARS | ARP | ARP | ARP | ARP | ARP

peak
values 119.1 [ 957 |91.1 | 924 |96.3 | 100.1
(°/Nm)

reduction
effects(%) 0.00 200 | 235 | 224 | 191 |16.0
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