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Control Logic Design for Mass Driving Anti-Rolling System of Ships
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ABSTRACT

Reduction of a ship’s rolling is the most important performance 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. We adopt

anti-windup technique to improve the control performance and demonstrate its efficiency by

simulation.
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: rolling angle of the ship [rad]
: relative displacement of moving mass to

the ship [m]

8 : rotating angle of the motor [rad]

u : input voltage to the motor [V]

Tm: motor torque [Nm]

f :control force acting to the moving mass
[N]

w : exciting moment by wave [Nm]

I :rotary inertia moment at ship mass center
[Nm]

R : damping coefficient of the ship [Ns]

W : ship mass [kg]
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GM : metacenter height [m]
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: moving mass [kg]
: distance between ship mass center and

moving mass [m]

: pulley ratio [m]
: viscous damping ratio of moving mass

[Ns/m]

: inertia moment of the motor [kgm?’]
: torque coefficient [Nm/A]

: thrust coefficient [Vs/rad]

: electrical resistance of the circuit [Q]
: gravitational acceleration [m/ sz]
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Table 1 Physical Parameters

Item Value
Rotary Inertia Moment of Ship [} 1.805 [Nm]
Damping Ratio of Ship [R] 0.031 [Ns]
Ship Weight [W] 68 kgl
Height of MetaCenter [GM] 0.037 [m]
Moving Mass [m] 0.9 [kg]
Distance [I] 0.044 [m]
Radius of Pulley [r,] 0.01 [m]
Viscous Frictional Coeff. [ci] 0.3 [Ns/m]
Rotary Inertia Moment of Motor []] 1.0e-7 [kgm2]
Torque Coeff. [k] 1.43e-2 [Nm/A]
Exciting Current Coeff. [k] 1.43e-2 [Vs/rad]
Electrical Resistance of Circuit [Rw] 0.964 [Q]
Gravitation [g] 9.8 [kgm/s’]
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Table 2 Natural Frequencies and Damping Ratios

Without Controller With Controller
Natural Frequency [rad/s] Damping Natural Frequency [rad/s] Damping
1.37e-3 1.00e+0 1.37e-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
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