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A Study on the Design and Structure Optimization of
an Automatic Mooring System for a 6000 ton
Class Autonomous Ship
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Namgeon Kim', Haneul Shin?, Teagyun Kim®, Jihyuk Park "

Abstract: This paper presents the design for the kinematic structure of a system for an automatically
moored 6000 ton autonomous ship in a port, and the process and results of optimal design for the link
cross-sectional shape. We propose an automatic mooring system with a PPP type serial manipulator
structure capable of linear motion in the XYZ axis. The mooring force applied by the mooring system
was derived with dynamics simulation tool “ADAMS”. The design goal is the minimization of the
cross-sectional area of the link. Constrains include compressive stress and shear stress. The optimization
problems were solved by using the sequential quadratic programing method implemented in the fmincon
package. The shape of the cross section was assumed to be rectangle. Through future research, we plan
to manufacture automatic mooring system for 6000ton class autonomous ship.
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Programming Method
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[Fig. 1] Conventional mooring system using mooring rope
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[Table 1] Detail of Target ship

Target Ship Hanbada
Length O.A [m] 117.03
Length B.P [m] 104.78

Breadth [m] 17.801

Draft [m] 3
Displacement at 3m [ton] 2555.6587
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[Fig. 2] Mooring system built on ADAMS simulator
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[Fig. 4] Magnitude size of surge force
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[Fig. 5] Assembly modeling

[Table 2] Maximum displacement along direction

Direction Maximum displacement
Surge 1,500 mm
Sway 1,000 mm (£ 500 mm)
Heave 1,000 mm (£ 500 mm)
[Table 3] Hardware model
Item Description

Draw wire sensor
WPS-1500 (Microepsilon)

Displacement sensor
(cylinder for each axis)

Displacement sensor

DTI
(Ship-Mooring Module) 000
LM Guide THK_HSR65
Load Cell LSS-20/30R
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[Fig. 6] mooring system displacement
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[Fig. 8] Simplification of vertical part
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[Table 4] Design parameter limit

Design parameter Boundary
Width 0 < b <1000
Height 0 < h <1000
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[Fig. 9] Evolution graph of objective function (vertical part)
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[Fig. 10] Evolution graph of objective function (horizontal part)

[Table 5] Optimization result

Vertical part | Horizontal part
Width [mm] 137.74 137.76
Height [mm) 119.15 96.03
Objective value [mm?] 1.6413et4 1.3229¢+4
Qpiective value (g 9] 512 413
[Table 6] Constrain
Type Constrains Value
. gl 5.551115123125783¢-14
Vertical part
22 3.552713678800501e-14
Horizontal gl 9.577385551295947¢-10
part 22 3.485915334167089¢-09
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