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A Study on the Construction of Vessel
Berthing System by Damper—Winch

cooperation

Chang-Woo Kim

Department of Mechanical System Engineering and
Naval Architecture Marine System Engineering,
The Graduate School of Industry,

Pukyong National University

Abstract

Vessel berthing is defined entire processing which vessel is closing next to
a pler in port or harbour, it is known as the most difficult and complex
process in the total ship operating. Vessel berthing utilizes a main propulsion
to main power source and is supplied with side thruster or tugboat. A
modernized vessel or a special purpose vessel utilizes an azimuth thruster to
vessel berthing more intelligently even if the vessel has ‘0’ speed. However,

most of the normal ships are less active when berthing by the limitation of

- il -



fixed direction propulsion system.

It has been a long time since the automation of port management system and
the modernization of vessel had been started and operated. However, it is a fact
that the vessel berthing has not been exceeded the primitive level until the
present. Even if the vessel is equipped with high-tech equipments to help when
berthing, there are profound technical difficulties for the safely automatic vessel
berthing to the final step. For example, in the case of the system developed by
CAVOTEC company, it is dependent on the berthing—support system installed
on the port to berth of final operating.

This study purposes to overcome the limit of vessel berthing and to develop
technology for making alternative environment which carry out berthing more
safety and faster.

In other words, we would like to develop a technology for building a more
reliable berthing support system in place of the classical ship berthing system
using a tugboat.

This study proposes a robust system that can quickly and safely berth
using a damper and a winch on the port without using the vessel propulsion
unit. This is to establish a construction of vessel berthing system by
damper—-winch cooperation, so that it is vessel berthing perfectly without support
of a tugboat.

We plan to evaluate and verify the effectiveness of this berthing system
through a simplified model ship and quay (including damper-winch) water tank

experiment.
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Table 2-1. The notation of SNAME for marine vessel

Forces Linear and | Positions
DOF and angular and Euler
moments velocities angles
1 | Motion in the x,-direction(surge) X U T
2 | Motion in the y,-direction(sway) Y v
3 | Motion in the z,~direction(yaw) Z w z
4 | Rotation about the x;-axis(roll) K D 0]
5 Rotation about the y,-axis(pitch) M q 0
6 | Rotation about the 2,-axis(yaw) N r Y
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Table 1. Specification of DC motor

DC motor
(Maxon motor 484391)
Nominal voltage 24[V1]
No load speed 7580[rpm ]
Max. continuous torque 177lmNm] 40 =
Max. permissible speed 6940[rpm] %é%g
Terminal resistance 0.299 £2] (:mé' e é
Terminal inductance 0.082[mH] ?%) ;
Torque constant 30.2[mNm/A] g;
Speed constant 317[rpm/Al =
Speed/torque gradient 3.14[rpm/mNm]

Table 2. Specification of DC motor controller

DC motor controller

Nominal operating voltage + V., 10..50[ V]
Sampling rate PI current controller 53.6[kHz]
Sampling rate PI speed controller 53.6[kHz]

. resolution 12-bit;
Analog input -10..+10 [V; differential
Digital input +2.4..36 VDC (R, =385[ks?2])

Speed full speed (12[Mbit/s])
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Table 3.

Specification of pressure sensor

Pressure sensor

(PSE-560)
Rated pressure range 0 to 1 MPA Fa e —p—
Repeatability 102 %(F.S.) (s S5
Supply voltage 12 to 24 VDC
Analog output 10 in;f riaz : *.
Output impedance Approx. 1k{2 -
Proof pressure 1.5 MPa -

Table 4. Specification of Laser distance sensor

Laser sensor

(OD-1000)
Reduction ratio 1/60
Axial module 25
Lead angle 3.87°]
Pressure angle 200°]

Backlash

0.14[°1~0.27°]

Mounting distance

935[mm] g
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