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On a New Mathematical Model of Manoeuvring Motions of a Ship

by XKuniji Kose, Member Toshiro Saeki, Member

Summary

In this paper, a new mathematical model describing manoeuvring motions of a ship is
presented according to the detailed investigation of captive model tests. This model, based
on the method proposed by the subcommittee of JTTC named Group-MMG, is composed of
individual characteristics of hull, propeller and rudder and their interactions.

First, the model for longitudinal hydrodynamic forces is dealt with.

Second, the method to describe the hydrodynamic forces concerning to rudder is treated.
A simple model consisting of open characteristics of rudder, inflow angle and velocity at
rudder is proposed.

Two problems as to lateral hydrodynamic forces acting on hull are then argued. One of
them is the matter of nonlinear terms and, from the practical point of view, third order
terms with rate of turn and swaying velocity are recommended. The other factor is the fin
effect of propeller, and it is verified not to be negligible for manoeuvrability.

Last, comparing the free-running results with estimated manoeuvres calculated by the
present model, satisfactory coincidence is obtained. Consequently, the proposed model

describing manoeuvring motions of a ship is found promising.
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Table 1 Principal particulars of the model.

Hull Rudder
(m) 4.000 S A S RIS R
B m | 07571 | ar/id 1/66.7
{m} 0.229 Propeller
v (m3) 0.366 D (m) 0.160
Ce . 0.700 P.R. 1.100
LCB 0.5%Fore E.A.R. 0.500
kzz 0.25L Z 4

{ Series 60 Parent Model )
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Table 3 Derivatives of longitudinal
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Fig.1 Longitudinal forces measured by CMT
and their fitting curves
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Fig.5 Effective rudder inflow angle under
manoeuvring motions (without pro-
peller)
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Fig. 6 Effective rudder inflow angle under
manoeuvring motions (with propeller)
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Fig. 11 Comparison of measured and predicted turning characteristics .
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