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MMG model is well known as a mathematical model for ship manoeuvrability. Although it is originally
designated for single-propeller single-rudder ships, some researchers have attempted and succeeded to expand
it for other types of ships. However, it is still very hard to estimate the hydrodynamic coefficients, especially
interaction coefficients, without conducting model experiments. Therefore, there is a need to treat research on
establishing more accurate and/or general mathematical model for ship manoeuvrability for wide range of ship
types including various types of ships, various combinaiions of propeller(s) and rudder(s). In this thesis, the
following aspects are investigated:

a) The manoeuvring characteristics of twin-rudder ships are firstly reviewed in details. A method for estimating
the coefficients was proposed in order to identify the mathematical mode! for a given twin-rudder system ship
type without conducting any model experiments and referring to the manoceuvring study of other multi-propeller
multi-rudder model ships developed earlier by other researchers.

b) The effect of drift angle at cruising speed on the rudder forces and some peculiar phenomena concerning
rudder normal force for twin rudder ships are evaluated. Additionally, the mathematical model of the

twin-rudder ships is investigated and validated with different ship types.

Captive model tests (oblique towing and C.M.T.) as well as free running tests with a single-propeller
twin-rudder ship and a twin-propeller twin-rudder ship were carried out. The model instrumentation included
separate measurements of rudder, propeller and hull forces. The main conclusions of this study ave:

1. An approximate mathematical model for an unknown wide-beam twin-propeller twin-rudder ship is
totally estimated without conducting any model experiments. A set of combination of hydrodynamic
coeflicients of similar hull ship type and the estimated coefficients for propeller, rudder and wind model
is established.

2. The predicted manoeuvring performance of the above mentioned subject ship was validated and
numerical simulation using a regression model under steady wind conditions werc also carried out in
order to study the influence of wind on the subject ship manoeuvring characterisiics.

3. For twin rudder systems, the effective inflow angle could become in the opposite direction to the rudder
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angle during turning motions. For single-propeller twin-rudder system, this phenomenon is usually
observed for lower range of rudder angle. For twin-propeller twin-rudder system, the phenomenon
seems to be more significant and could be observed for the entive operating range of rudder angle.

4. A new method for estimating the hull-rudder interaction coefficients based on free-running
experimental results was proposed. This method is based on the hill climbing procedure where the
rudder normal forces recorded during free running experiments are used in order to define an ervor
function of which the minimum values ave selected with the purpose of determining the optimum values
of flow straightening coefficient. The flow straightening cocfficient describes the effects of propeller and
hull upsiream of the rudder which are straightening the flow leading to a recovery or increase in the
effective inflow angle to the rudder.

The flow-straightening coefficient shows a slight asymmetric behaviour for starboard and port turning

o1

for single-propeller single-rudder system. This coefficient is significantly asymmetric in casc of
single-propelier twin-rudder system, but shows slight asymmetric trend for twin-propeller twin rudder
system.

6. The proposcd mathematical model for simulating opposite sign of rudder normal force to the turning

direction for twin-rudder ships during turning manoecuvres could be validated for different ship types.

The main conclusions of this study ave that the manoeuvring characteristics of an unknown ship can be
predicted by referring to previous researches and to similar ship types experimental data. The estimation of the

flow-straightening coefficient from free running experiments has enough merit to be considered.
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