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ABSTRACT
The paper deals with dynamic analysis of automatic ship steering gear systems utilising complex
controls that function according to the principle of proportional, integral and derivation regulators.
The analysis involves a system dynamic simulation modelling methodology as one of the most suitable
and effective means of dynamic modelling of complex non-linear, natural, organisational and
technical systems.
The paper discusses system dynamics simulation models being used in qualitative (mental-verbal,
structural) and quantitative (mathematical and computer) simulation models on ships equipped with
trailing steering systems and PID regulator.
Authors suggest using the presented models for designing and constructing new steering systems, for
diagnosing existing constructions and for education in Universities.
The results presented in the paper have been derived from the scientific research project “New
Technologies in Diagnosis and Control of Marine Propulsion Systems” supported by the Ministry of
Science, Education and Sport of the Republic of Croatia.
Keywords: System Dynamics, continuous and discrete simulation, ship direction, heuristic
Optimization
1. INTRODUCTION
Integrated transport ships as means of transport have an important place both in transporting cargo and
passengers. The ship has to have the ability to follow a given trajectory and to change its course
according to given regulations.
The regime of keeping the ship on its given course to ensure its stability, as results of analysis show,
requires frequent turning of the rudder blade. Manual steering, needed for 4o to 6o degree turns, turns
the steering gear engine on and off app. 400 in an hour, while automatic steering raises this up to 1500.
The most important regime of navigation is straight linear movement of the ships along its course.
This is achieved by steering gear which compensates for external disturbances and influences which
can cause departures from the given course. Automatic steering gear systems are used for automatic
ship control. They can be stabilizational, trailing or programmed steering systems.
To steer the ship along its given course requires acquaintance with the nature and the power of forces
affecting the ship, as well as the ship's manoeuvrability.
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This paper deals with trailing systems of rudder control with PID-regulator. A mathematical model of
the ship is given, in the form of a system of three differential equations, a model of a trailing system of
ship rudder control, and a mathematical model of PID-regulator.
The third part discusses a dynamics structural model of automatic ship control with graphic displays of
direct and indirect influences that each variable and parameter has on a particular element of the
system.
The fourth part deals with a computer simulation model, where various disturbances affecting the
ship’s course are planned and anticipated, analysing their effect on ship direction, position of rudder
and their frequency.
System dynamics is a research methodology for analysis modelling, simulating and optimising
complex dynamic systems. This paper has utilised the system dynamics modelling as a relatively new
scientific methodology applicable in analysis of technical, natural and social systems.
2. SYSTEM DYNAMICS SIMULATION MODELING
The dynamic mathematical ship navigation model gives a principle according to which ship
parameters change during navigation on a horizontal plane and under influence of various
disturbances.

dψ
=ω
dt

(1)

dβ
= f − k1α − k2 β − k3β β − k7ω
dt

(2)

dω
= m − k 4α − k 5 β − k 6ω
dt

(3)

Where are:

ψ - relative value for the change of the course angle;
α - relative value for the change in the rudder angle;
m - coefficient of disturbance depending on the influence of the wind, sea currents and waves,
length of the ship, the moment of inertia of ship, ship speed and added water mass which
is being moved by ship movement;
ω - relative value for the change of angular velocity;
β - relative value of angle of roll;
f - coefficient of disturbance depending on the forces on the wind, waves, currents, length of the
ship, water mass being moved by ship movement and ship speed influences;
k1-k7 - corresponding coefficient of reinforcements.
In accordance with system dynamics quantitative or mathematical model (equations from 1-3) it
would be possible to work out the structural and mental-verbal system dynamics simulation model of
the vessel’s navigation process.
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Figure 1. System Dynamics Structural modelof the vessel’s navigation process
3. SIMULATION SCENARIO
The simulation of automatic navigation of a ship has the following scenario:
The horizontal axis represents the time variable.
The load on the ship under automatic navigation is as follows:
− In the 10th second, it changes 10% according to the bounce function,
− In the 20th second, it changes 20% according to the bounce function in the opposite direction,
− In the 25th second, the load decreases 10% according to the rebounce function,
− In the 60th second, an impulse load functions with 20%,
− In the 80th second there is a deviation in accordance with the sinus function with the
amplitude of 10%.
Simulation results
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Figure 2. Graphic results of simulation

563

PSI
BETA

4. CONCLUSION
The application of System Dynamics Simulation Modeling Approach of the complex marine dynamic
processes revealed the following facts:
1. The System Dynamics Modeling Approach is a very suitable software education tool for
marine students and engineers.
2. System Dynamics Computer Simulation Models of marine systems or processes are very
effective and successfully implemented in simulation and training courses as part of the
marine education process.
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