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Abstract

The paper describes an application of simulation models for computer-aided design of ship bow thrusters. Generation of
simulation models of ship bow thruster requires development and verifying of mathematical models of system
component elements. Using the results of simulation the expert system is able to determine, that the rules of
classification societies are met. Design procedures and mathematical models are part of an expert system for computer
aided design of ship power systems. As an example, the simulations investigation of the bow thrusters dynamics are
presented. As a result of the research simulations, the plots of electrical supply, load current, load torque, and rotation
speed of the induction motor are presented.
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1. Introduction

Currently, mathematical models can be applied in many fields, also in a design process. Development of an
adequate mathematical models is very labour-intensive and therefore expensive. Mathematical models should be
properly evaluated and also easy to connect with another. The designers look for support at various stages of design to
lower the costs and the use of artificial intelligence in design process helps to improve it. For these reasons, a library of
mathematical models is developed. The models are used for the computer-aided design of a ship power system. The
developed library contains mathematical models of elements of ship tunnel thrusters. The tunnel thrusters are installed
in the bow or stern in order to improve docking, slow speed manoeuvring, emergency steering and station keeping at
zero or slow forward speed. The manoeuvring of a ship using one single bow thruster are shown in the Fig. 1, where:
X, y — coordinates of the ship position, V — ship speed, u, v — components vector, r — angular velocity of the ship turning,
w — ship heading, ¢ — rudder angle.

Fig. 1 Ship manoeuvring with use of bow thruster [6]

The library is used in an expert system to assist in the design of the ship thrusters. The simulations of bow
thruster models were considered for the study of their impact on the power system of a ship. Works concerning
computer-aided design systems are developing in the world. Earlier systems were mainly based on the use of the
similarity to the earlier design solutions [9]. The developed hybrid expert system uses online simulation investigations
as an additional source of knowledge [6]. Other authors proposed an application of multi-agent systems for ship’s
power system design [5]. The European Commission allocates significant resources to improve the competitiveness of
the shipbuilding industry [8]. The Polish government also intends to support an industry related to a ship construction.

The paper describes the library of simulation models for computer-aided design of ship bow thrusters and an
exemplary simulation investigation.

2. Library of Mathematical Models
The library includes models of the following elements: an induction motor (Fig. 2), a hybrid induction motor,

an induction motor taking into consideration losses in an iron, the induction motor taking into consideration losses in a
copper, a Diesel engine, a speed governor of the Diesel engine, a synchronous generator, a thyristor excitation system



A\ MOST

329

and synchronous generator voltage controller, a propeller shaft (Fig. 3), a controllable pitch propeller (Fig. 4), a
transmission gear adding moments, a transmission gear of a rotation speed, an electric load, and components with step
changes of voltage: a star-delta switch, an autotransformer [1-3, 6].
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Fig. 2 Model structure of induction motor [6]
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Fig. 3 Model structure of propeller shaft [6]
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Fig. 4 Model structure of controllable-pitch propeller [6]

The library also contains the models parameters of chosen types of components elements.

The inputs and outputs of the model of an induction motor (Fig. 2) are: U - rms voltage of one phase, w - angular
frequency, &, - shaft angular distance, mp,,, - output torque, I, - rms current of one phase, ¢, - phase shift of a load
current.

The inputs and outputs of the model of a propeller shaft (Fig. 3) are: myq, - input torque, & - angular distance of
a pitch, my,s - output torque, s - angular distance of a shaft.

The inputs and outputs of the model of controllable - pitch propeller (Fig. 4) are: mp, - input torque, hy - given
value of a pitch, v - ship speed, & - angular distance of a pitch.

The library of mathematical models was built in Matlab / Simulink environment, Using the developed structures
of models we can easily transfer the library to other simulation applications. The developed models are used in an
application of an expert system for aided design of ship power system automation.
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3. Simulation Investigation of Ship Bow Structure

The simulation investigation of the bow thrusters will be presented as an example structure. Structure of the
simulation model is shown in Fig. 5. The elements of the structure are: the Diesel engine, the speed governor of the
Diesel engine, the synchronous generator, the thyristor excitation system and synchronous generator voltage controller,
the induction motor (Fig. 2), the propeller shaft (Fig. 3), the controllable-pitch propeller (Fig. 4) [6, 7]. The bow thruster
was simulated using the parameters equivalents to real elements. The parameters of the model of an induction motor
are: p, — number of pole pairs, R; — stator resistance, R, — rotor resistance, X; — stator leakage reactance, X, — rotor
leakage reactance, Xy — magnetization reactance, ks, — torsional elasticity, ki — gain factor of a friction torque, T — time
constant of a rotating mases. The parameters of the model of a propeller shaft are: ks — torsional elasticity, T,s — time
constant of a rotating mases, ki, — gain factor of a friction torque, The parameters of the model of a controllable-pitch
propeller are a, § — factors of a controllable pitch propeller, Tq — time constant of a rotating mases, Vi, — Ship speed.
These equivalent parameters are given in Tables 1-3. The parameters of mathematical models were chosen using
genetic algorithms [4]. It was assumed that the screw for the h, = 0 gives resistance — 15% of the nominal load.

The established simulation investigations program is: the Diesel engine is started at time t=0s, the voltage at
the induction motor is switched on at the time t = 40 s, the pitch propeller of bow thruster is set to 50% (maximum load)
at time t = 60 s, the pitch propeller of bow thruster is set to 100% (maximum load) at time t = 70 s, the pitch propeller is
set to the neutral position at time t = 80 s, the time of the simulation is T; = 100 s.

Table 1
Model parameters for induction motor type AMA400L4A VAMH [4, 6]
pn Rl RZ Xl X2 XM kse kte Tse
l1pu | 0,0469pu | 0,014pu | 0,1415pu | 0,0608 pu | 2,6952 pu | 0,1-10° pu 0,02 pu 2s
Table 2 Table 3
Model parameters of propeller shaft type 1w [6] Model parameters of pitch propeller type 1s [6]
Kus Tus Kiw o ,b) TQ Vstatku
8-10° pu 1-107s 1-10°pu 0,8 pu 0,15 pu 0,09 pu 0 pu
h, mpw mg - g >J ngs My L Eqr Ews P~ 1 Ny
10000 1 Hu/ es e /M\\
1 s — | ] U | I — <
— Iy - / Ug - ) " st
Diesel engine = @y \\“/ I T 10} \\‘/ ®n M Mg Mpns
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Fig. 5 Structure of mathematical model of bow thruster subsystem [7, 6]
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Fig. 6 Simulated voltage of induction motor. X-axis in
seconds, Y-axis in relative values 1 = 100%

Fig. 7 Simulated current of induction motor. X-axis in
seconds, Y-axis in relative values 1 = 100%
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Fig. 8 Simulated load torque of induction motor. Fig. 9 Simulated angel velocity of induction motor.
X-axis in seconds, Y-axis in relative values X-axis in seconds, Y-axis in relative values
1=100% 1=100%

As a result of simulation investigation plots shown in Figs. 6-9 were obtained. Figs. 6 shows the simulated value
of voltage of the induction motor; the voltage drop is caused by current of the receiver. Fig. 7 show the simulated value
of current of an induction motor; the increase of the current in the 40 s was caused by start of an induction motor.

The results of simulation investigations ale compared with the requirements of classification societies. Fig. 8
show the simulated value of load torque of induction motor. Fig. 9 show the simulated angel velocity of induction
motor. The angel velocity drop is caused by change of pitch given value. Using the simulation investigation results an
expert system determines that the rules of classification society are met.

For example, the classification society PRS (Polish Register of Shipping) rule of a limitation of voltage
changes of generator is that required limitation of voltage change — after t=1.5s the voltage should be included
in+0.2 U, is met.

4. Conclusions

The library of mathematical models for the expert system was developed, on the basis of detailed analysis of
design process of ship thrusters. The system includes:

¢ knowledge base containing methods and procedures of a ship system automation design;

o library of a ship thruster structure;

e database of a ship thruster elements;

e requirements of a classification societies,

¢ subsystem for online simulation investigation co-operating with the Matlab/Simulink environment.

Built system is characterized by a rule-oriented representation of knowledge, back-ward and forward chaining
inference methods, and possibility of co-operation with other software and database. Database were made using the MS
Access software. The described library of models is a part of the developed expert system. The results of simulation
investigations are useful as an additional source of knowledge for the expert system. Because of the importance of the
shipbuilding industry, the European Commission offers funds for supporting it. The built expert system application for
the ship thrusters design, was verified with the use of on-line simulations on the project examples. Analysis of reports
summarizing work of the system confirms the usefulness of the built tool as a means of support for designers.
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