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Abstract 
In order to improve the reliability and stability of the ship's power system and ensure 
the optimal configuration of the ship's power under various states, the modular 
modeling method is used to establish the diesel engine and speed regulation subsystem 
model, generator and excitation subsystem model, synchronous generator parallel 
control module model and generator set control model. The typical operating conditions 
of ship power system are simulated in Matlab / Simulink simulation environment. The 
simulation results show that the model can accurately reflect the actual operation of the 
ship power system, and can avoid the high cost and high risk of working condition test 
and fault test on the real ship. The data results have important reference significance for 
the design, commissioning and control method of ship power system. Because the 
control parameters are difficult to set and depend too much on experience, a method of 
setting parameters by particle swarm optimization (PSO) algorithm is proposed, which 
has the advantages of short optimization time and simple programming. Through 
multiple groups of optimization experiments under different system parameters, 
different given inputs and different loads, the effectiveness of PSO optimization 
algorithm is verified. Finally, simulation and real-time control experiments verify that 
the control parameter optimization based on PSO algorithm has a good effect. The multi 
group optimization experiments also provide some reference for the selection of PSO 
coding. 
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1. Introduction 

Modeling and control optimization of marine power system is a research carried out under the 
background of the unconventional development of marine power system. Due to the increasing 
demand of shipping companies around the world for large container ships and large oil tankers, it is 
a foregone conclusion that shipping ships will develop towards large-scale. Ship electric thruster 
system is widely used in super large container ships and super large oil tankers. In addition, due to 
the emergence and application of electric propulsion ships, ship electric technology has become a 
research hotspot. For example, the rated capacity of the power system designed by Alstom for an 
electric propulsion military ship has reached 20.32mw.[1]. 

With the increasing single unit capacity of marine ship power system generator, the ship power 
system is becoming more and more complex, and the requirements for power control and 
management system are becoming higher and higher. [2] The long-term stability and control quality 
of ship power system control are becoming more and more important. In order to ensure the safe and 
stable operation of the ship's power system and improve the power supply quality of the ship's 
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generator set, there are a lot of research work on all aspects of the ship's power system, such as: 
studying the dynamic operation process of the ship's power system; Establish a ship power simulation 
system and evaluate the operation of the system in all aspects; Analyze the unstable operation factors 
and faults of ship power system; Research on intelligent control method of marine generator set; It 
also includes how to improve the technical quality of marine engineers and so on. During the normal 
operation of the ship's power system, the production, transmission and consumption of electric energy 
are required to maintain a dynamic balance. [3]All components of the system are connected into a 
whole through electrical connection. The failure of any element in the system can instantly affect all 
power grids, which may have a negative impact on the safe operation of the system. In serious cases, 
the system will lose stability, which will threaten the safety of the ship and the lives of the crew. 
Compared with the land system, the marine power system has the following characteristics: the 
generator set of the marine power system is a diesel generator set, and the rated power of the electric 
load accounts for a large percentage of the rated capacity of the generator unit. Therefore, when 
various electric loads operate, the dynamic control process of the system occurs frequently, and the 
fluctuation range of the dynamic process of the system is large. The ship is in the vast sea. 

Marine navigation, ship power system is the life of ships. Ship power system has strong independence 
and high requirements for safe operation, which makes ship power system analysis and control a 
special research field. 

Before the application of the design scheme of ship power system, it is necessary to evaluate a series 
of system dynamic and static quality indexes, system safe operation and system optimization, and set 
the system parameters and simulate the operation of faults. Therefore, for the design, system 
debugging, parameter setting and fault simulation of ship power system, it is a very important work 
to establish the model and simulation platform of ship power system. Accurate power system model 
plays a key role in the evaluation of system design scheme. Because of the inaccuracy of ship power 
system model, too optimistic and pessimistic system analysis results are obtained, Can bring 
immeasurable losses to the design and operation of ship power system. Therefore, according to the 
characteristics of ship power system, modeling, analysis and control of ship power system has 
important theoretical value and practical application significance. 

Ship power system consists of power generation system, distribution system, power network and 
power load . Using the modular modeling method, the diesel engine and speed regulation subsystem 
model, generator and excitation subsystem model, synchronous generator parallel control module 
model are established in the MATLAB / Simulink simulation environment. The speed control module 
and excitation control module are combined to form the generator set control module. By analyzing 
the changes of system state parameters under different disturbances, the ship power system is studied. 

2. Simulation Model and Optimization Algorithm 

2.1 Establishment of Ship Power System Simulation Model 

2.1.1 Marine Diesel Engine and its Governing System Model 

Synchronous generator is the power supply device of electric propulsion system, and the structural 
schematic diagram of its control system is shown in Figure 1. In the figure, the function of diesel 
engine and speed controller is to provide power and maintain the stability of grid frequency, and the 
function of synchronous generator and excitation system is to generate voltage and maintain the 
stability of grid voltage. 

The combined modeling of marine diesel engine and its speed regulation system is carried out through 
the second-order model. The difference between the actual speed and the set speed is sent to the main 
control unit, which is combined with the amplification unit to form a control unit of proportional 
differential plus second-order inertia.[4] The output speed of the diesel engine is transformed into 
torque by integral action. Finally, the torque is multiplied by the speed to obtain the power signal. 
The simulation model is established in Matlab / Simulink simulation environment, as shown in Figure 
2. 
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Figure 1. Structural diagram of diesel generator set control system 

 

 
Figure 2. Ship power system simulation model 

 

Referring to the excitation system model recommended by IEEE, the mathematical model of 
controllable phase compound excitation brushless AC excitation system is established. 

2.2 Tuning Control Parameters with Particle Swarm Optimization Algorithm 

Particle swarm optimization algorithm is a kind of swarm intelligence algorithm. Its background 
comes from the imitation of bird flight behavior. It has good expressiveness in solving optimization 
problems.[5]. 

In this paper, particle swarm optimization algorithm is used to optimize the parameters of excitation 
system, as shown in Figure 2. The six parameters are L1, L2,..., L6. The particle swarm size is 5. In 
the process of 5 iterations, the above optimization parameters are found. Use particle swarm 
optimization to get optimization. The steps are shown in Figure 3. 
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Figure 3. Flow chart of particle swarm optimization algorithm 

 

Step 1: determine the initial particle position and velocity. The range of particle parameters is limited. 
In order to reduce the search space and accelerate the optimization process, the particle velocity is 
randomly selected within the range. 

Step 2: for the initial particle swarm, determine the individual optimal position and the global optimal 
position. The parameter performance is evaluated by the fitness function value. In this paper, the 
fitness function selects the output absolute error integral, that is, IAE criterion, in order to obtain 
better dynamic response performance and processing ability of initial error. In the iterative 
optimization process, up to the current iteration, the individual optimal position is defined as the 
particle with the minimum fitness value. Therefore, the global optimal position is defined as the 
particle with the minimum fitness value of the whole population. 

Step 3: update particle speed and position. Update particle fitness, current optimal and global optimal. 

Step 4: the cycle ends and the optimal solution is obtained. 

3. Simulation results 

The simulation research is carried out under Matlab / Simulink, and the initial parameters are shown 
in Table 1. 
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Table 1. Initial parameter value 

Parameter Ka() Ta(s) Ke() Te(s) Kf() Tf(s) 

Initial value 200 0.02 1 0 0.001 0.1 

 

The power system simulation is shown in Figure 4. 

 

 
Figure 4. Initial simulation results 

 

The simulation after particle swarm optimization is shown in Figure 5. 

 

 
Figure 5. Optimized simulation results 
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The change of fitness function of particle swarm optimization algorithm is shown in Figure 6. 

 

 
Figure 6. Fitness function 

The optimized parameters are shown in Table 2. 

 

Table 2. Optimized parameters 

Parameter Ka() Ta(s) Ke() Te(s) Kf() Tf(s) 

Value 260.7237 0.0440 0.1862 0 0.0017 0.5811 

4. Conclusion 

This paper constructs and optimizes the simulation model of ship power system based on MATLAB 
/ Simulink. Using particle swarm optimization algorithm, the six parameters of generator excitation 
system are optimized at a faster speed, and better power system parameters are obtained. The 
experimental results show that the working performance of the optimized system is greatly improved 
compared with that before optimization. 
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