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Abstract

This paper describes the mathematical model of frequency control system development, the frequency control system based on neural network designing and frequency control processes simulation results.
1. Introduction 
The precision of synchronous generators output voltage frequency stabilizing is defined by the characteristics of the receivers of electric energy on aircraft board. Critical to frequency fluctuations are flight-navigation instruments, elements of control systems. 

Most of the receivers of electric energy works satisfactorily when the frequency deviation within ± 5% of its nominal value of 400 Hz, so this range is accepted as a standard. 

To construct the frequency controllers of synchronous generators the use of intelligent control systems is interesting: fuzzy logic, neural networks, genetic algorithms and expert systems. The most simple in implementation are control systems based on neural networks and fuzzy logic. 

The use of frequency control based on neural network for synchronous generators improves the dynamics of the frequency regulating processes. The advantage of systems based on neural networks compared with other control systems is the work speed due to their inherent computation parallelism. 

The paper presents the results of research and development of frequency control systems for synchronous generators based on neural networks. 

2. Mathematical model of the frequency control system 
To investigate the statics and dynamics of the processes to control the frequency generator it is necessary to have the differential equations of control system elements. 

The equations of the control object consisting of a synchronous generator and a constant speed drive has the form [1]: 
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where 
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 is drive time constant, 
[image: image3.wmf]M

S

 is drive self-leveling factor, 
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 is drive control parameter gain coefficient,  
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 is the coefficient characterizing the influence of the disturbance. 

Rough and precision control channels are described by the equations: 
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where 
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 is the rough channel time constant, 
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 is the rough channel gain, 
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is the coefficient of signal transmission from the equalizer,  
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 is relative change in angular frequency, 
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is relative displacement of the drive control device, 
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 is relative displacement of the worm gearbox washer of equalizer, 
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 is the coefficient that characterizes the time of equalizer washer relaying from one extreme position to another, 
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is the coefficient characterizing the efficiency of the impact of precision control channel on the movement of the spool. 

The work of contactless synchronous generator GT40PCH8 with pneumatic actuator  with time constants: 
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Self-leveling factor for rated operating of aircraft engine 
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Static control error rate is zero, because the system uses an integrating element - capacitor motor. 

In Simulink interactive system it was developed model of the system to control the output voltage frequency of synchronous generator. Figure 1 shows a block diagram of the frequency control system based on neural network. 
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Fig. 1. Block diagram of frequency control system based on neural network
3. Frequency controller based on neural network 

The values of resistance and load power factor are used as input parameters of neural network controller. Three-layer back-propagation network (Fig. 2), including 2 neurons in the input layer (number of input vector components) with a transfer function logsig, 15 neurons in the second layer with a transfer function logsig and 1 neuron in output layer (number of output vector components) with a transfer function purelin was formed. Levenberg-Marquardt algorithm (trainlm) is selected as a training algorithm. This algorithm provides a short learning time, but requires a lot of computational resources. The criterion for train finishing is a deviation, in which training will be completed. This value was chosen to be 0.01. The maximum number of cycles - 1000. 
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Fig. 2. Configuration of neural network
Training samples for the neural network consisting of matrices of input values and standards were formed using the gain dependences of load resistance, which were obtained based on the least control time for individual values of resistance and load power factor. 

Fig. 3 shows a graph of established neural network training procedure. 
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Fig. 3. Neural network training procedure
To apply the trained network as a frequency controller, a block function that produces a neural network output signal generation based on the input parameters was established: 

sim (net, [u (1); u (2)]), 

where [u (1); u (2)] is matrix of input parameters, net is the identifier of neural network that is loaded in Matlab workspace. 

4. Frequency control simulation 

To assess the performance of the frequency control system based on neural network simulation after a sudden connection of various loads to the terminals of synchronous generator for a system with average efficiency of the impact of precision control channel on the movement of the spool and the system with neural network controller was conducted. Fig. 4 and 5 shows the graph of the change in frequency without a control system based on neural network and with a control system based on neural network. The obtained values of control time are summarized in Tables 1 and 2. 
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Fig. 4. Transient changes of frequency without the use of frequency control based on neural network
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Fig. 5. Transition changes of frequency when using the frequency control system based on neural network
Table 1 

	
	cos φ=0
	cos φ=0.8
	cos φ=1

	Il, p.u.
	tr, sec.
	tr, sec.
	tr, sec.

	0.5
	6.8
	4.3
	7.0

	1.0
	3.6
	1.85
	1.6

	1.5
	3.71
	3.7
	3.45

	2.0
	6.5
	6.5
	6.15


Table 2 

	
	cos φ=0
	cos φ=0.8
	cos φ=1

	Il, p.u.
	tr, sec.
	tr, sec.
	tr, sec.

	0.5
	5.9
	3.7
	6.6

	1.0
	3.05
	1.65
	1.4

	1.5
	3.7
	3.6
	3.12

	2.0
	4.37
	4.35
	4.0


Data analysis shows that the system with neural network controller provides control time 1,03-1,54 times less than the system with the average efficiency of the impact of precision control channel on the movement of the spool. 

5. Conclusion 

• A mathematical model for studying the dynamic characteristics of the frequency control system with the average efficiency of the impact of precision control channel on the movement of the spool and the frequency control system with neural network controller was developed. 
• The structure defined, the training data formed, and neural network of frequency controller trained. 
• Frequency control processes simulation in systems with the average efficiency of the impact of precision control channel on the movement of the spool and the neural network controller conducted, which revealed the performance superiority of the system with neural network controller in 1,03-1, 54 times. 
• Frequency control simulation showed the feasibility of output voltage frequency control systems based on neural networks for synchronous generators. 
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