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MODELING OF WIND TURBINE CONTROL SYSTEM AND 
OPTIMIZATION OF REGULATOR PARAMETERS 

System of linear differential equations for modeling of automatic regulation of angular velocity of wind 
turbine rotor, taking into account the impact of wind velocity, power of loading and regulation delay time is 
suggested. Optimization of PID regulator coefficients, using object-oriented library of non-linear systems of 
Matlab environment which enables to determine the parameters of regulator, that meet the requirements of 
optimality criterion, is carried out. 

Key words: automatic regulation, mathematic model, optimization, modeling, wind power unit.  

Introduction 

Wind power units (WPU) are alternative sources of energy and investigations carried out in this 
sphere, are very urgent, due to constant growth of the price for fuel.   

The aim of the paper is the development of mathematical model for the forecast of angular 
velocity of generator rotor, angle of incidence of the blade, taking into consideration the change of 
power of consumed electric energy and modeling of automatic control system of regulation with 
constant delay, optimization of PID (proportionally-integral differential) regulator parameters. 

Presentation of main material of research  

Functional diagram of wind power unit, as the object of regulation, is shown in Fig. 1., where the 
following symbols are used: ( )V t  – wind velocity; ( )a t  – angle of blade rotation relatively axle; 

)(tM B
T  – torque, created by the blade;  )(tM R

K  – total torque, created by the rotor of WPU, )(tG  – 
angular velocity of electric generator rotor rotation; )(tIl  – electric generator load current. 
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Fig. 1. Functional diagram of regulation object 

 
General view of differential equation of the wind turbine [1]: 
 

rT MM
t

J 


 ,  

where J  – given moment of inertia; TM  – torque ; rM  – moment of resistance.  
 Total torque equals:  
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The system of differential equations with constant coefficients for the system of automatic control 
has the form [2]: 
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where  – increment of the value of angular velocity of generator rotor on time interval of 
consumed electric energy power forecast;  V  – increment of wind velocity;   – angle of 
incidence increment of the blade; P  –- active power increment; t  – factual value of angular 
velocity; n  – nominal value of generator angular velocity. 

 Time evaluation mathematical model of the motor of pitch angle drive blade switch on, taking 
into account wind velocity change and consumed power will have the following form: 
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Taking into account PID regulator [3], the system of linear differential equations with constant 

coefficients for automatic regulation with delay argument can be written as: 
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Fig. 2 shows Matlab simulink-model of automatic regulation realized on the basis of this system 
of equations. 

 
Fig. 2. Simulink-model of the system of automatic control of angular velocity of generator rotor regulationгенератора 

 
We will perform optimization of ПІД regulator parameters. For this purpose we apply 
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optimization tool NCD Outport (Nonlinear Control Design) [4]. 
Proceeding from initial estimates, the process of optimal parameters of system PID regulator 

search is presented graphically. First the graph, that corresponds to initial conditions of optimization 
is derived (Fig. 3). If in the course of computations such value of variable that completely 
corresponds to optimality criterion is obtained, then the computation process automatically stops 
(Fig. 3, line 1), at Kc = 168.63, Ki = 0.518, КD=34.945 for the given case of disturbance. 

 

 
Fig. 3. Graph, corresponding to the initial conditions of optimization 

Fig. 4 presents the combined regulation graph of angular velocity of generator rotor with delay 
s  1.0delt , s 2.0delt , s 25.0delt  and s 3.0delt . 

 
Fig. 4. Graph of generator rotor angular velocity regulation with delay 

Conclusions 

For efficient control of wind turbine in the process of wind velocity change in greater or smaller 
side it is necessary to calculate the time of pitch drive motor start. Considerable increase of the delay 
leads to greater regulation and, as a result, to oscillations of voltage and power, generated by WEU. 
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