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Abstract. Mathematical modeling of wind power plants is an urgent task, since the degree of their introduction into 
traditional energy systems is growing every year. At the same time, it is not always possible to obtain information about 
the processes in the power system. In such cases, it is possible to use the model of the power system. However, since the 
power systems are enormous, their model is also great, and therefore, with its detailed reproduction, many problems arise. 
One solution to such problem is to use simplified wind turbine models. The article substantiates the need to use detailed 
models of wind turbines to analyze their impact on the functioning of the power system. 

INTRODUCTION  

In the model of a double fed induction generator (DFIG), transients in the rotor are often neglected [1], thus a so-
called 3rd-order model is obtained. However, to take into account rotor transients, a detailed simulation of the 
converter, including semiconductor switches and current control circuits, is required. The result will be time constants 
that are significantly lower than 100 ms – a typical minimum time constant used in the specialized software for 
calculating electromechanical processes, which limits the applicability of such models in the specified software. The 
resulting model will be much more complex and, therefore, for simplicity, in the specified software of 
electromechanical processes calculation VSC with current control loops are often represented by current sources. 
Hybrid simulators do not encounter such a problem [2, 3]. 

However, the 3rd order, as compared to the 5th, of the usual DFIG model is important from the point of view of 
the behavior of the electric values of the generator and the voltage stability [4]. Leading manufacturers of wind turbines  
agreed that the use of the 3rd order DFIG model in studies of electromechanical transients leads to incorrect results 
because the transients of the fundamental frequency in the currents of the machine are ignored. This disadvantage can 
lead to misleading conclusions regarding the actions of the converter - blocking due to over-current [5, 6]. This proved 
that the study of stability, at least, need the 5th order DFIG model. 

HIGH ORDER DOUBLE FED INDUCTION GENERATOR MODEL 

The system of equations of the 5th order for DFIG with regard to the direction of the current in the stator and 
taking into account the axis d, leading the axis q, looks as follows: 
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where  s - slip, u - voltage, i - current, R - resistance and ψ - flux linkage. 

Everything is measured in pu. The subscripts d and q denote, respectively, the direct and quadrature components and 
the indices r and s for the rotor and stator, respectively. Slip could be found by the formula: 
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ωm – angular frequency of the shaft of the generator turbine (rotor), p – number of poles. 
To account for iron losses it is necessary to add an equivalent loss resistance Ri and the current through this 

resistance according to the Fig. 1. 
 

 

FIGURE 1. Equivalent DFIG scheme 
 
Thus, the complete system of DFIG equations becomes the 7th order model. 
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The equations of flux linkage in the air gap are determined according to the expressions: 
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The equations of the resulting flux linkage in the stator are determined according to the expressions: 

 
   ds δd σs dsx i        (12) 
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The equations of the resulting flux linkage in the rotor are determined according to the expressions: 
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In addition, the saturation of the main magnetic flux will also change the system of equations. 
In this case, the saturation of the main flux is taken into account by replacing the reactive resistance in the magnetic 

circuit with the corresponding value in the saturation state, which is determined according to the expressions: 
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where Km – saturation coefficient. 
The effect of saturation of the leakage flux is explained by a significant increase in the stator and the rotor generator 

currents during the transient process [7]. It has a significant impact on the operation mode of the equipment. To present 
the effect of saturation of the leakage flux (Fig. 2), reactive resistances of the stator and the rotor (Xls, Xlr) are divided 
into their saturated components (Xls-s, Xlr-s) and unsaturated components (Xls-u, Xlr-u). 

 

 

FIGURE 2. Equivalent scheme with regard to saturation 
 
In this case, Ks can be found by the formula [8]: 
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CONCLUSION  

The analysis of various DFIG models has led to the conclusion that to assess the impact of wind power plants on 
the operating mode of power systems, at least the 7th order model is necessary, taking into account the saturation of 
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main and leakage fluxes of an electric machine. In addition, it was determined that the model of the 3rd order is 
unacceptable for solving the tasks. 
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