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Abstract— large wind farms Consists doubly fed induction 

generator (DFIG) variable speed wind turbines. They have 

accurate models of doubly fed induction generator wind 

turbines and their associated control and protection circuits. 

The main aim of this paper is to study the theory and control 

for the doubly-fed induction generator (DFIG) based wind 

turbine, and establish its model by using mathematical 

formulas. The work is done with the help of MATLAB 

software, which accurately show the simulation results. 
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I. INTRODUCTION 

 
There are various types of adjustable speed generators used 

in wind turbines. The DFIG is a commonly used variable 

speed generator in wind turbine applications. The DFIG-

based wind turbine consists of a wound rotor induction 

generator with back-to-back voltage source converters 

linking the rotor to the grid side. The rotor-side converter is 

connected to rotor windings and is used to control the 

generator speed and reactive power, where the grid-side 

converter is used to control dc bus voltage and reactive 

power. The operation of DFIG depends on how the wind 

turbine is controlled. Thus, the role of power electronic 

converters and their control is becoming increasingly 

dominant. The advantages of cedefr3e3rZXXZXRQFDFIG 

reduced inverter cost while the speed range is ̈́ 33% approx. 

the synchronous speed, which improved system efficiency, 

and lower cost for power factor control. Generally there are 

two control methods for rotor-side converter: direct torque 

control (DTC) and direct power control (DPC). Direct torque 

control (DTC) of induction machine drives was developed in 

1980s. The DTC method controls the machine torque directly 

by selecting appropriate voltage vectors using the stator flux 

and torque. The stator flux is usually calculated by integrating 

the stator voltage. Based on the principles of DTC for 

electrical machine drives, direct power control (DPC) for 

three-phase PWM rectifiers has been proposed in DPC 

follows the same  of DTC, but it also looks at the effect of the 

stator and rotor fluxes upon the stator active and reactive 

power. It can be shown that stator active power is 

proportional to the rotor flux component perpendicular to the 

stator flux where the stator reactive power is proportional to 

the rotor flux component aligned with the stator flux. The 

operation principle of DPC is to control directly the stator 

active and reactive power by applying the proper voltage 

vector in the machine rotor. 

 The aim of this paper is to study the theory and 

control for the doubly-fed induction generator (DFIG) based 

wind turbine, and further establish its model. The work 

utilized the power system analysis software PSCAD / EMTD, 

which can quickly and accurately show the simulation results. 

Although MATLAB is a common software for simulation, 

the wind turbine simulation implemented by 

PSCAD/EMTDC is more quickly than MATLAB. 

Additionally, there are many wind models in PSCAD. To 

better understand the detailed characteristics of DFIG’s 

components, this work did not apply the built-in components 

of PSCAD. 

II. MATHEMATICAL MODEL OF DFIG 

Mathematical model of DFIG is introduced in this work. The 

stator voltage and flux can be represented as: 
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III. DIRECT TORQUE CONTROL (DTC) 

DTC technique achieves good transient and steady-state 

performances [14]. This technique provides better quality on 

reducing stator current distortion. Generally, DTC is superior 

to vector control field oriented control (Field Oriented 

Control, FOC [15]). This work compared the advantages and 

disadvantages between DTC and FOC and summarized the 

results in TABLE I. 

 
 The DTC is based on the direct control of two 

magnitudes of the electromagnetic torque and the rotor flux 

of the generator. The control block diagram of the DTC 

method is shown in Fig.1. By measuring the current on both 

generator stator side and the rotor side, the generator torque 

and flux vector at the rotor side can be calculated. As 

inputting the amplitude of torque and rotor flux vector into 

the electromagnetic torque comparator and flux hysteresis 

comparator, one can obtain the output values from these 

comparators. Using the error value and the position of rotor 

flux vector, one can obtain the voltage space vector. 

IV. DIRECT POWER CONTROL (DPC) 

Direct power control that doesn’t employ the Park’s 

transformation is based on the same control principles as the 

direct torque control technique. The stator active and reactive 

powers of the machine can be calculated from the following 

equations of DFIG model: 

 

 
 The direct control variables are the stator active and 

reactive powers. Based on the and references, the control 

method us utilized to calculate the duration time of pulses for 

the controlled semiconductors of the two-level voltage source 

converter. 

 
Fig. 2: The control block diagram of DPC 

V. VOLTAGE ORIENTED CONTROL (VOC) 
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Fig. 4. Block diagram of voltage Oriented Control 

VI. SIMULATION RESULTS 

A complete DFIG wind power generation system has been 

developed based on PSCAD/EMTDC in this study. Fig. 5 

shows the established DFIG model with mathematical 

formulas, which mainly includes wind turbine, generator, DC 

link, inverter, as well as estimation and control systems. To 

verify the performance of the established DFIG model shown 

in Fig. 5, several simulations were implemented in this work. 

It is highlighted that the established model is fully constructed 

by mathematical equations instead of the existing 

components in PSCAD software. Table II shows the 

parameters of the simulation system. In the back-to-back 

converters of the DFIG system, the grid-side converter is used 

to maintain the DC bus voltage. The DFIG wind turbine can 

transmit power to the network through both the generator 

stator and the converters. 

DFIG Paarameters 

Magnetizing inductance 0.0035 H 

Rotor inductance 0.003587 H 

Stator inductance 0.003587 H 

Rotor resistance 0.0031 ȍ 

Stator resistance 0.0027 ȍ 

Grid Parameters 

Voltage 720 V 

Frequency 50 Hz 

Capacitor 1.5 F 

DC voltage reference ( ୡ) 1100 V 

Inductance(L) 0.0005 H 

Resistance(R) 0.01 ȍ 

Table II: Parameters of the DFIG system and gridʳ 

 Figs. 6 and 7 show stator’s and rotor’s three -phase 

currents respectively. To analyze the dynamic process of 

DFIG from sub-synchronous to over-synchronous condition, 

one can refer to the simulation results of Fig. 7. This figure 

shows the rotor’s current waveform. It can be observed that 

the sub-synchronous status is transferred to over-synchronous 

status at 5s. Additionally, phase sequence is changed in 

accordance with theory, which verifies the usefulness of the 
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established DFIG model. Fig. 8 shows the voltage at the DC 

bus, which must be stable to help the control of the rotor-side 

converter. Fig. 9 shows the reference values for stator’s active 

power (changing from 1.2 MW to -1.2 MW at the time 5s) 

and reactive power (zero at all the time). Figs. 10 and 11 show 

the active and reactive power from stator and rotor 

respectively. As the DFIG system is interconnected into the 

grid, the total active and reactive power is shown in Fig.12. 

Because the current at the stator and rotor sides is stable and 

symmetry, the trajectory of the flux space vector at the stator 

and rotor sides is circular, which are shown in Figs. 13 and 

14. Therefore, the established DFIG model can work 

effectively. ʳ 

 
Fig. 5. Mathematical DFIG model 

 
Fig. 6. Stator current 

 
Fig. 7. Rotor current 

Main: Graphs   
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Fig. 8. Voltage at DC Bus 

 
Fig. 9. Reference values of stator active power and reactive powerʳ 

 
Fig. 10. Active and reactive power from stator 

 
Fig. 11. Active and reactive power from rotor 

     Main : Graphs      
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Fig. 10. Active and reactive power from stator 

Main: Graphs   
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Fig. 11. Active and reactive power from rotor 
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Fig. 12: Active and reactive powers of DFIG 

 
Fig. 13. Stator flux 

 
Fig 14 Rotor flux 

VII. CONCLUSIONS 

The work on the modelling and simulation of commercial 

wind turbines is significant, especially in a high penetration 

of wind power system. The doubly-fed induction generator 

plays an important role on modern wind turbine markets. This 

paper has studied the theory and control for the doubly-fed 

induction generator based wind turbine, and further 

established its model by using the power system analysis 

software PSCAD / EMTDC. This study has implemented the 

voltage-oriented control and virtual flux-oriented control for 

the grid-side converter, and direct torque control and direct 

power control for the rotor-side converter in DFIG. 

Additionally, this study also implemented coordinate 

transformations, dynamic model, wind turbine model, space 

vector modulation techniques, as well as phase-locked loop 

technology, and finally integrated everything into a complete 

wind power generation system. 
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