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Abstract: Different electric wind power conversion systems structures can be used based on the converters 

topologies. A Wind Energy Conversion System (WECS) differs from a conventional power system. The power 

output of a conventional power plant can be controlled whereas the power output of a WECS depends on the 

wind. This nature of WECS makes it difficult for analysis, design and management. Various approaches have 

been developed to study the behavior of WECS. 

In this paper, the steady state characteristics of a WECS using doubly fed induction generator (DFIG) 

is analysed using MATLAB. The dynamic steady-state simulation model of the DFIG is developed using 

MATLAB. Simulation analysis is performed to investigate a variety of DFIG characteristics, including torque-

speed, real and reactive-power over speed characteristics. Based on the analysis, the DFIG operating 

characteristics are studied. 

Keywords: Wind Energy Conversion System (WECS), Doubly Fed Induction Generator (DFIG), Simulation, 
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I. Introduction 
Renewable energy including solar, wind, tidal, small hydro geothermal, refused derived fuel and fuel 

cell energies is sustainable, reusable and environmentally friendly and clean. With the increasing shortage in 

fossil fuels, and pollution problems renewable energy has become an important energy source.  Among the other 

renewable energy sources wind energy has proven to be one of the most economical one.  Earlier constant speed 

WECS were proposed to generate constant frequency voltages from the variable wind.  However, Variable 

speed WECS operations can be considered advantageous, because additional energy can be collected as the 

wind speed increases.  Variable speed WECS must use a power electronic converter. They are classified as full 

power handling WECS and partial power handling WECS.  In full power handling WECS, the power converter 
is in series with the induction or synethronous generator, in order to transform the variable amplitude / 

frequency voltages into constant amplitude/ frequency voltages and the converter must handle the full power.  In 

a partial power handling WECS, the converter processes only a portion of the total generated power (eg slip 

power) which poses an advantage in terms of the reduced cost converter of the system and increased efficiency 

of the system. This paper is focused on partial power handling WECS using DFIG (1-1). A dynamic steady state 

simulation of WECS is essential to understand the behaviour of WECS [5-9).  This paper explores steady- state 

characteristics of a typical variable speed WECS that uses doubly fed induction generators using MATLAB. A 

Simulation analysis is performed and a variety of DFIG characteristics including torque speed and real and 

reactive power over speed characteristics are analysed.  

 

II.  Doubly Fed Induction Generator 
A doubly fed induction machine is basically a standard, wound rotor induction machine with its stator 

winding directly connected to the gird and its rotor windings connected to the gird and its rotor windings 

connected to the gird through a converter. The AC/DC/AC Converter is divided to two components the rotor 

side converter and the grid side converter. These converters are voltage sourced converters that use force 

commutated power electronic devices to synthesize an AC Voltage from a DC source. A capacitor connected on 

the DC side acts as the DC voltage source. A coupling inductor is used to connect the grid side converter to the 

grid. The three phase rotor winding is connected to the rotor side converter by slip rings and brushes and the 

three phase stator windings are directly connected to the grid.  The control system generates the pitch angle 

command and the voltage command signals V1 and Vge for the rotor and grid side converters respectively in 
order to control the power of the wind turbine, the DC voltage and the reactive power or the voltage at the gird 

terminals [13]. 
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III. Wind Energy Concersion System 
Figure 1 shows a WECS using DFIG.  A wind turbine catches the wind through its rotor blades and 

transfers it to the rotor hub.  The rotor hub is attached to a low speed shaft through a gear box. The high speed 

shaft drives an electric generator which converts the mechanical energy to electric energy and delivers it to the 
grid.  As the wind speed varies, the power captured, transmitted to the grid also varies. 

 

         Pwind =1/2  ρair A rotor p(ƛ ,β), V
3
w,  (1) 

              ƛ=R blade Wm/Vw                                 (2) 
 

Where pair is the air density in Kg/m3.  Rotor is the area covered by the rotor blades Cp is the performance 

coefficient of the turbine. Vw is the wind speed. The performance coefficient Cp is a function of the tip speed 

ratio, and the pitch angle of the rotor blades.  It is determined by aerodynamic laws and thus may change from 

one turbine to other. 

 
Fig. 1 .Wind Energy Conversion System The power output from a wind turbine  

 

IV. Power Flow In Dfig 
Figure 2 shows the Power flow in a DFIG Generally the absolute value of slip is much lower than 1 

and consequently the rotor electrical power output P4 is only a fraction of stator real power output Ps. Since the 

electromagnetic torque Tm is positive for power generation and since Ws is positive and constant for a constant 

frequency grid voltage, the sign of Pr is a function of the slip sign.  Pr is positive for negative slip (speed greater 

than synchronous speed) and it is negative for positive slip (speed lower than synchronous speed).  For super 

synchronous speed operation, Pr is transmitted to DC bus capacitor and tends to raise the DC voltage. For sub 

synchronous speed operation, Pr is taken out of the DC bus capacitor and tends to decrease the DC bus voltage. 

The grid side converter is used to generate or absorb the grid electrical power Page in order to keep the DC 
voltage constant.  In steady state for a lossless AC/DC/AC converter Pw is equal to Pr and the speed of the wind 

turbine is determined by the power Reabsorbed or generated by the rotor side converter.  By properly 

controlling the rotor side converter, the voltage measured at the grid terminals can be controlled by controlling 

the grid side converter DC bus voltage of the capacitor can be regulated. 

 
Fig. 2. Power flow in a DFIG 
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V. Dfig Steady State Model 
The induction machine can be represented by the transformer per phase equivalent circuit model where 

R1 and X1 represent rotor resistance and reactance referred to the stator side. The primary internal stator 

induced voltage Esi is coupled to the secondary rotor induced voltage Er by an ideal transformer with an 
effective turn ratio acff.  But the equivalent circuit of Fig. 3 differs from the transformer equivalent circuit 

primarily in the effects of varying rotor frequency on the rotor voltage Er.  In the case of doubly fed induction 

machines, however there is a voltage injected into the rotor windings so that the normal induction machine 

equivalent circuit of Fig. 3 needs to be modified by adding a rotor injected voltage as shown in Fig. 4 [16-20] 

From the equivalent circuit, for a doubly fed induction machine the real and reactive power of stator Psw, PsQ and 

rotor Prw, PrQ and the torque developed Tm can be derived as follows: 

 

 Psw = 3V1I1cos ( v1- 11)  (3) 

 PsQ = 3V1I1sin ( v1- 11)   (4) 

 Prw = 3V2I2cos ( v2- 12)   (5) 

 PrQ = 3V2I2sin ( v2- 12)   (6) 

 T = 3Esi Ircos ( Esi- 12)   (7) 
Where V1, Ii and V2, I2 are the effective (RMS) values of the stator and rotor voltage and current respectively. 

 

 
 

 
Fig. 3. Conventional induction machine equivalent circuit 

 

 
Fig. 4. Equivalent circuit of DFIG 

 

VI. Stator Power 
Stator power generation of a DFIM includes the active and reactive powers sent to the grid through 

DFIM station winding.  A conventional fixed- speed induction generator send sreal power to the grid when 

driven at speeds above the synchronous speed but also draws inductive reactive power from the grid for its 

magnetizing and leakage reactive power needs. For a DFIG with an injectived rotor voltage, this characteristic 

may be changed. The simulation study is   conducted by keeping the value of either Vq or Vd component 

constant while varying the other one.  Figure 8 shows real power taken from the power supply system by the 

DFIG as Vd increases from 0.4 pu to 0.4 pu while Vq is kept constant at 0.2 pu. Figure 9 shows the DFIG real 

power as Vq increases from 0 pu to 0.6 pu while Vd is kept constant at 0 pu . 
More simulation results show that DFIG torque speed charactersitics can be shifted or expanded by 

varying the amplitude of the rotor injected voltage when both Vq and Vd are positive.  However, the DFIG 

exhibits a different behaviour From the simulation results, it can be concluded: 

1) As either Vq or Vd component of the rotor injected voltage increases positively, the DFIG real power 

generation characteristics shifts more into sub- synchronous speed range. 
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2) As Vq or Vd increases positively, the generation pushover power of a DFIG rises too, showing increased 

DFIG stability and power generation capability and 

3) As Vd changes from negative to positive, DFIG real power changes gradually from flowing into (motoring) to 

flowing out of (generating) the induction machine.  

A traditional induction machine, takes inductive reactive power from the power supply system for its leakage 

and magnetizing reactive power needs under both generating and motoring modes.  But, this situation is 

different for a DFIG due to the injected rotor voltage. 
Figure 10 to 12 show the DFIG reactive power characteristics.  By analyzing the torque, real power and reactive 

power characteristics as well as many other simulation results, it is obtained that: 

1) Increase of Vq can result in the expansion of DFIG torque and real power characteristics for its generating 

mode, it also results  in more inductive reactive power needed by the DFIG, 

2) The increase of Vd not only shifts DFIG torque and real power characteristics to its generating mode but also 

reduce the DFIG inductive reactive power and even could change it to capacitive. 

3) The increase of Vd negatively shrinks the DFIG torque and real power characteristics for its generating mode 

and results in more inductive reactive power need. 

It can be concluded from the above analysis that proper coordination between both Vq and Vd components of the 

DFIG injected rotor voltage results in optimal operation of DFIG in terms of torque, real power and reactive 

power. 

 
        Fig. 5. Simulated DFIG Stator Real Power Characteristics (Vq = 0.2 pu) 

 

 
Fig. 6. Simulated DFIG Stator Real Power Characteristics 

                    (Vd = 0% pu) 

 

 
          Fig. 7. Simulated DFIG Reactive Power Characteristics (Vd = 0 pu) 
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           Fig. 8. Simulated DFIG Reactive Power Characteristics (Vq = 0.2 pu) 

 

 
         Fig. 9. Simulated DFIG Reactive Power Characteristics (Vq = 0.2 pu, Vd negative) 

 

VII. Rotor Power Charactertics 
   The rotor windings of a conventional fixed- speed wound rotor induction machine are normally shorted 

by the  slip rings so that there is no power output from the rotor of the induction machine.  The rotor power 

under both generator and motor modes are rotor copper loss.  For a DFIG, however, the rotor power means not 
only the rotor copper loss but also real and reactive power passing to the rotor, which is fed to the grid through 

the DFIG frequency converter. 

 Figures 13 to 15 show the simulated real power passing to the DFIG rotor, under the conditions of a) Vq = 0 pu 

and Vd = 0 to 0.4 pu, b) Vd = 0.2 pu and Vq = 0 to 0.4 pu, and c) Vq = 0.2 pu and Vd = 0 to 0.4 pu 

 From the figures, as well as the simulation analysis, it is found that: 

1) For both motoring and generating modes, the FDIG sends an additional real power through its rotor to the 

gird as shown in Fig. 13-15. 

2) The characteristics of power sent to the grid through DFIG rotor is mainly dependent on the amplitude of the 

injected rotor voltage as shown in Figs. 13-15. 

3) For high values of the injected rotor voltage, the real power delivered to the DFIG rotor is maximum at 

synchronous speed at which the DFIG rotor is equivalent to a short circuit. A power control of Vq and Vd is 
essential to prevent high currents flowing in the rotor and 

4) A comparison between DFIG stator and rotor real power shows that the rotor power is normally smaller than 

the stator power and the difference between the two really depends on the Vq and Vd values and the slip. 

 There is also reactive power passing to the DFIG rotor. Fig. 8 shows the simulated DFIG torque speed and Fig. 

9 shows the rotor reactive power speed characteristics under the condition of Vq = 0 pu and very small 

increment of Vd. With small increments in the rotor voltage, it can be seen from Fig. 13 how the DFIG torque 

characteristics change from normal induction machine to DFIM operating condition. The effect of injected rotor 

voltage on rotor reactive power is clear from Fig. 7 to fig. 9.  Basically, when there is no injected rotor voltage, 

there is no power passing through the rotor to the DFIG frequency converter. As the injected rotor voltage 

increases slightly, there is reactive power passing through the rotor to the DFIG frequency converts as shown by 

Fig. 9 from a detailed comparison study it is clear that rotor reactive power is capacitive when the DFIG 

operates in a generating mode under a sub- synchronous speed and is inductive otherwise. More simulation 
results, such as Fig. 10 demonstrate that with increased rotor injected voltage; the DFIG shifts more to sub- 

synchronous speed range for its generating mode and the reactive power passing to the DFIG frequency 

converter is more capacitive. This capacitive reactive power increases the capacitor voltage of the frequency 

converter.  
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        Fig. 10. Simulated DFIG Rotor Real Power Characteristics (Vq = 0 pu) 

 
        Fig. 11. Simulated DFIG Stator Real Power Characteristics (Vq = 0.2 pu) 

 
   Fig. 12. Simulated DFIG Rotor Real Power Characteristics (Vq = 0.2, Vd negative) 

 

 

               Fig. 13. Simulated DFIG Torque Over Speed (small Vd values) 
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       Fig. 14. Simulated DFIG Rotor Reactive Power over Speed (small Vd values) 

 
 

                  Fig. 15. Simulated DFIG Rotor Reactive Power    over Speed (Vq = 0.2 pu) 

 
           Fig. 16. Simulated DFIG Rotor Reactive Power Over speed (Vq = 0.4 pu) 

 

VIII. Conclusion 
 In this paper a simulation study on the operating characteristics of a doubly fed induction generator is 

performed using MATLAB. 

 From the simulation analysis it is clear that the FDIG characteristics are affected by its injected rotor 

voltage.  By varying the amplitude and phase angle of the rotor injected voltage, the DFIG torque speed 

characteristics are shifted from the over synchronous to sub- synchronous speed range to generate electricity and 

also increases the DFIG pushover torque, thereby improving the stability of operation.  

The simulated stator real power characteristics of the  DFIG show that with increase in the rotor injected voltage, 

the DFIG real power characteristics shifts more into the sub-synchronous speed range and the pushover power 
of the DFIG rises.  
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The increase of Vq results in the expansion of the DFIG torque and real power characteristics for its generating 

mode, but at the same time increase the inductive reactive power demand from the grid.  Whereas, the increase 

of Vd cannot only expand DFIG torque and real power characteristics for its generating mode but also reduces 

the DFIG inductive power demand and may even change it to capacitive. 

For both motoring and generating modes, the DFIG sends additional real power through its rotor to the 

grid.  Unlike the stator power, the characteristics of rotor power are mainly influenced by the rotor injected 

voltage.  A comparison of the stator and rotor real power shows that the rotor power is normally smaller than the 
stator power and the different between the two depends on the value of Vd and Vq and slip. 

It can also be seen that the DFIG rotor power is capacitive when the DFIG operates in the generating 

mode under a sub synchronous speed and is inductive otherwise. 
 

APPENDIX 
KVA 2000  Rated Voltage 690 V 

R1 (stator resistance)                 0.0043 pu   

X1 (stator reactance)                 0.0809 pu   

R2 (rotor resistance referred to stator side) 0.048 pu 

X2 (rotor reactance referred to stator side) 0.0871 pu 

Xm (magnetizing reactance)  3.459 pu 

Frequency 50 HZ 
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