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ABSTRACT: Wind (perhaps non-conventional)power is gaining importance these days as the conventional sources are 
decaying day by day. This paper presents active & reactive power control for induction generator using DPC/DTC 
technique. Reactive power is controlled so as to maintain the power factor optimal even with load & wind velocity 
variations. DFIG and its powers are controlled from rotor side using rotor side and grid side converters. Simulation is 
carried out using MATLAB and results are presented. The simulation design is carries out on 7.5 KW generator and its 
effectiveness is verified above and below synchronous speeds. 
 
KEYWORDS: DFIG (doubly fed Induction generator), DPC(Direct Power Control), DTC(Direct Torque Control), 
RSC(Rotor Side Converter), GSC(Grid Side Converter). 
 

A. NOMENCLATURE 
vୱ, v୰		 Stator and rotor voltages 
iୱ, i୰ Stator and rotor currents 
ψୱ,ψ୰ Stator and rotor flux linkages 
L୫, X୫ Machine magnetizing inductance, Reactance 
Lୱ, L୰ Stator and rotor per phase winding inductances 
L୪ୱ, L୪୰ Stator and rotor per phase leakage inductances 
Rୱ, R୰ Stator and rotor per phase winding resistances 
σ  Leakage factor 
Sୱ, S୰ Stator and rotor apparent power 
Pୱ, P୰ Stator and rotor active power 
Qୱ, Q୰	 Stator and rotor reactive power 
P୬,ܳ௡ Wind Turbine net active & reactive powers 
fୱ Grid frequency 
Pୱ୰ୣ୤  Stator side active power reference value  
Qୱ୰ୣ୤ Stator side reactive power reference value 
iୱୈ , iୱ୕  Direct & quadrature- axis stator currentcomponents respectively, in stationary reference frame 

vୱୈ, vୱ୕  Direct & quadrature- axis stator voltage components, respectively, in stationary reference frame 
ωୱ୪  Angular slip frequency 
v୰ୈ, v୰୕  Direct- and quadrature- axis rotor voltage components, respectively, in stationary reference frame 

vୟୱ  Stator voltage at Phase A 
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vୠୱ Stator voltage at Phase B 
vୡୱ Stator voltage at Phase C 

 

B. SUFFICES, SUPERSCRIPTS 
s, rStator, rotor 
d, q d-q reference frame 
a,b,cThree-phase reference 

P Q          Active and Reactive powers 
I D           Increase and Decrease  

 
 

I.INTRODUCTION 
 

Wind energy power generation is paying great interest in the recent years. This power is prominent in some costal and hilly 
areas. DFIG is best suit for wind power applications for variable speeds and it will generate power below & above 
synchronous speeds in all four quadrant of operation. Rotor side control requires only 20 – 30 % rating of the DFIG. 
Conventional decoupling control of current and flux (vector control or field oriented control) is very complex [8] and 
parameter variation results in instability problems. Clear design and control is available in [4]. Moreover this control should 
be done in synchronous reference frame and it requires transformation to stationary reference frame while handling 
voltages and currents. 
 
 

 
Figure 1 Schematic of DFIG 

 
II. LITERATURE SURVEY 

 
DTC is exciting from past several years for the control of induction motor. The same technique was extended to DFIG[5] 
and is called as DPC. In case of DTC torque and flux are control of interest, where as in DPC active & reactive powers are 
control of interest. Both DTC and DPC are same as torque variation result in power and flux variation result in reactive 
power variation. DTC is usually applied from stator side and DPC is usually applied from rotor side. The rotor is quantities 
are controlled using SVPWM inverter[1] which is known as RSC. DPC can be carried out on DFIG with fixed [2] or 
variable frequency [1]. There are many techniques to control the active & reactive power without DPC, one such example is 
vector control [9] [4][5]. DPC is does not require eliminates reference frame conversions of quantities for its control [6]. 
Space vector modulation is usually preferred for DPC to control the rotor field [1] [6]. It give sensor less operation with 
SVPM techniques. DPC can be obtained by properly selecting the voltage sectors in the converter. Only drawback this 
technique is that it may result in mal operation at low speeds because at low speeds zero voltage sectors are selected 
repeatedly. Also at low speeds, resistance drop is considerable and it is required to boost the applied voltage. Optimal 
switching table is developed based on active and reactive power errors. This paper proposes the modeling [7] and control 
[6] [7] of DPC on DFIG using MATLAB simulation. The control is based on by measuring the active power and power 
factor. At the end results are presented on 7.5 KW induction generator.  
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III.DYNAMIC MODEL OF DFIG 
 

When the machine is rotating, the flux linkage and hence the mutual inductance change with respect to rotor position. 
Hence three phase stator and rotor windings are replaced with factitious two phase windings rotating at synchronous speed. 
The transformation matrix is used to convert three phase to two phase system [10]. This makes the mutual inductance 
invariant with rotor position and there will not be any displacement between stator and rotor windings in d and q axis. After 
converting the three phase voltages to two phase quantities, the dynamic simulation is developed from the following 
equations. 

 

௦஽ݒ = 	ܴ௦݅௦஽ −߱௦߰௦ொ +
݀Ψ௦஽

ݐ݀  
 

௦ொݒ = 	ܴ௦݅௦ொ −߱௦߰௦஽ +
݀Ψ௦ொ
ݐ݀  

 

௥஽ݒ = 	ܴ௥݅௥஽ −߱௥߰௥ொ +
݀Ψ௥஽

ݐ݀
 

௥ொݒ = 	ܴ௥݅௥ொ + ߱௥߰௥஽ +
݀Ψ௥ொ
ݐ݀



 ௘ܶ = 	 ଷ
ଶ
௠൫݅௦ொ݅௥஽ܮܲ − ݅௦஽݅௥ொ൯.

߰௦஽ = 	 ௦݅௦஽ܮ + ௠݅௥஽ܮ

߰௤௦
= 	 ௦݅ௗ௦ܮ
+ ௠݅௤௥ܮ

߰௤௦ = 	 ௦݅ௗ௦ܮ + ௠݅௤௥ܮ

߰ௗ௥ = 	 ௠݅ௗ௦ܮ + ௥݅ௗ௥ܮ

߰௤௥ = 	 ௠݅௤௦ܮ + ௥݅௤௥ܮ

௦ܮ = ௟௦ܮ + ௠ܮ

௥ܮ = ௟௥ܮ + ௠ܮ
 

IV.WIND TURBINE MODEL 
 

There are several methods of modeling the wind turbine. The mechanical power captured (Pmech)by a wind turbine, 
depends on its power coefficient Cp, given for a wind velocity and can be represented by 

௠ܲ௘௖௛ = ଵ
ଶ
 ଷ. (1)ݒଶܴߨߩ௣ܥ

Where ߩ and ܴ correspond to the air density and the radius of the turbine propeller, respectively. The power coefficient 
can be described as the portion of mechanical power extracted from the total power available from the wind, and it is 
unique for each turbine. This power coefficient Cp is generally defined as a function of the tip-speed-ratio which, in turn, is 
given by ߣ 

ߣ . = ఠோ
௩
(2) 

Where ω represents the rotational speed of the wind turbine. Figure3. Shows a typical relationship between the power 
coefficient Cp and the tip-speed-ratio. It should be noted that there is a value of ߣ to ensure a maximum of Cp . Thus, it can 
be stated that, for a specified wind velocity, there is a turbine rotational speed value that allows capturing the maximum 
mechanical power attainable from the wind, and this is, precisely, the turbine speed to be followed. 
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Figure 2. Typical Power Coefficient versus Tip-Speed-Ratio Curve. 

 
The method followed in this paper in order to reach the optimum tip-speed-ratio at each wind velocity consists in, based 

on the generator rotor speed, estimating and, therefore, trying to achieve the optimum active power to be generated by 
means of DPC.Specifically, assuming that the optimum power coefficient  Cp and, as a result, the optimum  ߣtip-speed-ratio 
values for the particular wind turbine employed are properly identified, the stator side active power reference Ps ref  value 
which is made equal to ௠ܲ௘௖௛   is established starting from the turbine  ω angular speed through equations  (1) and (2).
 

V.CONTROL OF ACTIVE & REACTIVE POWER 
 

Neglecting the effect of stator resistance, stator and rotor leakage reactance, the active and reactive powers are calculated 
using the following equations. 
 

 ௦ܲ ≈
ଷ
ଶ

௦ሬሬሬ⃗ݒ) )݅௦௬ = − ଷ
ଶ

௦ሬሬሬ⃗ݒ) ) ௅೘
௅ೞ
݅௥௬  

ܳ௦ ≈
ଷ
ଶ

௦ሬሬሬ⃗ݒ) )݅௦ఈ = − ଷ
ଶ

௦ሬሬሬ⃗ݒ) ) ௅೘
௅ೞ

(|ଓ௠௦ሬሬሬሬሬሬ⃗ −݅௥௫|)

≈ ଷ
ଶ

௦ሬሬሬ⃗ݒ) ) ௅೘
௅ೞ
ቀ |௩ೞሬሬሬሬ⃗ |
ଶగ௙ೞ௅೘

− ݅௥௫ቁ


Two – level converter shown in figure 3, the output voltage in each phase is given by either +Vd or 0. There are eight 
voltage vectors from binary 000 (V0) to 111 (V7), the binary digit indicates the switch position. “1” indicates the switch is 
connected to positive and “0” indicates for negative polarity in the circuit shown in figure. The three digits are for phase a, 
b and c. Depending on flux space vector, it is possible to control both active and reactive power. 



 
Figure 3. Two Level converter(RSC). Figure 4. Voltage vectors of the converter and sector identification. 

 
To control the active and reactive power, individual three level hysteresis comparators are used to select the voltage states 
in the inverter. 
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Figure 5 Active & Reactive power control using hysteresis control.  
 

VI. OPTIMAL SWITCHING TABLE 
 

Optimal switching table is developed [5]from the concept of DTC and is used for selecting the switching states. For 
different possibilities of actual and reference values, the optimal switching table is developed using the following diagram 
of voltage vectors in the first sector. The same logic is extended for all the sectors, by properly identifying the required 
voltage vector. For example, if present voltage vector is in sector 1, from the hysteresis control, if reactive power(Q) should 
be decreased and active power(P) should be increased means, it can be implemented using voltage vector V3. This was 
shown in figure 6. 
 
Two – level converter shown in figure 3, the output voltage in each phase is given by either +Vd or 0. There are eight 
voltage vectors from binary 000 (V0) to 111 (V7), the binary digit indicates the switch position. “1” indicates the switch is 
connected to positive and “0” indicates for negative polarity in the circuit shown in figure. The three digits are for phase a, 
b and c. depending on flux space vector it is possible to control both active and reactive power 
 

  I II III IV V VI 

Sp
=1 

Sq=1 101 100 110 010 011 001 
Sq=0 001 101 100 110 010 011 
Sq=-1 001 101 100 110 010 011 

Sp
=0 

Sq=1 100 110 010 011 001 101 
Sq=0 ZV ZV ZV ZV ZV ZV 
Sq=-1 011 001 101 100 110 010 

Sp
= 
-1 

Sq=1 110 010 011 001 101 100 
Sq=0 010 011 001 101 100 110 
Sq=-1 010 011 001 101 100 110 

ZV: Zero voltage state implemented by 111 or 000  
Table 1 Optimal switching table. 

Figure 6. Voltage vector identification based on DTC 
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Figure 7. Schematic Diagram of Proposed system 

 
VII SIMULATION RESULTS 

 
After simulation using MATLAB, the model is verified, tested and results analyzed for step variation in wind velocity, 
active and reactive power. The results are found to be satisfactory and model is working as per the analysis.  

 

 
Figure 8 Variation of active power for with respect to reference           Figure 9 Variation of reactive power with respect to reference 

 
Wind velocity is uncertain and it mainly affects the performance. Simulation is carried out with step change in wind 
velocity. Here in this paper results are presented when wind velocity is changed from 15 m/sec to 12 m/sec at t=0.8 Sec.  
Fig 10 shows stator voltage, as it is connected to the existing grid, there is no change in voltage profile. Whereas current 
subjected to change in the transient and returns back to original value as the active and reactive power references are 
remains same.  
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         Figure 10 Stator voltage                    Figure 11 Stator current 
 

As the wind velocity is decreased from 15 m/sec to 12 m/sec, the power available in the wind decreases, momentarily the 
power injected from the rotor side increases as shown in figure 12. The command wind velocity is show in figure 13. 

 

 
Figure 12 Rotor current and voltage     Figure 13 Wind velocity 
 

Response of active and reactive powers are shown in figure 14 and 15 respectively. It is found that response is within 
acceptable range but still it is subjected to little fluctuations in the steady state. These can be tightened by increasing the DC 
link capacitance and decreasing the step size in simulation. 
 

 
Figure 14 Active power      Figure 15 Reactive power 
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VIII. CONCLUSION 
 

This paper presents modeling and simulation of DFIG. Active and reactive powers are controlled using DPC. SVPWM 
technique is used to control RSC. Simulation is carried out using MATLAB/Simulink software and the results are verified. 
The results are satisfied for active and reactive power control.  
 
APPENDIX A: INDUCITON MACHINIE DATA 
 

Wound Rotor Induction Machine Parameters:- 
Nominal Power           Pn = 7.5 Kw 
Stator Voltage             Vs  = 415 V 
Stator Frequency         fs= 50 Hz 
Stator Resistance     Rs = 7.83 Ω 
Stator Inductance         Ls = 0.4751 H 

Rotor Resistance        Rr = 7.55 Ω 
Rotor Inductance     Lr = 0.4751 H 
Mutual Inductance       Lm = 0.4535 H 
Inertia Constant          J = 0.06 Kg-m2 
Number of Pair of Poles P =2 
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