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Abstract- In this paper the direct power control methods of doubly fed induction generator in wind turbine applications are 

studied. In the methods under study, the proper voltage space vector of the rotor side converter is selected using a switching 

table which is derived from flux position and the difference between the measured and reference stator active and reactive 

powers. Various simulations are performed in Matlab/Simulink software on a DFIG system in order to investigate the dynamic 

performance and robustness of the proposed control methods against machine internal parameters variations. 
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1. Introduction 

In recent years there has been a growing research on 

application of variable speed systems in wind turbine 

applications due to their higher efficiency compared to fixed 

speed systems and the possibility of capturing maximum 

power from the wind. Among various common variable 

speed wind turbine schemes the Doubly Fed Induction 

Generator (DFIG) is of great importance. As shown in Fig. 1, 

the stator is connected directly to the grid while the rotor is 

connected via a power electronics converter. This structure 

results in a lower rating of the converter, about 20-30% of 

the nominal power of the generator, which reduces the cost 

and size of the converter in turn. 
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DC AC

DC

Gearbox DFIG

 

Fig. 1. Structure of a DFIG connected to the grid. 

Several control methods have recently been proposed for 

DFIG, the control variables being stator active and reactive 

powers. In some researches torque [1-2] or speed [3] have 

been controlled instead of active power. Taking into account 

that the active power is related to the torque and the speed, 

the different control methods share the same objective. 

The traditional control method of  DFIG is the field 

oriented control (FOC) or flux vector control, where the 

stator active and reactive powers of DFIG are controlled 

using current controller blocks [4-5]. Although the flux 

vector control has several advantages to scalar control 

methods it has some demerits. The control system is complex 

and its implementation is difficult due to need of reference 

frame transformation and flux orientation. Moreover, exact 

values of internal parameters of the machine including 

inductances and resistances is required. The performance of 

the control system can therefore be affected with the change 

of internal parameters of the machine from their nominal 

values. 

With the advent of the Direct Torque Control (DTC) 

method for induction motors in 1986, this method has been 

applied to control of DFIG [6-7]. The DTC method has some 

important advantages to the FOC method such as simpler 

control structure, faster dynamic response and low 
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dependence on machine internal parameters. The torque and 

flux are controlled directly without current control blocks. 

The Direct Power Control (DPC) method has recently 

been proposed for control of DFIG based on a similar idea as 

the DTC method [8-9]. In this approach the active and 

reactive powers of stator are controlled directly which leads 

to a very fast dynamic response. A DPC method of DFIG has 

been proposed in [8] which does not need reference frame 

transformation and flux orientation making its 

implementation easier than the FOC method. This method 

needs rotor flux estimation. As the DFIG operates with a low 

rotor slip, rotor flux estimation is difficult making the 

precision of the control system dependant on internal 

parameters of the machine. Several years later, another DPC 

method of DFIG was proposed in [9] which does not need 

rotor flux estimation solving the problem in low slip speeds. 

This second method is based on stator flux estimation in the 

rotor reference frame. 

In this paper a comparison is made between DPC 

methods of DFIG in terms of dynamic performance and 

robustness to variation of internal machine parameters when 

the rotor speed and reference values of stator active and 

reactive powers change. This study can be used to compare 

different control methods in terms of dynamic performance 

and robustness. 

2. Dynamic model of DFIG in the rotor reference frame 

The stator and rotor voltage space vector equations are 

expressed in the rotor reference frame rotating with speed ωr 

as follows: 
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The stator and rotor flux space vectors are: 
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In Eq. (1) and Eq. (2) LRIV r ,,,,,   are the voltage, 

current, flux, angular speed, resistance and inductance, 

respectively. s and r stand for the stator and rotor reference 

frames. The space vectors of stator and rotor flux in 

stationary stator and rotating rotor reference frames are 

shown in Fig. 2. 

The stator current can be expressed as following using 

stator and rotor flux equations [9]: 
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where  is the leakage factor. 
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Fig. 2. The space vectors of stator and rotor flux 

different reference frames [9]. 

The input active power to the machine and output 

reactive power to the grid can be calculated directly using 

stator voltage and current space vectors as follows: 

r
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ss IVP 
2

3                                                              (4) 

r

s

r

ss IVQ 
2

3                                                          

(5) 

Where (.) and (×) represent dot product and vector 

product, respectively. 

Inserting Eq. (1) and Eq. (3) in Eq. (4) and Eq. (5), stator 

active and reactive powers are obtained as follows [9]: 
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Where is the angle between stator and rotor flux space 

vectors as shown in Fig. 2. 

3. Direct Power Control Methods of DFIG 

The stator active and reactive powers are directly 

controlled in the DPC method. It can be concluded from Eq. 

(6) and Eq. (7) that stator active and reactive powers can be 

varied by changing the amplitudes of stator and rotor flux 

space vectors and the angle between them. Assuming the 

stator voltage is maintained constant by the grid and the rotor 

speed does not change during the sampling interval, 

differentiation of Eq. (6) and Eq. (7) with respect to time 

leads to: 
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The stator active and reactive powers can then be varied 

by changing the components of rotor flux space vector 
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perpendicular and in the same direction of stator flux space 

vector, being  sinr

r
and  cosr

r
, respectively, which 

are depicted in Fig. 2. 

Neglecting the resistive drop on the rotor resistance 

yields: 
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This shows that the rotor flux space vector can be 

manipulated by varying the rotor voltage space vector. The 

stator and rotor fluxes are calculated in each sampling 

interval using the following equations: 
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Assuming a two-level Voltage Source Converter (VSC) 

is feeding the rotor of DFIG, rotor voltage space vectors 

divide the space to 6 regions as shown in Fig. 3. These 

vectors are categorized to nonzero (V1-V6) and zero (V0 and 

V7) groups. 
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Fig. 3. Rotor voltage space vectors. 

The effect of each rotor voltage space vector on rotor 

flux and thus Ps and Qs can then be determined in all the six 

regions by determining the position of flux space vector in 

the rotor reference frame. In each region, four out of the total 

six nonzero rotor voltage space vectors either increase or 

decrease the stator active and reactive powers, while the 

remaining two vectors increase the active power in half of 

the plane and decrease it in the other half and either increase 

or decrease the reactive power (or vice versa). 

The DPC control methods can be divided to two groups 

whether the rotor or stator flux is estimated. 

3.1. Rotor Flux Estimation Based DPC Method 

In the rotor flux estimation based DPC method the 

proper rotor voltage space vector is selected using a 

switching table based on the rotor flux position in the rotor 

reference frame and the difference between measured and 

reference stator active and reactive powers. The structure of 

the rotor flux estimation based DPC method is presented in 

Fig. 4. Two 2-level hysteresis comparators are used as in Fig. 

5 to compare the measured values of stator active and 

reactive powers with their reference values. 
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Fig. 4. The structure of the rotor flux estimation based DPC 

method. 
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Fig. 5. Switching pattern of the two 2-level active-reactive 

power hysteresis comparators. 

The increasing or decreasing effect of four of the rotor 

voltage space vectors on Ps and Qs for different positions of 

rotor flux space vector is shown in Table 1. Symbol K refers 

to the region where the rotor flux space vector is located. 

Table 1. Increasing or Decreasing Effect of the Four 

Nonzero Rotor Voltage Space Vectors on Stator Active and 

Reactive Powers 

↓ ↑ 
            PS 

    QS        

VK+1 VK-1 ↑ 

VK+2 VK-2 ↓ 

 

The switching table for rotor flux estimation based DPC 

method can be extracted as in Table 2 using the rotor flux 

position in the rotor reference frame and output signals of the 

hysteresis comparators together with Table 1. After selection 

of the proper rotor voltage space vector using the switching 

table, the associated command pulses with the selected 

vector are sent to switch the RSC. 
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Table 2. Switching Table for Rotor Flux Estimation Based 

DPC 

6 5 4 3 2 1 Sector 

V5 V4 V3 V2 V1 V6 SQ=1 
SP=1 

V4 V3 V2 V1 V6 V5 SQ=-1 

V1 V6 V5 V4 V3 V2 SQ=1 
SP=-1 

V2 V1 V6 V5 V4 V3 SQ=-1 

 

3.2. Stator Flux Estimation Based DPC Method 

In the stator flux estimation based DPC method, the 

proper rotor voltage space vector is selected based on the 

optimal switching table extracted from stator flux position in 

the rotor reference frame and the difference between 

measured and reference stator active and reactive powers. 

The structure of the control system is shown in Fig. 6. Two 

3-level hysteresis comparators as in Fig. 7 are incorporated in 

order to compare the measured stator active and reactive 

powers with their respective reference values. 

DFIG

Grid

Switching Table

Hysteresis Control

Stator Flux 

Position

Calculation
ss QP ,

Stator Flux 

Estimation

sV
sI

AC

DC

DC

AC

ss QP ,QP SS ,

Sector
tj re



r

 

Fig. 6. The structure of the stator flux estimation based DPC 

method. 
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Fig. 7. Switching pattern of the two 3-level active-reactive 

power hysteresis comparators [9]. 

The effect of all six nonzero rotor voltage space vectors 

on stator active and reactive powers based on the position of 

stator flux space vector is presented in Table 3 for all the six 

sectors. 

Table 3. Increasing or Decreasing Effect of All the Six Rotor 

Voltage Space Vectors on Stator Active and Reactive Powers 

6 5 4 3 2 1 Sector 

↓ ↓ ↓↑ ↑ ↑ ↑↓ PS 

V1 
↑ ↓ ↓ ↓ ↑ ↑ QS 

↓ ↓↑ ↑ ↑ ↑↓ ↓ PS 

V2 
↓ ↓ ↓ ↑ ↑ ↑ QS 

↓↑ ↑ ↑ ↑↓ ↓ ↓ PS 

V3 
↓ ↓ ↑ ↓ ↑ ↓ QS 

↑ ↑ ↑↓ ↑ ↓ ↓↑ PS 

V4 
↓ ↑ ↑ ↑ ↓ ↓ QS 

↑ ↑↓ ↓ ↓ ↓↑ ↑ PS 

V5 
↑ ↑ ↑ ↓ ↓ ↓ QS 

↑↓ ↓ ↓ ↓↑ ↑ ↑ PS 

V6 
↑ ↑ ↓ ↓ ↓ ↑ QS 

 

Taking into account the fact that the zero rotor voltage 

space vectors (V0 and V7) have no effect on the rotor flux, 

Eq. (8) and Eq. (9) can be rewritten as follows [9]: 
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The angle between stator and rotor flux space vectors (

 ) is positive in the generating mode. Therefore, application 

of zero rotor voltage space vectors in all the six sectors 

increases stator active and reactive powers in sub-

synchronous speeds and reduces stator active and reactive 

powers in super-synchronous speeds. 

Knowing the position of stator flux in the rotor reference 

frame and the outputs of hysteresis comparators together 

with Table 3 and taking into account the effect of zero rotor 

voltage space vectors on Ps and Qs, the optimal switching 

table for stator flux estimation based DPC method is 

extracted as in Table 4. Similar to the previous DPC method 

the associated command pulses with the selected vector are 

sent to switch the RSC. 
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Table 4. Optimal Switching Table for Stator Flux Based 

DPC Method 

6 5 4 3 2 1 Sector 

V5 V4 V3 V2 V1 V6 SQ=1 

SP=1 V4 V3 V2 V1 V6 V5 SQ=0 

V4 V3 V2 V1 V6 V5 SQ=-1 

V6 V5 V4 V3 V2 V1 SQ=1 

SP=0 V7 V0 V7 V0 V7 V0 SQ=0 

V3 V2 V1 V6 V5 V4 SQ=-1 

V1 V6 V5 V4 V3 V2 SQ=1 

SP=-1 V2 V1 V6 V5 V4 V3 SQ=0 

V2 V1 V6 V5 V4 V3 SQ=-1 

 

4. Simulation Results 

Various simulations have been performed using 

Matlab/Simulink software in order to study and compare the 

aforementioned DPC methods. The parameters of the 

simulated DFIG are presented in Table 5. The grid frequency 

is 50 HZ while the sampling frequency is 20 KHZ. The DC 

link voltage is set at 250 V while the rated stator voltage is 

380 V. The RSC is not connected to the rotor in the first 0.2 

seconds in order that the DC link voltage builds up to the 

desired value. 

The rotor speed varies linearly in the interval 0.6 to 0.8 

seconds from -20% of synchronous speed (126 rad/sec) to 

20% of synchronous speed (188 rad/sec). The reference 

active power is changed as a step function at t=0.4 sec from -

70 W to the nominal power being -270 W and then at t=1 sec 

from -270 W to -70 W. The reference value of reactive 

power has been kept constant at zero. 

Table 5. Parameters of the Simulated DFIG 

Pn pp Lm Lr
 

Rr Ls Rs Parameter 

270 

W 

2 0.148 

H 

0.0536 

H 

0.67 

Ω 

0.684 

H 

8.55 

Ω 

Value 

 

The study firstly investigates the dynamic performance 

of the control methods and then their robustness against 

internal machine parameters. 

4.1. Dynamic performance 

The control system performances during rotor speed and 

reference stator active and reactive power variations have 

been demonstrated in Fig. 8. It is visible from the simulation 

results that the stator active and reactive powers have tracked 

their reference values after a step change in the references 

well in a few milliseconds in both the DPC methods. 

Changes in the rotor speed don’t affect the control system 

performance in either of the two methods. It can therefore be 

concluded that the dynamic performance of both of the DPC 

methods is proper and fast enough. It can also be observed 

from comparison of the waveforms of the two methods that 

stator active and reactive power ripples have been greatly 

reduced by application of stator flux estimation based DPC 

in comparison with rotor flux estimation  based DPC. This 

decrease in ripple is due to the increase in the number of 

nonzero rotor voltage space vectors in the switching table of 

stator flux estimation based DPC. 

Harmonic spectrum of the stator current for the two DPC 

methods has been shown in Fig. 9. It is visible that the 

harmonic content of stator current has decreased greatly in 

the stator flux estimation based DPC in comparison with 

rotor flux estimation based DPC. Quantitative results of the 

simulations have been presented in Table 6 in order to have a 

better comparison of DPC methods. 

Table 6. Quantitative Performance Comparison 

stator flux 

estimation based 

DPC 

rotor flux 

estimation based 

DPC 

                     method 

      feauture                        

5 ms 5 ms 

Transitory Response 

(negative and positive 

references step: PS) 

± 5 W ± 10 W active power ripple 

± 5 Var ± 30 Var reactive power ripple 

0.79 % 2.56 % 

stator current Total 

Harmonic Distortion 

(THD) 
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(A)                                                                                 (B) 

 

Fig. 8. Simulated results under various rotor speed and reference stator active and reactive powers (A) rotor flux 

estimation based DPC (B) stator flux estimation based DPC: (a) stator active power (W) and reactive power 

(Var), (b) stator current (A), (c) rotor current (A) and (d) rotor speed (rad/sec). 

 
 

Fig. 9. stator current harmonic spectrum: (a) rotor flux estimation based DPC and (b) stator flux estimation based DPC. 
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4.2. Robustness against internal machine parameters 

The only internal machine parameter value needed in 

rotor flux estimation and stator flux estimation based DPC is 

rotor and stator resistance respectively. In order to 

investigate the robustness of the two methods, the values of 

the corresponding resistances have been changed by 20% 

above their nominal values. Variation of the other machine 

parameters doesn’t affect the control system performance 

and their values are not needed. 

 

 
Fig. 10. Simulated results under various rotor speed and 

reference stator active and reactive powers and with internal 

machine parameters variation (a) rotor flux estimation based 

DPC (b) stator flux estimation based DPC. 

Control system response to the change of internal 

machine parameters during rotor speed and reference stator 

active and reactive powers variation for the two DPC 

methods is presented in Fig. 10. It is observed from Fig. 10a 

that stator active and reactive powers mostly keep well in 

their hysteresis band in the rotor flux estimation based DPC 

method instead of the great change of rotor resistance from 

its nominal value; however, the active power has largely 

gone out of the hysteresis band in some instants. As is shown 

in Fig. 10b the stator active and reactive powers are always 

well inside the hysteresis band instead of the change in stator 

resistance from its nominal value. It can thus be concluded 

that the stator flux estimation based DPC is more robust 

against internal machine parameters in comparison with rotor 

flux estimation based DPC. 

5. Conclusion 

In this paper the DPC methods of DFIG in wind turbine 

applications were theoretically studied and simulated. It can 

be concluded from simulation results that the dynamic 

performance of the DPC methods is precise and very fast. Of 

course, stator active and reactive power ripples and harmonic 

content of stator current are highly lower in stator flux 

estimation based DPC in comparison with rotor flux 

estimation based DPC. Moreover, the stator flux estimation 

based DPC is more robust against internal machine 

parameters variations than the rotor flux estimation based 

DPC for low slip speeds. It is also observed in all the 

simulations that the control system always keeps stable 

during rotor speed and reference stator active and reactive 

power variations. 
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