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Abstract: The Doubly-Fed induction generator (DFIG) wind 

turbine is a variable speed wind turbine generally utilized in the 

modern wind control industry. At present, commercial DFIG wind 

turbines essentially make utilization of the innovation that was 

produced 10 years back. In any case, it is found in the paper that 

there is confinements regular control technique. The DTC is taken 

after for the direct power control (DPC) of electrical drives. The 

direct power control is accomplished by choosing exchanging 

appropriate exchanging table which is made by looking at the 

reference and assessed estimations of active and reactive power. 

The converter terminal voltage is evaluated in light of the dc 

interface voltage and the exchanging conditions of the converter. 

The angular position of voltage vectors or position of virtual 

motion are utilized to control the genuine and responsive power. 

The dynamic and responsive power is controlled by rotor voltage, 

which experiences consecutive voltage source converter and DC-

connect voltage is additionally looked after stable. The ordinary 

control approach is contrasted and the proposed control strategies 

for DFIG wind turbine control under both consistent and breezy 

breeze conditions. A MATLAB based reproduction framework 

was work to approve the viability of the proposed strategy. The 

proposed strategy waveforms of genuine power, receptive power, 

DC interface voltage and generator speed are contrasted and 

traditional technique. This paper demonstrates that under the 

DPC control methods, a DFIG framework have a prevalent 

execution in different angles. 

 

Keywords: DC-link voltage control, direct-current vector 

control, doubly-fed induction generator (DFIG) wind turbine, 

DPC (Direct power control) 

1. Introduction 

At the present world, Wind energy is the most important and 

promising renewable energy resources in the world.  

 
Fig. 1.  Schematic diagram of a DFIG-based wind generation system 

 

Most of the wind farms were equipped with fixed speed 

turbines and induction generators. The power efficiency of such 

fixed speed devices is fairly low for most wind To improve their 

efficiency, many modern wind generators adopt a variable 

speed operation in the following ways: direct ac to ac frequency 

converters, such as the cycloconverter or by using back to back 

power converters employing generators provided that a static 

frequency [1], converter is used to interface the machine to the 

grid [2].An alternative approach of using a wound-rotor 

induction generator fed with variable frequency rotor voltage is 

receiving increasing attention for wind generation purposes. 

With changing wind speed, one can adjust the frequency of the 

injected rotor voltage of the DFIG to obtain a constant-

frequency at the stator [3]. There are several reasons for using 

DFIG in WECS as following ways: converters about 25-30% of 

the generator rating increasingly popular, four quadrant active 

and reactive power capabilities, converter cost and power loss 

are reduced compared wind turbines using fixed speed 

generators, increase wind turbine energy capture capability, 

reduce stress of the mechanical structure and make the active 

and reactive power controllable better integration. Reduced 

power loss compared to wind turbines using fixed speed 

induction generators or fully-fed synchronous generators with 

full-sized converters.   

 

 
Fig. 2.  Configuration of DFIG system with active and reactive power control 

 

Then, based on the proposed control structure, the integrated 

control DFIG system control was developed. Including real 

power, reactive power and DC-link voltage. In the sections that 

follow, the paper first introduces the general configuration of a 

DFIG system and over all control structure in section II. Then, 
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section III presents the active and reactive control of DFIG in 

WECS. Conventional and direct current vector control of GCS 

is presented in section IV. In section V presents the real and 

reactive power control of RSC. Then, the fuzzy logic controller 

presented in section VI. Simulation studies are conducted in 

section VII to compare the performance of DFIG wind turbine 

using the direct vector and traditional vector control 

configuration for steady and variable wind conditions. Finally, 

this paper concluded with the summary of main points.     

2. DFIG mechanical system and power flow operation 

A. DFIG mechanical system 

A DFIG wind turbine primarily consists of three parts: a wind 

turbine drive train, an induction generator and power electronic 

converter (Fig. 2) [2], [4]. In the wind turbine drive train, the 

blades of the rotor turbine catch wind energy that is then 

transferred to the induction generator via gearbox. The 

induction generator is a standard wound rotor induction 

machine with its stator windings directly connected to the grid 

and its rotor winding connected to the grid through a voltage 

source converter. The voltage source converter is built by two 

self- commutated voltage source converters, the RSC and the 

GSC with intermediate dc voltage link.  

B. Power flow in DFIG 

The DFIG can be operated in two modes of operation 

namely; sub-synchronous and super-synchronous mode 

depending on the rotor speed below and above the synchronous 

speed. Figure.2 shows the basic scheme adopted in the majority 

of systems. The stator winding is directly connected to the AC 

mains, whilst the rotor winding is fed from the Power 

Electronics Converter via slip rings to allow DIFG to operate at 

different speeds in response to changing the wind speed. 

Indeed, the basic concept is to interpose a frequency converter 

between the variable frequency induction generator and fixed 

frequency grid. The DC capacitor linking [5] stator- side and 

rotor-side converters allows the storage of power from 

induction generator for further power generation. To achieve 

full control of grid current and DC-link voltage. 

 
Fig. 3.  Power flow in DFIG wind energy conversion system 

The slip power can flow in both directions grid to rotor as 

well as rotor to grid in, i.e. to the rotor from the supply and from 

supply to the rotor and hence the speed of the machine can be 

controlled from either rotor-side or stator-side converter in both 

above and below-synchronous speed ranges. The wound rotor 

induction machine can be controlled as a generator at or a motor 

in both super and sub-synchronous operating modes. [6] The 

sub synchronous speed in the motoring mode and super 

synchronous speed in the generating mode, RSC operates as a 

rectifier and GSC as an inverter at that time the slip power is 

returned to the stator. RSC operates as an inverter and GSC as 

a rectifier at that time where slip power is supplied to the rotor 

winding. At the synchronous speed, slip power is taken from 

supply to excite the rotor windings and in this case machine 

behaves as a synchronous machine. 

3. Active and reactive power control of DFIG 

 The per phase equivalent for a DFIG is shown in the figure 

4. Variables with the ‘notation denote rotor quantities as seen 

from stator side. By neglecting the effects of Rs, jXls and jXlr 

the per phase stator power Ss and rotor power Sr Can be 

expressed as, 

 
Fig. 4. Per Phase Equivalent Circuit of a DFIG 

 

           SS = PS+jQS=VS I*S-------------------------(1) 

 

           Sr = Pr+jQr=Vr I*r --------------------------(2) 

 

The active and reactive powers are found by using the 

Equations as below.  
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4. Dynamic behavior of DFIG in the rotor reference frame 

The equivalent circuit of the DFIG in the rotor reference 

frame rotating at the rotor speed is shown in Figure 2. The rotor 

reference frame is represented as αr and βr.  
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Fig. 5.  Equivalent circuit of DFIG in rotor reference frame (αr - βr) 

 

The rotor flux linkage vectors can be expressed as  

𝜓𝑠
𝑟 = 𝐿𝑠𝐼𝑠

𝑟 + 𝐿𝑚𝐼𝑟
𝑟 

        𝜓𝑟
𝑟 =  𝐿𝑚𝐼𝑟

𝑟 + 𝐿𝑚𝐼𝑠
𝑟 − − − − − − − − (5) 

 

According to the rotor flux linkages the stator current can be 

calculated as  

𝐼𝑠
𝑟 =

𝐿𝑟𝜓𝑠
𝑟 − 𝐿𝑚𝜓𝑟

𝑟

𝐿𝑠𝐿𝑟 − 𝐿𝑚
2

=
𝜓𝑠

𝑟

𝜎𝐿𝑠
− 

𝐿𝑚𝜓𝑟
𝑟

𝜎𝐿𝑠𝐿𝑟
− − − −(6) 

where  𝜎 =  
(𝐿𝑠𝐿𝑟 − 𝐿𝑚

2 )
𝐿𝑠𝐿𝑟

⁄   is the leakage factor. From 

the equivalent circuit of DFIG, stator voltage vectors can be 

expressed as  

𝑉𝑠
𝑟 =  𝑅𝑠𝐼𝑠

𝑟 +  𝜓𝑠
𝑟̇ + 𝑗𝜔𝑟𝜓𝑠

𝑟  − − − − − − − −(7) 

From the stator voltage and current the stator active power 

input from the grid can be expressed as  

𝑃𝑠 =  
3

2
 𝑉𝑠

𝑟 . 𝐼𝑠
𝑟 =

3

2
 ( 𝑅𝑠𝐼𝑠

𝑟 + 𝜓𝑠
𝑟̇ + 𝑗𝜔𝑟𝜓𝑠

𝑟). 𝐼𝑠
𝑟(8) 

Neglecting the stator copper loss, the above equation 

becomes 

𝑃𝑠 =
3

2
 (𝜓𝑠

𝑟̇ + 𝑗𝜔𝑟𝜓𝑠
𝑟). 𝐼𝑠

𝑟 − − − − − − − − (9) 

In the same way the reactive power output to the grid is 

expressed as  

𝑄𝑠 =  −
3

2
𝑉𝑠

𝑟 ∗ 𝐼𝑠
𝑟 = −

3

2
(𝜓𝑠

𝑟̇ + 𝑗𝜔𝑟𝜓𝑠
𝑟) ∗ 𝐼𝑠

𝑟(10) 

The relationship between the stator and rotor flux in the 

stationary α-β and rotor αr - βr. reference frame is shown in 

Figure 3  

 

 
Fig. 6.  Relation of stator and rotor flux linkage vectors in stationary and 

rotor reference frames 

 

The stator and rotor fluxes in rotor reference frame is given 

by,  

𝜓𝑠
𝑟 = |𝜓𝑠

𝑟|. 𝑒𝑗𝜃𝑠  − − − − − − − − − − − −(11) 

𝜓𝑟
𝑟 = |𝜓𝑟

𝑟|. 𝑒𝑗𝜃𝑟 − − − − − − − − − − − − (12) 

The transformation of stator flux on the reference frame is 

given by 

𝜓𝑠
𝑟 = 𝜓𝑠

𝑠. 𝑒−𝑗𝜔𝑟𝑡 − − − − − − − − − − − −(13) 

The relationship between stator and rotor flux is given by 

𝜃̇𝑠 = 𝜔1 − 𝜔𝑟 − − − − − − − − − − − − −  (14) 

The stator flux on the stationary reference is given by 

𝜓𝑠
𝑠 = ∫(𝑉𝑠

𝑠 − 𝑅𝑠𝐼𝑠
𝑠)𝑑𝑡 − − − − − − − − −  (15) 

Assuming that the stator is connected to the balanced ac 

network such that and there is no change in rotor speed for the 

analysis. Normally due to the large inertia of the wind turbine 

the rotor speed will not change. The stator flux on the rotor 

reference frame is given by 

  Ι𝜓𝑠
𝑟Ι = |𝜓𝑠

𝑠𝑒−𝑗𝜔𝑟𝑡| =    |∫ 𝑉𝑠
𝑠𝑑𝑡| = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 − − − − −

− − − − − − − − − − − − − − −(16) 

𝑑|𝜓𝑠
𝑟|

𝑑𝑡
= − − − − − − − − − − − − − − −(17) 

𝜓̇𝑠
𝑟 = |𝜓𝑠

𝑟| 𝑗 𝜃𝑠 ̇ 𝑒𝑗𝜃𝑠 = j (𝜔1 − 𝜔𝑟)𝜓𝑠
𝑟 

Based on the equations (6), (9), (13) and (18) the stator active 

power input and reactive power output is given by  

𝑃𝑠 = −
3

2
 

𝐿𝑚

𝜎𝐿𝑠
𝜔1|𝜓𝑠

𝑟||𝜓𝑟
𝑟| sin 𝜃 − − − − − −(18) 

𝑄𝑠=

3

2

𝐿𝑚

𝜎𝐿𝑠

|𝜓𝑠
𝑟| (

𝐿𝑚

𝐿𝑟

|𝜓𝑟
𝑟| cos 𝜃 − |𝜓𝑠

𝑟|)  − −(19) 

Where θ = θr - θs is the angle between the stator and rotor flux 

linkage vectors. 

Differentiating (18) and (19) results in the following 

equations 

𝑑𝑃𝑠

𝑑𝑡
= −

3

2

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟
𝜔1|𝜓𝑠

𝑟|
𝑑(|𝜓𝑟

𝑟| sin 𝜃)

𝑑𝑡
− − − (20) 

𝑑𝑄𝑠

𝑑𝑡
=

3

2

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟
𝜔1|𝜓𝑠

𝑟|
𝑑(|𝜓𝑟

𝑟| cos 𝜃)

𝑑𝑡
− − − (21) 

From equations (20) and (21) it is found that the active and 

reactive power depends on |𝜓𝑟
𝑟| sin 𝜃) and |𝜓𝑟

𝑟| cos 𝜃) 

respectively. The |𝜓𝑟
𝑟| sin 𝜃) and |𝜓𝑟

𝑟| cos 𝜃) are the 

perpendicular components of the rotor flux in the direction of 

stator flux. This indicates that the change in the rotor flux will 

change the active (PS) and reactive powers (QS). It is also found 

that the initial status of the rotor position will not affect the 

active (PS) and reactive powers (QS). 

5. Simulation results 

The doubly fed induction generator based power generation 

system is simulated in MATLAB software.  A 5 MW DFIG is 

considered for the simulation studies. The two converters, one 

for grid side and another for rotor side are developed in 

simulation model. In the grid side AC to DC converter is used 

to convert grid ac voltage into dc and maintains dc voltage in 

the dc link. The dc link voltage is 1000V. Since the converter 

produce harmonics a RC filter is connected. The capacitor value 
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of the RC filter is 200μF. This RC filter will absorb the 

switching harmonics of the converter. The rotor side converter 

is DC to AC inverter, which is used to control the active and 

reactive power from the proposed direct power control strategy. 

The purpose of the grid side converter is to maintain the dc link 

voltage to a constant value of 1000V. The switching frequency 

of the converter is 2kHz and the series reactor is 0.3mH. 

 

 
Fig. 7.  Simulation model of DFIG by the proposed direct power control 

 

 
Fig. 8.  Direct Power Control Scheme 

 

First the grid side converter is operated to regulate the dc link 

voltage. Then the stator of the DFIG is excited.  The rotor speed 

is set externally. After 0.2 Sec rotor side converter is enabled. 

The initial stator real and reactive power being set as -2.5MW 

and -0.7Mvar respectively. The negative sign indicates that the 

real power is generated and the reactive power is absorbed. The 

real and reactive power is varied by the proposed direct power 

control with constant rotor speed. 

 

 
Fig. 9.  Simulation results of step change of active and reactive power with 

constant rotor speed 

  

For the step change of active and reactive power there is 

overshoot of either the stator or rotor currents. Simulation is 

carried for other step change of active and reactive power with 

constant rotor speed. For any variations of active and reactive 

step change or any other fixed rotor speed there is no stator or 

rotor current overshoot. This shows the effectiveness of the 

proposed direct power control for the doubly fed induction 

generator. 

6. Conclusion 

This paper presents a DFIG wind turbine control study using 

a direct power control design. which compares the proposed 

control scheme with the conventional standard DFIG control 

method. it shows that under the direct- current vector control 

configuration, how the integrated GSC and RSC control is 

designed to implement the dc-link voltage, real power, reactive 

power, and grid voltage support control functions.  

Comprehensive simulation studies demonstrate that the 

proposed DFIG wind turbine control structure can effectively 

accomplish wind turbine control objectives with superior 

performance under both steady and variable wind conditions 

within physical constraints of a DFIG system. Beyond physical 

constraints of a DFIG system, the proposed control approach 

operates the system by regulating the RSC for real and reactive 

power control and by controlling the GSC to stabilize the dc-

link voltage as the main concern. The direct-current vector 

current structure is also effective for peak power tracking, 

power factor improvement and grid voltage support control 

under a low voltage sag condition. 
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