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Abstract— Double Fed Induction Generator (DFIG) had 

been widely used as a wind turbine generator, due its various 

advantages especially low generation cost so it becomes the 

most important and promising sources of renewable energy. 

This paper presents fuzzy logic control (FLC) of Doubly Fed 

Induction Generator (DFIG) wind turbine. First, a 

mathematical model of the doubly fed induction generator 

written in an appropriate d-q reference frame is established to 

investigate simulations. In order to control the stator powers of 

DFIG, a power active and reactive control law is synthesized 

using PI controllers. Then, the performances of fuzzy logic 

controller are investigated and compared to those obtained 

from the PI controller. Simulation results prove the excellent 

performance of fuzzy control unit as improving power quality 

and stability. 
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I. INTRODUCTION 

The modern MW-size wind turbines always use variable 
speed operation which is achieved by a converter system [1]. 
These converters are typically associated with individual 
generators and they contribute significantly to the costs of 
wind turbines  

Variable speed wind turbine topologies include many 
different generators configurations, based on cost, efficiency, 
annual energy capturing, and control complexity of the 
overall system [2]. 

Due to the fast enhancement and development in 
manufacture of power electronic converter technology as 
well as the development of induction machines specially 
Double Fed Induction Generators and its advantages of small 
capacity of converters, high energy and flexible power 
control [3], DFIG has been widely used for large-scale wind 
power generation systems due to its various advantages, such 
as variable speed operation, controllable power factor and 
improved system efficiency, flexibility and robustness. DFIG 
have windings on both stator and rotor. Through both the 
windings there is a significant amount of active power 
transfer between shaft and electrical system. 

DFIG wind turbine also improves system efficiency with 
its optimal rotational speed, reduces noise and mechanical 
stresses, improves power quality, and compensates for torque 
and power pulsations [4], power converter only processes 
slip power therefore it’s designed in partial scale and just 
about 30% of generator rated power which makes it 
attractive from economical point of view [5][6].  

The quality of energy  depends not only on the generator 
type or power converter configuration, but also on the 
control system. Many different structure and control 
algorithms can be used for control of power converter. One 
of the most common control techniques is decoupled PI 
control of output active and reactive power to improve 
dynamic behavior of wind turbine. 

However, the fixed gain controllers (PI) are very 
sensitive to parameter variations and cannot usually provide 
good dynamic performance. So, the controller parameters 
have to be continually adapted. This problem can be solved 
by several control techniques such as direct torque control 
DTC sliding mode control SMC and intelligent techniques 
like artificial neural networks, genetic algorithms and fuzzy 
logic FLC...etc [7][8]. 

In the recent past, several works show that the fuzzy 
logic controllers (FLC) able to replace the conventional 
ones[9] [10] Fuzzy control technique does not need accurate 
system modelling. It employs the strategy adopted by the 
human operator to control complex processes and gives 
superior performance than the conventional proportional-
integral (PI) control. The fuzzy algorithm is based on human 
intuition and experience, and can be regarded as a set of 
heuristic decision rules [11][12]. 

The components of rotor currents can be related to the 
real and reactive powers. In this paper, a FLC control 
strategy is achieved by adjusting rotor currents and using 
stator voltage vector oriented reference frame. The 
performances of fuzzy logic controller are investigated and 
compared to those obtained from the PI controller. 

The rest of this work is structured as follows: Section 2 is 
dedicated to the dynamic modeling of DFIG. Section 3 
presents the different strategies adopted to control the DFIG.  
Section 4 is the simulation results and finally Section 5 
represents the conclusion.  

 

Fig. 1. Doubly fed induction generator-based wind turbine 
configuration. 



II. SYSTEM MODELING  

A. Model of the Doubly Fed Induction Generator 
As illustrated in Figure 3, DFIG system is a wound rotor 

induction generator with slip ring, with stator directly 
connected to the grid and with rotor interfaced through a 
back to back partial scale power converter. Consequently the 
DFIG can be regarded as a traditional induction machine 
with a nonzero rotor voltage. 

Under the matrix form, the mathematical model of the 
DFIG in PARK reference frame is the fifth order model. All 
the flux dynamics and the important interactions between 
variables are taken into account. To reduce the complicating 
features of the machine, some basic assumptions are 
considered. The air gap is assumed smooth with no slotting 
effect. The magnetic saturation is neglected and the machine 
windings are supposed sinusoidally distributed. The 
electrical magnitudes interactions are described by the 
following matrix[13]. 
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where Φsd,q and Φrd,q are the stator and the rotor fluxes, 
respectively, Vsd,q and Vrd,q are the stator and rotor 
voltages, Rs and Rr are the stator and rotor resistances, Ls, 
Lr, and M are the stator, rotor and magnetizing inductances, 
σ is the leakage factor, ωg and ωm are the angular 
frequencies of the stator flux and the rotor shaft. 

The electromagnetic torque (Tem) presents the link 
between mechanical and electrical part of the machine. It can 
be obtained in terms of fluxes[14]: 
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 where J is the system inertia and fv is the viscous 
friction.  

In order to complete the model, the real and reactive 
power are necessary to be computed. They can be written as: 
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B. Voltage converter modeling 

The model of the two level converter with standard 
IGBTs is defined as[15]: 
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where Sa, Sb, and Sc are the command signals, Van, 
Vbn, and Vcn are the output voltages and Vdc is DC bus 
voltage. 

III. CONTROL STRATEGIES. 

A. PI control of the DFIG 

Vector control still the most used control technique for 
the DFIG[7]. The objective of the Vector control is to 
regulate stator active power Ps and reactive power Qs 
independently.  In this strategy, the rotor current vector is 
separated into two elements using synchronously rotating 
(dq) reference frame. [16].  The direct rotor current is 
responsible for the control of reactive power and the 
quadrature current is related to the real power. In this way, 
the DFIG can closely match the structure of DC machine, 
which magnitudes controlling the torque and the flux are 
naturally decoupled. [17]. 

The relationship between the stator and rotor currents can 
be derived: 
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By replacing Equations (5) and (6) in rotor flux 
expressions, they can be written in terms of rotor currents as 
follows: 
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The relationship between the rotor voltages and the rotor 
currents can be established by substituting Equations (7) and 
(8) into Vrd and Vrq expressions[18]: 
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(9) 

The vector control scheme consists of the real and 
reactive power can be rewritten in terms of rotor currents as 
follows: 
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Two series of two PI controllers. The active and reactive 
power error signals are given to the two different PI 
controller which gives direct rotor current Ird* and 
quadrature current Irq* respectively. These two signals are 
compared with the generator currents, Ird and Irq and the 
error signal is given to the other two PI controllers. The 
outputof these controllers is rotor voltage Vrd and Vrq 
respectively 

 
Fig. 2. Filed oriented control of DFIG. 

The rotor current references can be estimated from the 
desired powers. Then, the control loops are utilized to ensure 
that these references are followed by the measured currents 
[19] 

B. Fuzzy control of the DFIG 

Fuzzy logic control, approaching the human reasoning 
that makes use of the tolerance, imprecision, and fuzziness in 
the decision-making process, manages to offer a very 
satisfactory performance, without the need of a detailed 
mathematical model of the system, it has inherent abilities to 
deal with imprecise or noisy data; thus, it is able to extend its 
control capability even to those operating conditions where 
linear control techniques fail [20] [21]. 

The four main components of fuzzy logic controller are 
fuzzification, fuzzy inference engine, rule base and 
defuzzification. Inputs are fuzzified, then based on rule base 
and inference system, outputs are produced and finally the 
fuzzy outputs are defuzzified and applied to the main control 
system. Error of inputs from their references and error 
deviations are chosen as inputs[22]. 

The problem of selecting the suitable fuzzy controller rules 
remain relying on expert knowledge and try and error tuning 
methods. Rule bases are shown in Table 3 and 4. NB, N, ZE, 
P and PB represents negative big, negative, zero, positive 
and positive big respectively. 

 

 Fig. 3. Block diagram of fuzzy controller. 

Figure 3 shows the block diagram of rotor side converter 
to which fuzzy controllers are applied. The main objectives 
of this part are active power and reactive power control. 

IV. RESULTS AND DISCUSSION 

The simulation is presented to investigation of dynamic 
behavior and the performances of proposed system with 
fuzzy logic and PI controller. 
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Fig. 4. Stator active power using PI controller   
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Fig. 5. Stator reactive power using PI controller   
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Fig. 6. Stator active power using FLC controller   
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Fig. 7. Stator reactive power using FLC controller   

V. ROBUSTNESS TESTSN 

To test the robustness of the controllers used, parameters of 
the machine have been modified: the values of the stator and 
the rotor resistances are multiplied by 1.5, while the values 
of inductances Lr , Ls and M are divided by 1.5. The 
machine is running at its nominal speed. The results 
presented in Fig. 10 show that parameter variations of the 
DFIG present a clear effect on the power curves (their errors 
curves) and that the effect appears more significant for PI 
and controller than that with FLC one. Thus it can be 
concluded that this last is the most robust controller used in 
this work. 
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Fig. 8. Stator active power using PI controller   
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Fig. 9. Stator reactive power using PI controller   
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Fig. 10. Stator active power using FLC controller   
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Fig. 11. Stator reactive power using FLC controller   

VI. CONCLUSIONS 

The modeling, the control and the simulation of a doubly 
fed induction generator has been described in this paper. At 
first, a model of the turbine and the generator are proposed. 
Then, a control strategy based on fuzzy logic and PI 
controllers allowing independent control of power has been 
presented. The objective was the implementation of a robust 
decoupled control the system of active and reactive powers 
generated by the side stator of the DFIG, to ensure of the 
high performance and a better execution of the DFIG, and to 
make the system insensible with the external disturbances 
and the parametric variations.                  



Through the response characteristics obtained by the 
simulation results, the good performance is observed even in 
the presence of variations of targets. Moreover, by 
comparing the controller PI and fuzzy, it is clear that the 
fuzzy control is robust against parametric variations of the 
machine, provides fast convergence.  

REFERENCES 

 
[1] Datta R, Ranganathan VT. Variable-Speed Wind Power Generation 

Using Doubly Fed Wound Rotor Induction Machine - A comparison 

With Alternative Schemes. IEEE Transactions on Energy Conversion. 
2002; 17(3): 414–421. 

[2] M. Chinchilia, S. Arnaltes, J. Burgos, Control of permanentmagnet 

generator applied to variable-speed wind-energy systems connected to 
the grid, IEEE Trans. Energy Convers. 21 (1) (2006).  

[3] S. Muller, M. Deicke, R.W. De Doncker, Doubly fed induction 

generator systems for wind turbines, IEEE Ind. Appl. Mag. 8 (3) 
(2002) 26–33. 

[4] J.Morren and S.W. H. de Haan, “Ridethrough of wind turbines with 

doubly-fed induction generator during a voltage dip,” IEEE 

Transactions on Energy Conversion, vol. 20, no. 2, pp. 435–441, 
2005. 

[5] Holdsworth L, XG Wu, JB Ekanayake and N Jenkins. Comparison of 

fixed speed and doubly-fed induction wind turbines during power 

system disturbances. IEE Proc. Gener. Transm. Distrib., 2003; 150 
(3): 343-352. 

[6] M. V. A. Nunes, J. A. P. Lopes, H. H. Z¨urn, U. H. Bezerra, and R. 

G. Almeida, “Influence of the variable-speed wind generators in 

transient stability margin of the conventional generators integrated in 

electrical grids,” IEEE Transactions on Energy Conversion, vol. 19, 
no. 4, pp. 692–701, 2004. 

[7] S. Azzouz and S. Messalti,  "control of active and reactive power of 

DFIG by artificial neural networks" Journal of engineering and 
applied science, 2016, vol. 10, pp. 2269–2273. 

[8] C. Y. Won, B.K. Bose, An Induction Motor Servo System with 

Improved Sliding Mode Control, International Conference on Power 

Electronics and Motion Control, Vol. 1, pp: 60 – 66, San Diego, CA, 
Nov 1992. 

[9] AndreasGiannakis, AthanasiosKarlis, Yannis L.Karnavas "A 

combined control strategy of a DFIG based on a sensorless power 

control through modified phase-locked loop and fuzzy logic 

controllers". Renewable Energy Volume 121, June 2018, Pages 489-
501 

[10] A.G. Aissaoui, A. Tahour, N. Essounbouli, F. Nollet, M. Abid and 

M.I. Chergui, "A Fuzzy-PI Control to Extract an Optimal Power from 

Wind Turbine", Energy Conversion and Management, Vol. 65, pp. 
688 - 696, 2013. 

[11] J. M. Rodriguez, Incidence on power system dynamics of high 

penetration of fixed speed and doubly fed wind energy systems: Study 

of the Spanish case, IEEE Trans. Power Syst., Vol. 17, 1089–1095, 
Nov. 2002. 

[12] T. Ghennam, E.M. Berkouk, B. Francois, A vector hysteresis current 

control applied on three-level inverter. Application to the active and 

reactive power control of doubly fed induction generator based wind 

turbine, International Review of Electrical Engineering, Vol. 2(Issue 
2): 250 – 259, March 2007.  

[13] Bossoufi B, Karim M, Lagrioui A, Taoussi M, Derouich A. Observer 

backstepping control of DFIG-generators for wind turbines variable-

speed: FPGA-based implementation. Renew Energy. 2015;81:903‐
917 

[14] Kahla S, Soufi Y, Sedraoui M, Bechouat M. On-Off control based 

particle swarm optimization for maximum power point tracking of 

wind turbine equipped by DFIG connected to the grid with energy 
storage. Int J Hydrogen Energy. 2015;40(39):13749‐13758. 

[15] Raju SK, Pillai GN. Design and real time implementation of type-2 

fuzzy vector control for DFIG based wind generators. Renew Energy. 
2016;88:40‐50. 

[16] Moreira AB, Barros TA, Teixeira VS, Ruppert E. Power control for 

wind power generation and current harmonic filtering with doubly fed 
induction generator. Renew Energy. 2017;107:181‐193. 

[17] Wickramasinghe A, Perera S, Agalgaonkar AP, Meegahapola L. 

Synchronous mode operation of DFIG based wind turbines for 

improvement of power system inertia. Renew Energy. 2016;95:152‐
161. 

[18] Abdeddaim S, Betka A. Optimal tracking and robust power control of 

the DFIG wind turbine. Int J Electr Power Energy Syst. 
2013;49:234‐242. 

[19] Boutoubat M, Mokrani L, Machmoum M. Control of a wind energy 

conversion system equipped by a DFIG for active power generation 
and power quality improvement. Renew Energy. 2013;50:378‐386.  

[20] Bezza,M., EL.Moussaoui,B., Fakka,A. "Sensorless MPPT fuzzy 

controller for DFIG wind turbine", Energy Procedia, 2012, Vol.18, p. 
339-348. 

[21] Hany M.J. "Design and Implementation of Neuron-Fuzzy Vector 

control for Wind-Driven Doubly-Fed Induction generator". IEEE 

transactions on sustainable energy conversion, No.4, Vol.2,October 
2011. 

[22] Ramji Tiwari, Ramesh Babu. N "Fuzzy logic based mppt for 

permanent magnet synchronous generator in wind energy conversion 
system"  IFAC-PapersOnLine 49-1 (2016) 462–467 Science Direct.   

 

https://www.sciencedirect.com/science/article/pii/S0960148118300521#!
https://www.sciencedirect.com/science/article/pii/S0960148118300521#!
https://www.sciencedirect.com/science/article/pii/S0960148118300521#!
https://www.sciencedirect.com/science/journal/09601481
https://www.sciencedirect.com/science/journal/09601481/121/supp/C

