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Abstract : Due to increasing concerns about CO2 emissions and the shortage of fossil fuels, renewable energy has become a major topic in
economic discussions. One renewable source of energy is that can be extracted from the wind. This Paper covers the basics of using a doublyfed induction generator (DFIG) to convert the mechanical energy of the wind into useful electrical power that can be used to supply electricity to
grid. In this Paper a suitable ANFIS Controller is designed which improves the system performance. ANFIS controls the variable speed, stator
current, and rotor current. The simulations results shows the effectiveness of the purposed methodology and has got very good dynamic
characteristics. The performance of double fed induction generator (DFIG) variable speed wind turbine under network fault is studied using
simulation developed in MATLAB. SIMULINK results show the transient behavior of the double fed induction generator when a sudden short
circuit occurs at the generator. After clearance of the short circuit fault the control schemes manage to restore the wind turbines normal
operation. The performances have been tested on 1.5 MW doubly fed induction generator (DFIG) in a Matlab/Simulink software environment.
Index Terms –ANFIS Controller, wind energy, double-fed induction generator (DFIG)

1.INTRODUCTION
It was the year 1887 when wind power was first time used for producing the electricity . But in the year 1973, when the oil
price accelerated. The investigation of non-petroleum energy and researcher started doing researches on wind energy based
power generation for bulk use. wind energy generation equipment is most widely installed in remote areas because remote
areas have weak grids with unbalance voltages. To overcome the problems associated with fixed speed wind turbine, we
employ variable speed wind turbine. Double fed induction generator is one of the components of variable speed wind turbine
system. In DFIG the stator is directly connected to the grid and rotor is connected through converters to grid. Wind power
generation technology faces many of challenges like selection of technology, power quality issues & mode of operation
control. Wind generation is dependent on the quality and quantity of the wind hitting the blades. The better the wind you have
the more power you will generate. The power available in wind increases by the cube of the wind speed – if wind speed
doubles, power output increases by eight. Turbulent wind (from obstruction, geographical features, etc.) will reduce the power
output as the turbine swings back and forth hunting for the wind. These are the few requirements of site for wind generation
system: The higher a turbine, the more power is generated, the better quality the wind. A wind turbine should be at least 40 ft
above any object within a 400 ft radius. Note there is often exception to this rule depending on your site. It is often more
economical to install a higher tower than purchasing a larger turbine Space.

2. LITERATURE SURVEY
Castilla, M et al (2010) presented a direct rotor current mode control (CMC) for the RSC of the IGs, which is aimed to
improve the transient response in relation to the dynamic performance achieved with the conventional (indirect) CMC [15]. These
control schemes are compared the performance and cost with the indirect CMC schemes.
Shuhui Li et al (2012) presented a direct current vector control method in a DFIG wind turbine based on which an integrated
control strategy is developed for wind power extraction, reactive power and grid voltage support controls of the wind turbine [16].
A transient simulation arrangement using SimPower Arrangement is built to validate the effectiveness of the proposed control
method. This control approach is more stable, reliable, has better dynamic performance, and superior behavior particularly under
the ac arrangement bus voltage control mode. But, for high PCC bus voltage sag, it may be impossible to boost the PCC voltage to
the rated voltage for the converter linear modulation constraints.
Changjin Liu et al (2013) proposed a novel DC capacitor current control loop is used to increase the loop gain, is added to the
conventional GSC current control loop [17]. The rejection capability to the unbalanced grid voltage and the stability of the
proposed control arrangement are discussed. But this proposed arrangement, 2nd order harmonic current in the dc capacitor as well
as dc voltage fluctuation is eliminated.
Charan Jeet Madan and Naresh Kumar (2018), proposed a novel method called grey wolf optimization with fuzzified error
(GWFE) model to simulate the optimized control arrangement[18]. The main objective of the paper was to simulate a low-voltage
ride through (LVRT) control arrangement that is convenient for the development of a controller that should have the ability to
rectify fault signals. Further, it compared the GWFE-based LVRT arrangement with the standard LVRT arrangement,
arrangements with minimum and maximum gain, and conventional methods like genetic algorithm (GA), differential evolution
(DE), particle swarm optimization (PSO), ant bee colony (ABC), and grey wolf optimization (GWO) algorithms.
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3.BASIC CONSTRUCTION OF DFIG
When a wound rotor induction machine (WRIM) works as a generator and fed power from both stator and rotor side, it is
termed as Doubly Fed Induction Generator (DFIG). DFIG scheme is used as a variable speed fixed frequency topology. In this
scheme, stator is directly connected to the grid while the rotor circuit is connected to grid through an AC/DC/AC back to back
frequency converter. The rating of this converter is typically 25-30% of the total power rating of the generator. This is the main
advantage of DFIG over other variable speed topologies as it provides same features at lesser cost and provides good efficiency.
Figure1 shows a typical DFIG configuration.

Fig.1 Basic configuration of Doubly fed induction Generator
Pr and Qr are the rotor active and reactive power and P s and Qs are the stator active and reactive power respectively. In the above
figure we can see that the power flow in stator side is unidirectional i.e. from stator to grid. But the power flow in rotor circuit is
bidirectional i.e. either from grid to rotor or rotor to grid. Usually the deviation in power due to wind fluctuation is managed
through this rotor circuit. So the power rating of this circuit along with the converters is less compared to the main machine rating
(Usually 20-30% of the machine rating).
4.MATHMATICALLY MODELLING:
The methodology When the DFIG is connected to a 3 phase balanced supply, a rotating magnetic field will be created in stator
circuit. Also due to the power fed to rotor side a magnetic field will be also established in rotor side. The two magnetic fields
represented by rotating reference frame are given below.
ϕds = Lss i ds+Lm idr
ϕqs=Lss i qs+Lm iqr
ϕdr =Lss i dr+Lm ids
ϕqr = Lss i qr+Lmiq
(1)
Similarly the stator and rotor voltages in rotating reference frame are given by the following equations.
Vds = Rs ids + (d ϕds/dt)-ωsϕqs
Vqs = Rsiqs + (d ϕqs/dt)+ωsϕds
Vdr = Rridr + (d ϕdr/dt)- (ωs- ωr)ϕqr
Vqr = Rriqr+ (d ϕqr/dt)+ (ωs- ωr)ϕdr
(2)
Similarly the active and reactive power of the stator is given by
Ps= 3/2 ( Vds *ids + Vqs*iqs) ;
Qs= 3/2 ( Vqs *ids - Vds*iqs);

(3)

4.1 System Configuration of a Variable-Speed DFIG Wind Turbine:
To simulate a realistic response of a DFIG wind turbine subjected to power system faults, the main electrical components
as well as the mechanical parts and the controllers have to be considered in the simulation model.
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(a)

(b)
Fig.2 (a & b) Variable speed wind turbines
5. ANFIS CONTROLLER:
Generally the combination of fuzzy logic and neural network is called as ANFIS (Adaptive Neuro Fuzzy Inference
System). Neural system has many inputs and also has multiple outputs but the fuzzy logic has multiple inputs and single output,
so the combination of this two is known as ANFIS which is used for nonlinear applications. ANFIS scheme for the speed control
of DFIG, neural network techniques are used to select a proper rule base, which is achieved using the back propagation algorithm.
This integrated approach improves the system performance, cost-effectiveness, efficiency, dynamism, reliability of the designed
controller. The simulation results show the effectiveness of the method developed & has got very good dynamic responses. Now
days, the DFIG play a vital role in the industrial sector especially in the field of electric drives. Without proper controlling of the
speed, it is virtually impossible to achieve the desired task for any industrial application. DFIG, particularly the Wound rotor
induction generator (WRIG), enjoy several advantages like simplicity, reliability, low cost and virtually maintenance-free
electrical drives. In this context, the fuzzy logic concepts coupled with artificial neural networks (hybrid control) play a very
important role in developing the controllers for the plant, which might yield excellent results. Here, follows a brief review of the
literature relating to the work done by various authors on the fuzzy logic coupled with ANNs, i.e., the Adaptive Neuro Fuzzy
Inference System (ANFIS) w.r.t. the speed control of DFIG systems. In the last few years, fuzzy logic has met a growing interest
in many Generator control applications due to its non-linearity handling features and independence of the plant modeling. The
fuzzy controller (FLC) operates in a knowledge-based way, and its knowledge relies on a set of linguistic if-then rules, like a
human operator. An ANFIS controller is a device which controls each and every operation in the system making decisions. From
the control system point of view, it is bringing stability to the system when there is a disturbance, thus safeguarding the equipment
from further damages. It may be hardware based controller or a software based controller or a combination of both. In this
section, the development of the control strategy for control of various parameters of the DFIG such as the speed, flux, torque, and
voltage, current is presented using the concepts of ANFIS control scheme, the block diagram of which is shown in the Fig. 3.
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Fig. 3 Block diagram of the ANFIS control scheme for the speed control of the DFIG

6.. RESULTS AND DISCUSSION

6.1 Results of Various Parameters:
6.1.1 Simulink Model:
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ANFIS controller.

Fig.4-Waveform 1- Three phase stator current.

Waveform 2-shows the improved three phase Rotor current of generator using

ANFIS controller.

Fig.5-Waveform-2 Three phase rotor current.
Waveform-3 shows the Rotor side pulse
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Fig.6-waveform-3 rotor side pulse
Waveform-5 shows the Grid side pulse:

Fig.7-waveform-5 Grid side pulse.
Waveform-6 shows the improved RLC Voltage:

Fig.8-waveform-6 RLC voltage
REFERENCES
[1] Lie Xu, and Yi Wang, “Dynamic Modeling and Control of DFIGBased Wind Turbines Under Unbalanced Network
Conditions,” IEEETrans. on Power Syst., vol. 22, No. 1, pp. 314-323, Feb. 2007.
[2] Yi Wang, and Lie Xu, “Coordinated Control of DFIG and FSIG-Based Wind Farms Under Unbalanced Grid Conditions,”
IEEE Trans. On Power Del., vol. 25, No. 1, pp. 367-377, Jan. 2010.
[3] Alvaro Luna, Francisco Kleber de Araujo Lima, David Santos, Pedro Rodríguez, Edson H. Watanabe, and Santiago Arnaltes,
“Simplified Modeling of a DFIG for Transient Studies in Wind Power Applications,” IEEE Trans. on Ind. Electron, vol. 58,
No. 1, pp. 9-20, Jan.2011.
[4] Mansour Mohseni, Syed M. Islam, and Mohammad A. S. Masoum, “Enhanced Hysteresis-Based Current Regulators in Vector
Control of DFIG Wind Turbines,” IEEE Trans. on Power Electron., vol. 26, No. 1, pp. 223-234, Jan. 2011.
[5] Changjin Liu, FredeBlaabjerg, Wenjie Chen, and DehongXu, “Stator Current Harmonic Control with Resonant Controller for
Doubly Fed Induction Generator,” IEEE Trans. on Power Electron., vol. 27, No. 7, pp. 3207-3220, Jul. 2012.

JETIR1807931

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

243

© 2018 JETIR July 2018, Volume 5, Issue 7

www.jetir.org (ISSN-2349-5162)

[6] Van-Tung Phan, and Hong-Hee Lee, “Performance Enhancement of Stand-Alone DFIG Systems With Control of Rotor and
Load Side Converters Using Resonant Controllers,” IEEE Trans. on Ind. Appl., vol. 48, No. 1, pp. 199-210, Jan./Feb. 2012.
[7] Jiaqi Liang, Dustin F. Howard, Jose A. Restrepo, and Ronald G. Harley, “Feed forward Transient Compensation Control for
DFIG Wind Turbines During Both Balanced and Unbalanced Grid Disturbances,” IEEE Trans. on Ind. Appl., vol. 49, No. 3,
pp. 1452-1463, May/Jun. 2013.
[8] SlavomirSeman, JoukoNiiranen, and Antero Arkkio, “Ride-Through Analysis of Doubly Fed Induction Wind-Power
Generator Under Unsymmetrical Network Disturbance,” IEEE Trans. on Power Syst., vol. 21, No. 4, pp. 1782-1789, Nov.
2006.
[9] JihenArbi, ManelJebali-Ben Ghorbal, IlhemSlama-Belkhodja, and LotfiCharaabi, “Direct Virtual Torque Control for Doubly
Fed Induction Generator Grid Connection,” IEEE Trans. on Power Electron., vol. 56, No. 10, pp. 4163-4173, Oct. 2009.
[10] Etienne Tremblay, Sergio Atayde, and Ambrish Chandra,“Comparative Study of Control Strategies for the Doubly Fed
Induction Generator in Wind Energy Conversion Systems: A DSP Based Implementation Approach,” IEEE Trans. on
Sustainable Energy, vol. 2, No. 3, pp. 288-299, Jul. 2011.
[11] Peng Zhou, Yikang He, and Dan Sun, “Improved Direct Power Control of a DFIG-Based Wind Turbine During Network
Unbalance,” IEEE Trans. on Power Electron., vol. 24, No. 11, pp. 2465-2474, Nov. 2009.
[12] Gonzalo Abad, Miguel A´ ngelRodr´ıguez, GrzegorzIwanski, and Javier Poza, “Direct Power Control of Doubly-FedInduction- Generator-Based Wind Turbines Under Unbalanced Grid Voltage,”IEEE Trans. on Power Electron., vol. 25, No. 2,
pp. 442-452, Feb.2010.
[13] Lei Shang, and Jiabing Hu, “Sliding-Mode-Based Direct Power Control of Grid-Connected Wind-Turbine-Driven Doubly
Fed Induction Generators Under Unbalanced Grid Voltage Conditions,”IEEE Trans. on Energy Convers., vol. 27, No. 2, pp.
362-373, Jun. 2012.
[14] Alfeu J., SguareziFilho, and Ernesto RuppertFilho, “Model-Based Predictive Control Applied to the Doubly-Fed Induction
Generator Direct Power Control,” IEEE Trans. on Sustainable Energy, vol. 3, No. 3, pp. 398-406, Jul. 2012.
[15] Castilla, M., Miret, J., Matas, J., and Borrell, A., “Direct Rotor Current-Mode Control Improves the Transient Response of
Doubly Fed Induction Generator-Based Wind Turbines,” IEEE Trans. On Energy Convers., vol.25, issue. 3, pp. 722-731, Sep.
2010.
[16] Shuhui Li, Timothy A. Haskew, Keith A. Williams, and Richard P. Swatloski, “Control of DFIG Wind Turbine With DirectCurrent Vector Control Configuration,” IEEE Trans. on Sustainable Energy, vol. 3, No. 1, pp. 1-11, Jan. 2012.
[17] Changjin Liu, DehongXu, Nan Zhu, Blaabjerg, F., “DC-Voltage Fluctuation Elimination Through a DC-Capacitor Current
Control for DFIG Converters Under Unbalanced Grid Voltage Conditions,” IEEE Trans. on Power Electron., vol. 28, issue 7,
pp. 3206-3218, Jul. 2013.
[18].Puneet Pahuja, Dr. H.M. Rai, “Design of Robust Control for Perturbed Systems using QFT” ACCT-2012 Second
international conference held on 7-8 January, 2012 IEEE conference.
[19] Charan Jeet Madan and Naresh Kumar, “Fuzzy grey wolf optimization for controlled low-voltage ride-through conditions in
grid-connected wind turbine with doubly fed induction generator”, Sage publication, Simulation: Transactions of the Society
for Modeling and Simulation International, June 2018
Bibliography:

Mr. Ashish is B.Tech, Pursuing M.Tech from DCRUST Murthal, Sonepat, Haryana, India . Currently, He is
M.TECH researcher Scholar in Hindu college of Engineering Sonepat, Haryana, India. His area of Interest is
Power Quality and control .

Charan Jeet Madan received his B.E. degree In Instrumentation and Control Engg. and the M.Tech. degree in
Electrical Engineering from the M.D. University Rohtak, Haryana, India, in 2006, and 2008, respectively. Since
2008, he has been an Assistant Professor at the Department of Electrical Engineering, Hindu College Of Engg.,
Sonipat(Haryana). He is currently working toward the Ph.D. degree as research scholar at the Department of
Electrical Engineering, D.C.R.University of Sc. & Technology, Murthal(Sonipat). He is the author/co-author of
many papers published in refereed journals and conferenc proceedings. His current research interests include
renewable energy systems, energy storage, smart grids, intelligent control algorithms, power system.

Dr. Puneet Pahuja has done B.E(Inst. & Control Engg.),M.E Elect.(Inst. & Control Engg.) & Ph.D Electrical
Engg. He has published many research paper in various National & international journal. He has attended
several national & international conference. His current area of interest are robust control, Fuzzy
control,ANFIS controller& renewable sources.

JETIR1807931

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

244

