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Abstract 

This paper presents the performance analysis of Fuzzy Logic Controller through unbalanced voltage with the controlled output of 

doubly-fed induction generator produced by wind energy conversion system. A fuzzy logic controller is designed using 

MATLAB/Simulink, for the control strategy of rotor side converter (RSC) and grid side converter (GSC) is so that, the torque 

and dc voltage are remain stable during unbalanced loading. The machine uses two back to back converter controllers, to 

overcome problem due to harmonics used with various control schemes. Moreover, a THD analysis confirms the best quality of 

grid injected power.   

Keywords: Doubly-fed induction generator (DFIG), Wind energy conversion system (WECS), Fuzzy logic controller 
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___________________________________________________________________________________________________ 

I. INTRODUCTION 

As a result of previous studies, it is observed that the demand of electricity is day by day increasing but due to the limited 

sources of non renewable energy, the demand is not fulfilling so, the people moves towards the renewable sources of energy. 

Now a day, the renewable power sources are using, such as solar energy, hydro power, bio-mass energy, wind energy, wave 

energy. Wind energy is one of the most available and exploitable form of renewable energy and its share with respect to total 

installed capacity is increasing worldwide. The new installed capacity (Jan.-Dec. 2014) of renewable resources for wind power 

energy is defined in [13] China (23,196 MW), Germany (5,279 MW), USA (4,854 MW), Brazil (2,472 MW), India (2,315 MW). 

Now, India is at the fifth place globally with a total of 22,465MW at the end of year 2014, and in next five years India has 

attained a total of 22.5 GW. 

DFIG is different from the conventional induction generator, such that it employs a series voltage source converter to feed the 

wound rotor. The control scheme includes a back-to-back converter composed of the rotor side converter (RSC) and the grid side 

converter (GSC), which are controlled by controllers. The GSC is connected to the stator side of generator to match two voltage 

levels between the point of common coupling and the DC-link voltage. The purpose of the grid side converter is to control the 

dc-link voltage regardless of power flow direction through the rotor side converter and to compensate for unbalanced and 

distorted grid currents caused by loads.  The control capacity of both the converters, gives an advantage to flexibility control and 

stability than other induction generators. In this paper, Fuzzy logic controller is designed for the power quality improvement. The 

fuzzy logic controller provides the design of a non-linear model free controller and can be used for the coordinated control of 

RSC and GSC in the DFIG system. The Takagi-Sugeno-Kang type fuzzy logic controller may not be able to provide the 

smoothness over a wide range of speed of the wind [4]. In lieu, the Mamdani type fuzzy logic controller can provide a wide 

range for the control of the machine by utilizing both linear and non-linear rules in the consequent expression of the fuzzy rules 

based and is well suited to human input. Demonstrating that, superior performance need not be linked with large number of rules 

but rather to the quality of these rules [7]. The grid side converter plays a fundamental role as an active power filter in the 

system. An LC filter is provided on converter output to minimize switching harmonics and to protect component insulation. The 

circumstances turn to be more grievous because of harmonics and large THD of the current waveform of unbalanced load. 

Meanwhile, the rotor side converter is connected to the rotor side of the DFIG to control the rotor current, so as to fully eliminate 

unbalanced and harmonic component in the DFIG grid voltage at the PCC. Use of FACTs devices, custom power devices can be 

the successful procedure in limitation and mitigation of harmonics. Therefore, usage of device along with the controller would be 

the panacea for the power quality refinement. The immense application of nonlinear loads in different sectors cause power 

quality probslems as harmonics, unbalance, voltage sag, voltage swell, reactive power burden, etc. 
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II. WIND-DFIG SYSTEM CONFIGURATION 

A grid connected to the system is as shown in figure 1. The GSC and RSC voltages of the doubly exited doubly-fed induction 

generator are supplied to the grid and the power converters respectively. Simulation of the pragmatic response of the DFIG 

system requires the modeling of the controllers in addition to the main electrical and mechanical components with others. 

 
Fig. 1: DFIG System 

A. Wind Power Generation 

Wind Energy is defined as the electrical energy obtained from harnessing the wind with wind turbine. Wind energy may vary 

from time to time; stiff conditions are to be taken in designing WECS using DFIG at linear load and non-linear load. These 

elements are coupled together at the PCC. In the wind turbine output power and wind velocity has nonlinear relation between 

them is as:  

         (   )     
  

Fig.2 represents the relation between generator speed and output power according to wind speed change (v1<v2<v3<v4<v5) 

[8]. 

 
Fig. 2: Relationship between the power and the rotational speed. 

The power coefficient is defined as the output power of the wind turbine to the available power in the wind system. The blade 

pitch angle can be controlled by pitch controller and the tip speed ratio (TSR) is given as [1]: 

  
  

 
 

The TSR is of vital importance in the design of wind turbine generators. If the rotor of the wind turbine turns too slowly, most 

of the wind will pass undisturbed through the gap between the rotor blades. Alternatively, if the rotor turns too quickly, the 

blurring blades will appear like a solid wall to the wind. When a rotor blade passes through the air it leaves turbulence in its 

wake. If the next blade on the spinning rotor arrives at this point while the air is still turbulent, it will not be able to efficiently 

extract power from the wind. 

The optimum TSR depends on the number of blades in the wind turbine rotor. The fewer the number of blades, the faster the 

wind turbine rotor needs to turn to exact maximum power from the wind. A two-bladed rotor has an optimum TSR of around 6, a 

three-bladed rotor around 5, and four-bladed rotor around 3. A well designed typically three bladed rotor would have a tip speed 

ratio of around 6 to 7. Three-bladed turbine provides lower noise, and better toque characteristics than two-bladed wind turbine. 

Fig.3 shows a typical wind turbine power coefficient versus tip speed ratio [9]. 

 
Fig. 3: Power coefficient versus tip speed ratio. 

And for the modeling of DFIG the voltage and flux equations, expressed in Park‘s reference frame, are given by [2]: 
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However, the electromagnetic torque is given by: 
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A. ROTOR SIDE CONVERTER 

The rotor side is the dedicated controller for the machine. Hence the active and reactive power outer loops are chosen to extract 

the maximum power from the wind, and to maintain a unity power operation of the grid. A proper rotor current induces a proper 

grid voltage in the machine, which helps compensate unbalanced or harmonic voltage drop on the grid internal impedance [3]. 

The active power set points can be obtained from the instantaneous value of the rotor speed. The rotor current is controlled in the 

stator flux oriented reference frame to obtain the desired active power according to the optimum torque speed characteristics. The 

set point for the reactive power can be calculated from the active power set point and a desired power factor [1].The necessary 

control actions were adopted for the rotor side converter to maintain the speed of the DFIG constant, also control the reactive 

power flow from the utility grid to the rotor irrespective of the wind speed [6]. The unit vector requirement for the d-q 

transformation is found by using grid voltage orientation where the real axis of the grid voltage vector is chosen as the d-axis as 

used in case of grid side converter control. The detail control strategy for machine side converter control is shown in Fig.  4. 

 
Fig. 4: Structure for Rotor Side Converter 

B. Grid Side Converter 

The power rating of the grid-side converter is mainly dictated by maximum slip power, since it usually operates at a unity power 

factor. The grid-side converter is normally dedicated to controlling the dc-link voltage only. The converter can also be utilized to 

support grid reactive power during a fault. The grid-side converter can also be used to enhance grid power quality. However, 

these abilities are seldom utilized since they require a larger converter rating. In stability studies, it is well accepted to disregard 

the switching dynamics of the converter. In addition, converters are assumed to be able to follow the demanded values of the 

converter current. A detailed model of a grid-side converter control is presented where the converter is modeled as a current-

controlled voltage source. This constitutes a representation of the dc-link capacitor and the grid-side filter in the model. The 

amount of energy stored in the dc-link capacitor can be written as 
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Where P is the net power flow into the capacitor, C is the dc-link capacitor value and Vdcis the capacitor voltage. 

 
Fig. 5: Structure for Grid Side Converter 

The grid-side converter is omitted from the model by assuming a constant dc-link voltage and a unity power exchange 

between the grid-side converter and the grid. As a consequence, the converter can be modeled as an active current injector or 

absorber. The amount of active power injection or absorption is determined directly from the rotor active power. If necessary, 

reactive power injection or absorption can be modeled independent of rotor reactive power, which is subject to the limitations of 

the grid-side converter. 

C. Fuzzy Logic Controller 

Fuzzy logic starts with the concept of a fuzzy set. A fuzzy set is a set without a crisp, clearly defined boundary. It can contain 

elements with only a partial degree of membership. To understand a fuzzy set, first consider the definition of a classical set. A 

classical set is a container that wholly includes or wholly excludes any given element [14]. Fuzzy set theory first introduced by 

Zadeh was used to describe inexact information, but after Mamdani‘s pioneer work on its application to a steam engine control 

[12], many applications of fuzzy control in industry processes have been developed. Procyk and Mamdani [11] described the first 

self organizing controller (SOC). It has a hierarchical structure which consists of two rule bases. The first one is the general rule 

base of an FLC. The second one is, constructed by ‗meta-rules‘, which exhibit human like learning ability to create and modify. 

Fuzzy Logic Controller takes a first look at the fundamental concepts and paradigms of this methodological approach by 

introducing the Mamdani‘s FLC, as well as the special cases of PI-like, PD-like, and PID-like FLC. The fuzzy controller consists 

of a set of linguistic rules that describe the operator‘s control strategies. These rules are based, on the experiences of a human 

operator, because the detailed dynamics of the controlled process is not needed in the design process. Fuzzy control processes an 

inherent robust property [10].A typically fuzzy controller as shown in Fig. consists of three major parts: a fuzzification, decision 

making logic (fuzzy inference system), and defuzzification. The key to successful design of a fuzzy controller relies on the 

suitable selection of fuzzy variable and linguistic rules, obtained practical experiences and intuitive tries. The general scheme of 

the fuzzy controller is shown in Fig.  6. 

 
Fig. 6: General Scheme of Fuzzy Controller 

The tuning process of FLC [5], through trial-and-error approach will continue until satisfactory results are obtained. Definitely 

it is usually a tedious and time-consuming task. The derivation of the rule based basically follows these four approaches: i) 
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Expert experiences and control engineering knowledge ii) Based on operator‘s control actions iii) Based on fuzzy model of a 

process iv) Based on learning. From these four methods, only two will be used in this case which is based on learning and from 

the expert experiences and control engineering knowledge. An expert experience is the least structured of the four methods and 

yet it is one of the most widely used today. It is based on the experiment done from the experience based knowledge of the 

process control.  

 
Fig. 7: Flow Chart of FLC design 

Currently many research efforts are focused on emulating human learning, mainly on the ability to create fuzzy control rules 

and to modify them or tune based on experience. FLCs are reasonably easy to design but the tuning process of FLCs through 

trial-and-error approach will continue until satisfactory results are obtained. As it was mentioned earlier, there is no systematic 

procedure to tune FLC. If the results are not as desired, changes are made either to the number of the fuzzy partitions or the 

mapping of the membership function and then the system can be tested again. Fig.7 is the flow chart to design FLC.A so-called 

rule-based fuzzy inference system (FIS) consists of a number of IF-THEN rules. These rules are based on the linguistic variables. 

The inference system uses the experience embodied in fuzzy relations. In this study, a Mamdani fuzzy controller was chosen and 

designed with linguistic term ―if-then‖ rule. The linguistic variables for the rule base was selected as, positive large (PL), 

positive small (PS), negative large (NL), negative small (NS) and zero (ZE). However, it depicts the general structure of fuzzy 

logic controller. As it was defined for the linguistic rule variables, Fig.8 below shows the ―if-then‖ rules for the five membership 

functions selected for each of the input error (e) and the change of error (∆e). For the two inputs, only twenty five possible rules 

are possible based on (5*5)=25 ―if-then‖ combinations. 

 
Fig.  8: Fuzzy Logic control rules 
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The fuzzy if-then rules are widespread in our daily linguistic expressions, such as, if the pressure is high, then volume is small. 

Before we can employ fuzzy if-then rules to model and analyze a system, the form of a rule is IF ―antecedent‖ THEN 

―consequent can be formalized, is meant by expression. 

III. SIMULATION ANALYSIS 

A number of simulations of the wind power generation system with the PI controller and Fuzzy Logic Controller were done and 

results analyzed. The simulations carried out using MATLAB software and Simulink tool for the system. The fuzzy logic 

controller block implements a fuzzy inference system (FIS) in simulink. We can take fuzzy systems directly into simulink and 

test them out in a simulation environment. So, we have to tune our fuzzy system. We have three basic methods to tune our fuzzy 

system such as scale of membership functions, mapping of membership function and adjusting rules.The defizzification method 

used for Mamdani‘s fuzzy logic controller is based on the centre of area.  In this study, we focused on only adjusting the 

mapping of membership functions for output membership function. In this study we try to analyze the effect, when we tune 

mapping of membership function until a satisfactory response is obtained. 

 
(a) 

 
(b) 

Fig. 9: (a) The rule viewer of the rotor side gate pulse, (b) The rule viewer of the grid side gate pulse. 
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Fig.9 shows the rule viewer of the rules that we set. From this rule viewer of the rotor side gate pulse, it can be seen that at rule 

number 7 only have an output at the both inputs is zero as shown in Fig.  9 (a). The process tuning will be focusing on zero 

output since the zero output is the starting point of the system response. And from the rule viewer of the grid side gate pulse, the 

rule number 3, 15 show output at both. 

The characteristic waveform of grid interfaced DFIG under steady state condition is observed that the magnitude of supply 

voltage waveform at PCC. The nonlinear load, connected at PCC is drawing load voltage of THD = 5.53%, in order to restrict 

the THD of supply voltage below 5%, the fuzzy logic controller is used. With wind speed variation, the dc link voltage of DFIG 

controller is fairly constant at set value as shown in Fig.  10.It is observed that the value of dc link voltage Vdc (voltage of 

capacitor connected between GSC and RSC) is maintained almost constant (Vdc = 740V) due to control strategy made in grid 

side converter.  

 
Fig. 10: DC link voltage (Vdc) of DFIG with variable wind speed. 

In Fig. 11 compare both the controller methods in case of the total harmonic distortion, when the real sampling period Ts = 

2µs of the controllers are supposed. The compensated harmonics and the line measurable voltage are depicted as well as the dc 

output voltage Vdc. The fuzzy logic controller yield better results than the pi controller, in spite of PI controller parameters tuning 

in accord with this mode. 

 
Fig. 11: (a) Value of THD with PI Controller 
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Fig. 11: (b) Value of THD with Fuzzy Logic Controller 

IV. CONCLUSION 

This study presents the solution for the abetment in harmonics due to doubly fed induction generator for wind power generation. 

With variable speed wind DFIG system, the harmonics distortions are increasing with the presence of nonlinear load, connected 

at PCC. To limit the THD below 5% of IEEE 519, FLC is used to overcome voltage distortion. It is concluded that from the 

simulation results that the fuzzy logic controller performance is satisfactory. Fuzzy logic controller is used to control the PWM 

inverter to ensure complete utilization of the available wind energy. The fuzzy controller uses two real time measurements, the 

error and its rate of change. These inputs are fuzzified, and represented in fuzzy set notations, using linguistic labels 

characterized by membership function, using a set of twenty-five rules, fuzzy set theory and associated fuzzy operation, the 

controllers output is obtained. Fuzzy controller in contrast to the conventional PI controller can take care of the non linearity in 

the control law and hence known to have better performance than PI. The results of simulation also proved that fuzzy logic 

controller gives better performance than other controllers. Controller exhibits better accuracy and robustness to load. 

APPENDIX 

Parameters of DFIG  

Ls = 0.06, Rs = 0.016 pu, Lr = 0.03pu, Rr = 0.15 pu, Lm = 0.35 pu, Vrms = 415V, f = 50 Hz 

Parameters of GSC and RSC 

Vdc = 740V, Cdc = 6000µF, Kp& Ki (GSC) = 0.83 & 5, Kp& Ki (RSC) = 30 & 80, frequency of grid side and rotor side PWM 

carrier = 1780 Hz & 2370 Hz. 
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