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ABSTRACT 
 The fuzzy logic controller is used in DVR to reduce the THD value of the DFIG Wind 

Turbine system. By placing FLC in the DVR device the fault value make less severe. If a 

voltage dip is detected, the DVR injects the missing voltage until the energy storage is 

completely drained or the voltages have returned to normal voltage levels. By introducing 

crowbar protection to the DFIG system, the continuous reactive power production does not 

allowed. Crowbar minimizes the over currents or over voltages in the RSC during grid faults. 

For 2MW wind turbine system the effective simulation results are investigated.  Index 

Terms—Doubly fed induction generator (DFIG), dynamic voltage restorer (DVR), fuzzy 

logic controller (FLC), rotor side converter (RSC), line side converter (LSC), total harmonic 

distortion (THD). 
  
INTRODUCTION 

       The worldwide concern about the environment has led to increasing interest in 

technologies for generation of renewable electrical energy. Many such energy sources, such 

as wind energy and photovoltaic are now well developed, cost effective and they are widely 

used. The grid codes cover rules considering the fault ride through behavior as well as the 

steady state active power and reactive power production. The actual grid codes stipulate that 

wind farms should contribute to power system control like frequency and voltage control to 

behave similar to conventional power stations. For operation during grid voltage faults it 

becomes clear that grid codes prescribe that wind turbines must stay connected to the grid 

and should support the grid by generating reactive power to support and restore quickly the 

grid voltage after the fault. 

       Wind energy systems based on doubly fed induction generators (DFIGs) have been 

dominantly used in high-power applications since they use power electronic converters with 

ratings less than the rating of the wind turbine generators. Since DFIG is sensitive to grid 

voltage disturbances, it requires additional protection for the rotor side power electronic 

converter for symmetrical and un unsymmetrical voltage dips. Crowbar protection is a 
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resistive network connected to the rotor circuit of the DFIG. When considering grid code 

requirements,   the DFIG draws high short circuit current, this results large amount of 

reactive power drawn from the power circuit when crowbar is activated which is not 

acceptable.  There are several approaches limiting the rotor currents during transient grid 

voltage dip by changing the rotor side converters control without using external protection 

devices. 

         By considering stator flux linkage or by using stator currents, the RSC can be protected 

by feed forward of the faulty stator voltage as reference for the rotor current controllers. The 

DVR has advantages by inserting the DVR in either the medium voltage distribution system 

or in the low voltage distribution system. Different topologies for a DVR are investigated on 

a converter and system level and the protection issues are treated. If a voltage dip is detected 

the DVR injects the missing voltage until the energy storage is completely drained or the 

voltages have returned to normal voltage levels. The control is implemented in a rotating dq-

reference frame, which gives a very good compensation of the positive sequence component 

and a damping of the negative sequence to less than 1/4 of the negative sequence component 

in the supply voltages, and the ability to inject zero sequence components with the chosen       

control method. 

     If an external power electronic device is used to compensate the faulty grid voltage, any 

protection method in the DFIG system can be left out. Such a system is introduced called a 

dynamic voltage restorer (DVR) that is a voltage source converter connected in series to the 

grid to correct faulty line voltages. The advantages of such an external protection device are 

thus the reduced complexity in the DFIG system. The disadvantages are the cost and 

complexity of the DVR. Note that a DVR can be used to protect already installed wind 

turbines that do not provide sufficient fault ride-through behavior or to protect any distributed 

load in a micro grid. The DVR is an effective apparatus to protect sensitive loads from short 

duration voltage dips. The DVR can be inserted both at the low voltage level and at medium 

voltage level. The series connection with the existing supply voltages makes it effective at 

locations where voltage dips are the primary problem. However, the series connection makes 

the protection equipment more complex as well as the continuous conduction losses and 

voltage drop. 

       In this paper, the application of a DVR that is connected to a wind-turbine-driven DFIG 

to allow uninterruptible fault ride through of voltage dips fulfilling the grid code 

requirements is investigated. The DVR can compensate the faulty line voltage, while the 
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DFIG wind turbine can continue its nominal operation as demanded in actual grid codes. A 

detailed 

 
 
analysis of DFIG behavior and DVR control is given below for asymmetrical faults The 

structure is as follows. In Section II, the wind turbine system using a DFIG is described. In 

Section III, the DVR electrical system and control using resonant controllers is described. 

Simulation results for a 2MW wind turbine in Section IV shows the effectiveness of the 

proposed technique in comparison to the low-voltage ride-through of the DFIG using a 

crowbar. A conclusion closes the analysis. 

  DFIG 

The investigated wind turbine system, as shown in Fig. 1, consists of the basic components 

like the turbine, a gear (in most systems), a DFIG, and a back-to-back voltage source 

converter with a dc link. A dc chopper to limit the dc voltage across the dc capacitor and a 

crowbar are included. The back-to-back converter consists of a RSC and a LSC, connected to 

the grid by a line filter to reduce the harmonics caused by the converter. A DVR is included 

to protect the wind turbine from voltage disturbances. Due to the short period of time of 

voltage disturbances, the dynamics of the mechanical part of the turbine will be neglected and 

the mechanical torque brought in by the wind is assumed to be constant. In this section, there 

are four parts namely  

        1. Dynamics of Rotor voltage. 

        2. Crowbar protection. 

                      3. RSC Control. 

                      4. LSC control. 

1. Dynamics of Rotor voltage 

    A precise knowledge about amplitude and frequency of the rotor voltage is necessary to 

design and control the RSC. Therefore, equations for the rotor voltage in normal operation 

and under symmetrical stator voltage dip are derived in the following as in [4]. Afterwards, 

the rotor converter rating is taken into account. From the per-phase equivalent circuit of the 
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DFIG in a static stator-oriented reference frame, the following stator and rotor voltage and 

flux equations can be derived: 

 

                = +                      (1)               

               = + -          (2) 

               +                (3) 

               = +                    (4) 

        where  represent the flux, voltage, and current   vectors, respectively. Subscripts s 

and r denote the stator and rotor quantities,    respectively. Ls =  + and  =  +  

represent the stator and rotor inductance,  is the mutual inductance,  and  are the stator 

and rotor resistances, and Ω is the electrical rotor frequency. 

      By introducing the leakage factor σ = 1− (L2
h/ ), the rotor flux can be described in 

dependence of the rotor current and the   stator flux 

             +              (5) 

By substituting (5) in (2), an equation for the rotor voltage can be obtained 

+    (6) 

which consists of two parts. The first part is caused by the stator flux  that is given in normal 

operation by the constantly rotating vector 

                            =                             (7) 

The second part of (6) is caused by the rotor current . The rotor resistance Rr and the leakage 

factor σ are often small, so the rotor voltage does not differ considerably from the part caused 

by the stator flux. Thus, the amplitude of the rotor voltage in normal condition Vr0 can be 

calculated as 

                                                       (8) 

        where s = 1− (Ω ) = /  describes the slip and  the slip frequency. 

         The rotor voltage induced by the stator flux increases the most during a full symmetrical 

stator voltage dip. Under a symmetrical voltage dip,   the stator voltage is reduced from normal 

amplitude V1 to the faulty amplitude V2 as described in (9) 
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               =                 (9) 

              =   (10) 

   Since the stator flux is a continuous value, it cannot follow   the step function of the 

voltage. The evolution of the stator flux can be derived by solving the differential equation 

(11) (from (1)and (3), assuming  = 0 due to its low influence on the rotor voltage 

   =  -                              (11) 

   The solution consists of two parts. The first part is the steady-state stator flux after the 

voltage dip that is described by  and the second part is the transition of the flux from    

to   that is described by (12) 

                   

                     =  =              (12) 

   Where  is the difference of the stator flux before and after the voltage dip, described by 

(V1 − V2)/j  . Summarizing, the stator flux    is   given by the sum of the two parts 

                  =  +            (13) 

When the dynamic stator flux from (13) is considered in the rotor voltage equation of (6) 

(neglecting and 1/  ), the dynamic behavior of the rotor voltage under symmetrical voltage 

dip is described by (15) 

   =       (14) 

       =    (15) 

  In a reference frame rotating at rotor frequency, the following rotor voltage is obtained: 

      =   (16) 

The results of this analysis show that the rotor voltage during symmetrical voltage dip 

consists of two components. The first part is proportional to the slip and the remaining stator 

voltage; thus, for a deep voltage dip and a slip usually at −0.2,  

it is small. The frequency of the first part is the slip frequency (at a slip of −0.2,  = 10Hz). 

The second part of (16) has a high amplitude at t = 0 proportional to (1 − s) and rotates at the 

electrical rotor frequency Ω (at a slip of −0.2,Ω = 60Hz). The part is decaying exponentially 
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with the stator time constant of . The maximum rotor voltage during symmetrical voltage 

dip will occur at the beginning of the fault (t = 0) and for a full dip (V2 = 0) 

                                       (17) 

   Note that (17) is an approximation of the maximum rotor voltage under the given 

circumstances. The RSC of a DFIG is rated for a part of the stator power, because the rotor 

power is approximately proportional to the slip Pr ≈ s  that is chosen usually between ±0.3. 

The required amplitude of the rotor voltage is probably determined [with Ls ≈ 1 in (8)] by 

                           =                                  (18) 

where  is the stator to rotor turns ratio. The turn’s ratio is usually set at 1/2 or 1/3 in 

practical wind-turbine-driven DFIGs to make full     use of the dc-link voltage and reduce the 

converters current rating. The required dc-link voltage can be determined by 

                          m                               (19) 

where m is the modulation index of the pulse width modulation (PWM) technique. The value 

of the modulation index is 1.0 for the carrier-based sinusoidal PWM and 1.15 for the space 

vector modulation, both without over modulation techniques. The findings of the section 

enhance the understanding of rotor over currents during symmetrical grid voltage dip. Only if 

the RSC can provide a sufficient voltage level, controllability of rotor currents can be 

obtained. If the rotor voltage exceeds the converter voltage, high currents will flow through 

the diodes into the dc-link capacitor, damaging the insulated gate bipolar transistor (IGBT) or 

the dc capacitor. 

 

Crowbar Protection 

          To protect the RSC from tripping due to over currents in the rotor circuit or 

overvoltage in the dc link during grid voltage dips, a crowbar is installed in conventional 

DFIG wind turbines, which is a resistive network that is connected to the rotor windings of 

the DFIG. The crowbar limits the voltages and provides a safe route for the currents by 

bypassing the rotor by a set of resistors. When the crowbar is activated, the RSCs pulses are 

disabled and the machine behaves like a squirrel cage induction machine directly coupled to 

the grid. The magnetization of the machine that was provided by the RSC in nominal 

condition is lost and the machine absorbs a large amount of reactive power from the stator, 

and thus, from the network [9], which can further reduce the voltage level and is not allowed 
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in actual grid codes. Triggering of the crowbar circuit also means high stress to the 

mechanical components of the system as the shaft  

 
Fig. 2. Schematic diagram of DFIG wind turbine and DVR control structure 

and the gear. Detailed analyses on the DFIG behavior during voltage dip and crowbar 

protection can be found in [4]. Thus, from network and machine mechanical point of view, a 

crowbar triggering should be avoided. Anyway, to compare the presented technique here with 

a conventional DFIG wind turbine system protected by a crowbar circuit, simulation results 

including crowbar protection are examined.  Therefore, the crowbar resistance is designed 

here. Crowbar resistances are also designed in [4]. There are two constraints that give an 

upper and a lower limit to the crowbar resistance. As a first constraint, the crowbar resistance 

should be high enough to limit the short-circuit rotor current . As the second constraint, 

the crowbar resistance should be low enough to avoid too high voltage in the rotor circuit. If 

the rotor phase voltage across the crowbar rises above the maximum converter voltage, high 

currents will flow through the anti-parallel diodes of the converter. A crowbar resistance of 

 = 150Rr is used in the simulations. There are approaches limiting the operation time of 

the crowbar to return to normal DFIG operation with active and reactive power control as 

soon as possible like in [6] by injecting a demagnetizing current or in using a threshold 

control. In the laboratory setup, a passive crowbar circuit is used that is triggered by a rotor 

over current. The crowbar can be disabled manually by the user when safe circumstances are 

reestablished. 

 

RSC Control 

    The RSC provides decoupled control of stator active and reactive power. A cascade vector 

control structure with inner current control loops is applied. The overall control structure is 

shown in Fig. 2. When adopting stator-voltage-oriented (SVO) control, a decomposition in d 
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and q components is performed ( = 0). Neglecting the stator resistive voltage drop, the 

stator output active and reactive powers are expressed as 

                                                 (20) 

                                 (21) 

Thus, the stator active and reactive power can be controlled independently, controlling the d 

and q components of the rotor current. Based on  (20) and (21), the outer power control loops 

are designed. 

 

LSC Control 

   The LSC controls the dc voltage  and provides reactive power support. A voltage-

oriented cascade vector control structure with inner current control loops is applied [see Fig. 

2 (right)]. The line current Il can be controlled by adjusting the voltage drop across the line 

inductance  giving the following dynamics: 

                          =                         (22) 

Which is used to design the current controller, while the dc voltage dynamics can be expressed 

by 

                                         (23) 

which is used to design the outer dc voltage control loop, where   is the dc capacitance and 

 and are the dc currents on LSC and  RSC side, respectively. 

 

III. Dynamic Voltage Restorer 

1. Electrical System 

 A DVR is a voltage source converter equipped with a line filter (usually LC type). Usually, a 

coupling transformer is used in series to the grid in order to correct deteriorated line voltages 

to reduce possible problems on a sensitive load or generator. Different transformer-based 

topologies are compared with respect to the number of hardware components, switching 

harmonics, dc-link control, and the ability to inject zero sequence voltages in [9]. Different 

system topologies are investigated in regard to the connection of the dc link and the rating in 

power and voltage. The rating of the DVR system depends mainly on the depth of the voltage 

fault that should be compensated. For voltage sags or swells with zero-phase angle jump, the 

requirement of active power of the DVR is simply given by 
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                                          (24) 

where V1 is the nominal and V2 the faulty line voltage. Note that special focus must be taken 

on voltage faults with phase angle jump that can lead to a higher power rating .When the 

DVR compensates a voltage sag, the active power of the DFIG is partly fed into the grid and 

the DVR system that is dependent of the remaining grid voltage. The active power flowing 

into the DVR charges its dc link. The excess energy must either be delivered to an energy 

storage system or transformed into heat by a dc chopper. Note that for full compensation of a 

full voltage dip, the DVR must be rated for the power of the wind turbine, making the 

solution in economical. Thus, the solution will probably be implemented to fully compensate 

the line voltage during partial voltage dip or swell and to assist during full voltage dip. The 

injection transformers have a great impact on the DVR design. To adapt the DVR dc voltage 

to the compensating voltage, an adequate transformer ratio must be chosen. The design of the 

injection transformers differs from normally used shunt transformers. They must be higher 

rated to avoid possible saturation effects and lower the risk of high inrush currents that must 

be handled by the converter. In practical applications, several security issues must be 

considered. Since the DVR is connected in series to the load, bypass switches across the 

transformers must be included to disconnect the DVR from the load, to protect the converter 

from damage in overload situations. 

2. DVR Control 

     For control of the DVR system, a closed-loop control in a rotating dq reference frame is 

introduced, but identified as unsuitable for the compensation of unsymmetrical grid faults. 

Because the majority of faults on a power system are unbalanced in nature, which results in 

unbalanced voltages, appropriate generation of unsymmetrical compensation voltage 

components by the DVR is an important feature. Thus], stationary-frame controllers for DVR 

implementation are designed to achieve good positive- and negative-sequence voltage 

regulation. The cascade control structure includes inner proportional current controllers. As 

outer voltage controllers proportional + resonant (P+Res) controllers are compared to H∞-

controllers. Multi loop controllers using a similar control structure with outer P+Res voltage 

controllers and inner PID current controllers with filter capacitor voltage feedback. Both 

control structures have good steady-state sinusoidal error tracking of the positive- and 

negative-sequence voltage components. Therefore, P+Res voltage controllers that are 

controlling directly the voltage across the filter capacitors without inner current controllers 

are used here.  
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                          Simulation Parameters 
Symbol            Quantity                           Value 
Uline                Low voltage level (phase-to-phase, rms)         690 V  

                    Line angular frequency                                    2π50 Hz 

            Wind turbibe rated power                                2 MW 

i                          stator to rotor transmission ratio                     1 

n                         Rated mechanical speed                                     1800 r/min 

                    mutual inductance                                              3.7 mH 

                   stator resistance                                                  10mΩ 

   crowbar resistance                                              0.3 Ω 

   
    Simulation of DFIG performance with DVR protection having  P+Resonant controller 
during 37% two–phase voltage dip.  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
                                         t in [s] 
Fig.3  a) Line voltage, Vs [V]. b) DVR voltage, VDVR [V]. 

 c) Stator current, Is [A]. d) RSC current, IRSC [A].  
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e) Crowbar current, Icrowbar [A]. f) Mechanical speed, ωmech [rad/s]. g) Active and Reactive 

power, P,Qs [W,VA]. h) Active and Reactive DVR power, P,QDVR [W,VA]. 

    The controller transfer function expressed in terms of inverter voltage reference  , 

measured filter capacitor voltage  , and filter capacitor voltage reference  is given by 

  (25) 

   where a feed forward of the measured filter capacitor voltage is used. The transfer function 

of the P+Res voltage controller is defined as  

                              (26) 

    Which has been implemented in the discrete form leading to the following transfer 

function: 

                             (27) 

Additionally, an anti windup functionality has been added. 

 

 
Fig Simulation model of DFIG with Dynamic Voltage Restorer   
  IV. Fuzzy Logic Controller 

     Conventionally there are various controllers such as P, PI, PD, PID and P+Resonant  etc., 

in this paper Fuzzy logic controller is used to enhance  the DVR and  DFIG system 

performances. 

     The fuzzification process is concerned with finding a fuzzy representation of non-fuzzy 

input values where it is achieved through application of the Membership Function associated 

with each fuzzy set in the rule input space. A fuzzy set is an extension of a classical set. If X 

is the universe of discourse and its elements are denoted by x, then a fuzzy set A in X is 

defined as a set of ordered pairs. Thus, in mathematical equation: 

                                                A =  

       Where (x) is called the Membership Function (MF) of x in  A. MF is a curve that 

defines how each point in the input space is mapped to a membership value (or degree of 

membership) between 0 and 1. There are several types of MFs such as triangular, trapezoid, 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 10, November 2013 

 

136 
www.jiarm.com 

Gaussian and polynomial. Triangular is the simplest and effective MF since it is formed using 

straight lines. For this, the triangular type of MF is been used. FLC generates the required 

small change for amplitude modulation index to control the magnitude of the injected 

voltage. The centroid defuzzyfication technique was used in this fuzzy controller. 

 
                Fig.. Membership functions for FLC. 

            The rules used for the FLC are chosen as follows: 

             If e is P and De is P, then m is P. 

             If e is P and De is N, then m is Z. 

             If e is N and De is P, then m is Z. 

             If e is N and De is N, then m is N 

 In fuzzy logic controller, mamdani method is used to investigate the performance of DFIG 

wind turbine system. 

 Simulation Results 

    To show the effectiveness of the proposed technique, simulations have been performed using 

MATLAB/Simulink and PLECS for a 2 -MW DFIG wind turbine system and a DVR, as shown 

in Fig. 1. The simulation parameters are given in Table I. The control structure, as shown in 

Fig. 2, is implemented in Simulink, while all power electronic components are modelled in 

PLECS. 

    The system performance of the DFIG is shown in Fig. 4, protected by the conventional 

passive crowbar, and in Fig.3, protected by the DVR during a two-phase 37 % voltage dip of 

100 ms duration [see Figs. 3(a) and 4 (a)]. The DFIG reacts with high stator currents Is , and 

thus, high rotor currents are induced in the rotor circuit. When the rotor currents exceed the 

maximum level, the crowbar is triggered to protect the RSC from over currents IRSC [see Fig. 

4(d) and (e)]. When the voltage level has been re-established and transients have decayed, the 

crowbar can be deactivated, which is not shown here. When the RSC is in operation, the 

machine magnetization is provided by the rotor, but when the crowbar is triggered, the RSC is 

disabled and the machine excitation is shifted to the stator. Thus, reactive power control cannot 

be provided during the voltage dip [see Fig. 4(g)], which is not acceptable when considering 

the grid codes. The machine cannot generate enough torque so that the rotor accelerates, which 
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can lead to disconnection of the turbine due to over speed. The DVR is not activated in the 

simulations, as shown in Fig. 4. 

      When the wind turbine system is protected by the DVR, as shown in Fig. 3, the voltage dip 

can almost be compensated. The DFIG response is much less critical, which means that lower 

stator over currents and rotor over currents are produced so that the crowbar does not have to 

be triggered [see Fig. 3(c)–(e)]. Note that although the stator voltage dip is fairly well-

compensated, a slight distortion in the stator currents (dc components), and thus, disturbed 

rotor currents can be observed. Anyway, the RSC remains in operation and can control stator 

active and reactive power independently. Thus, the speed is kept constant and a reactive power 

production (Qs = 0.5Mvar) during grid fault as demanded in grid codes is performed. Note that 

a communication between DVR and DFIG is necessary. In Fig. (h), the DVR power to 

compensate the voltage dip is shown. It becomes clear that the active and reactive power that 

cannot be fed into the faulty grid during grid fault must be consumed by the DVR 
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                                              t in [s] 

Fig. 4  Simulation of DFIG performance with crowbar protection during 37%  two–phase voltage dip 
.  Fig. a) Line voltage, Vs [V].  b) Stator current, Is [A]. 

c) DVR voltage, VDVR [V]. d) RSC current, IRSC [A].  
e) Crowbar current, Icrowbar [A]. f) Mechanical speed, ωmech [rad/s].  
g) Active and Reactive power, P,Qs [W,VA].  
h) Active and Reactive DVR power, P,QDVR [W,VA]. 
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 Fig..5 Simulation of DFIG performance with DVR protection having  Fuzzy Logic controller during 
37% two–phase voltage dip. 
Fig. a) Line voltage, Vs [V].  
 b) Stator current, Is [A]. 

   c) DVR voltage, VDVR [V].   
  d) RSC current, IRSC [A].  
   e) Crowbar current, Icrowbar [A].    
   f) Mechanical speed, ωmech [rad/s].  
   g) Active and Reactive power, P,Qs [W,VA].  
   h) Active and Reactive DVR power, P,QDVR [W,VA]. 
 
 

CONCLUSION 

 The fuzzy logic controller is used in DVR device which results the total harmonic 

distortion is reduce to 0.07%, where as in crowbar protection the THD value is 4.19% and in 

P+Res controller using DVR is 2.03%.The results of this investigation show that the DVR 

can fully protect the DFIG system from asymmetrical grid voltage faults to allow 

uninterruptible low-voltage ride-through. One can conclude that the DVR can compensate 

voltage dips and swells of symmetrical and asymmetrical nature to allow a low- or high 

voltage ride-through for any distributed load. The application of a DVR connected  to a wind-

turbine-driven DFIG to allow uninterruptible fault ride-through of grid voltage faults is 

investigated. The DVR can compensate the faulty line voltage, while the DFIG wind turbine 

can continue its nominal operation and fulfil any grid code requirement without the need  for 

additional protection methods. The DVR can be used to protect already installed wind turbines 

that do not provide sufficient fault ride-through behavior or to protect any distributed load in  

a micro grid. DVR can be controlled by FUZZY controller and it can be designed and 

presented as extension for this paper. Simulation results for a 2 MW wind turbine under an 

asymmetrical two-phase grid fault show the effectiveness of the proposed technique in 

comparison to the low-voltage ride- through of the DFIG using a crowbar where continuous 

reactive  power production is problematic. 
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