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 The capability of low-voltage ride-through (LVRT) of doubly fed induction 

generator (DFIG) has been considered as an essence for grid code 

requirements. Any unbalance on the grid side causes the rotor current of the 

generator to rise which leads to saturate the dc-link of the back-to-back 

converter or even destroy it. To meet this requirement, a dynamic voltage 

restorer (DVR) without dc-link energy storage elements is utilized to 

compensate any disturbance imposed to the DFIG wind turbine system. On 

the time of any disturbance or fault, DFIG and DVR are properly controlled 

in order to compensate the specified faulty phase uninterruptedly. DVR is 

connected in series to the grid and by injecting instantaneous compensating 

voltage, prevents the stator voltage from rapid changing; consequently, the 

rotor side converter can accomplish its normal operation. As voltage dips are 

the most common grid faults subjected to DFIGs, this paper investigates both 

symmetrical and asymmetrical voltage dips caused by grid faults. The 

independent and instantaneous phase voltage compensation, less volume, 

weight, and cost are the merits to utilize the proposed DVR along with DFIG 

wind turbines. PSCAD/EMTDC based simulations verifies the capabilities of 

the proposed technique for the LVRT capability of DFIG. 
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1. INTRODUCTION  

With increasing population, development, and distribution, as well as to keep pace with the growing 

need for new energy sources, more efficient with greater efficiency and with gradually ending fossil fuel, 

different renewable energy sources have been applied to meet these requirements. Among renewable energy 

sources like solar, wind, tidal, biomass and other potential sources wind energy plays a major role and has 

gained the fastest rate growth [1]. Low cost, less environmental effects, high efficiency, its infinite source, no 

greenhouse effect or acid rain are just some merits to consider wind energy as an important renewable wind 

energy. Wind turbines are usually divided into two categories:  

a. Constant speed turbines (or up to 1 % speed) 

b. Also known as fixed-speed Induction generator (FSIG). 

c. Variable speed turbines 

Such as: doubly fed induction generator (DFIG), wound field synchronous generator (WFSG), and 

permanent magnet synchronous generator (PMSG). Nowadays the major wind turbine systems are based on 

variable speed turbines. DFIG based wind turbine system has some advantages over other types which can be 

explained as follows [2-4]: 
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a. The sizes in DFIG have been larger 

b. Their high ability to comply with grid code requirements 

c. The induction generator used in fixed-speed wind turbines consumes reactive power which will 

include in employing capacitor banks 

d. Reduced costs of converter and electromagnetic inference filter 

e. lower electrical and thermal stress 

f. Lower line current 

g. For their constant frequency operating capability 

h. Active and reactive power control ability. 

These features make DFIG the most prominent wind turbine to be employed in power systems. 

These large types of wind turbines are installed in the on-shore and off-shore wind fields for producing 

megawatt power, meanwhile, small scaled power wind turbines are proper for the urban and residential  

areas [5-7]. 

Despite the mentioned merits, when DFIG is subjected to voltage dips it will bring great harm to the 

wind turbine system because the stator flux cannot follow sudden changes and will experience an unexpected 

change, at the same time as rotor keeps rotating and a high slip occurs it will provide condition for 

overvoltage and overcurrent in the rotor circuit. Under these circumstances, the rotor converter could be 

saturated and the control over the converter will be lost; it can also increase the induced electromagnetic 

force of the rotor, damage the converter, and increase the voltage in dc bus or causing oscillation in  

currents [8-12].   

If no countermeasures are taken the wind turbine will trip and be disconnected from the power 

network, but the new grid codes require that wind turbines remain connected to the grid during voltage dips. 

The main objective is to avoid any disconnection of DFIG because of voltage dips. In order to achieve low 

voltage ride-through and protect the vulnerable converter of DFIG from overcurrent and overvoltage, various 

crowbar topologies can be employed [13-15]. The main problem with crowbar is the reactive power drawn 

from the power network which is against the grid code requirements. The final solution relies on using an 

external hardware like dynamic voltage restorer (DVR). Different topologies of DVR are proposed and 

utilized for DFIG-based wind turbine systems [16-19]. These proposed solutions use dc-link energy storage 

element which will result in embedding large capacitor in dc link. These types of DVR increase the cost and 

are not suitable for long time operation and their applications are limited. This paper presents an improved 

solution employing a DVR to achieve LVRT capability of DFIG-based wind turbine system with lower cost, 

less volume, less weight and independent voltage compensation. 

 

 

2. DYNAMIC MODELLING OF DFIG UNDER VOLTAGE DIPS 

A simplified schematic diagram of DFIG is shown in Figure 1. There are some publications 

focusing on the characteristics of DFIG during symmetrical and asymmetrical grid voltage conditions. 

Different types of these unbalance conditions which DFIGs are subjected and the control techniques to 

overcome these problems are presented in several papers [20-28].  This analysis is composed of two parts. In 

the first part normal operation of the DFIG will be analysed and the second part discusses the DFIG under 

voltage dips. 

 

 

Grid
DFIG

 
 

Figure 1. Simplified scheme of a DFIG 
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2.1.  Normal Oeration of DFIG 

Normal operation of DFIG is considered to have constant stator voltage in phase, amplitude and 

frequency the second part refers to the symmetric and asymmetrical voltage dips. The voltage equations of 

the DFIG can be represented by the following two equations: 
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where s
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

and s
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

 are the stator voltage and current space vectors, r
rv


and r
ri


 are the rotor voltage and current 

space vectors and s
s


and r

r


 are stator and rotor flux space vectors, respectively. Equations (1) and (2) are 

represented in  (stator) and DQ (rotor) reference frames respectively; superscripts “ s ” and “ r ” indicate 

that space vectors are referred to stator and rotor reference frames. The stator and rotor flux equations related 

to the currents can be expressed as follows:  

 
s s s
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where sL  and rL are the stator and rotor inductances with mL  being the magnetizing inductance. For the 

purpose of this paper, the park model is applied with the rotor variables referred to the stator. Equations (2) 

and (4) will be rewritten as follows (for simplicity superscripts “ s ” indicating static stator reference frame is 

omitted, so equations 1 and 3 could be ignored of rewriting): 
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where s  is the synchronous angular frequency. The rotor voltage owing to stator voltage can be  

expressed as: 
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This is also the voltage generated by the converter where “ s ” is the slip ( ), msrsrs   , σ is the 

leakage factor, r  and m are the synchronous and electrical angular frequency; respectively. By neglecting 

the resistance rR  and the leakage factor σ (because of their small value), equation (7) will be more simplified: 
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rnv


Is the rotor voltage in which the term ssm VLLs   will be considered as the amplitude of rnv


, from 

Equation  9 it is obvious that the rotor voltage depends on stator voltage and the slip. 

 

 

2.2.  Symmetrical Voltage Dips 

In the steady state, the stator flux is proportional to the stator voltage; that is, under a long enough 

time of voltage dip, the stator voltage will reach to zero and as it is a state variable, it will exponentially 

decrease to zero.  
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Where 0


 is the initial stator flux before the fault and sss RL  is the time constant of the stator. With 

respect to the rotor windings, this voltage rotates reversely with rotor angular frequency m  and has a 

transient time depending on the machine time constant. 
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As the term s1   is relatively small, the amplitude of the voltage will be: 
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The induced voltage on the rotor windings during short circuit is similar to stator voltage due to slip 

constraint range. For super-synchronous speed this voltage can even be higher. Under these short circuit 

conditions the converter should be able to generate voltage equal to maximum voltage stated in (12) that is 

very similar to stator-rated voltage, meaning the higher converter size if not the current will be uncontrolled 

and overcurrent will occur. When generator is subjected to partial voltage dips, Equations (7-12) will have a 

slight change. Supposing generator is operating in normal condition, at a given moment 0tt   voltage 

amplitude changes from 1sV  to 2sV . As fluxes are proportional to stator voltages, two different fluxes 1sf


  

and 2sf


 which are also known as forced and natural fluxes respectively, will appear. As mentioned before, 

the evolution from  1sf


  to 2sf


can’t be discontinuous, in order to guarantee the continuity, a natural flux 

which can induce voltages appears. In partial voltage dips the stator flux consists of two fluxes; forced flux 

which rotates with synchronous angular frequency and the natural flux which is constant 
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Where 2sf


is the forced flux related to stator voltage changing from 1sV  to 2sV  and sn


 is the natural 

flux. Each of the two terms of (13) induces voltage on rotor, the voltage induced by the forced flux is very 

similar to the voltage induced during normal operation that is, an AC voltage which is proportional to slip 

and the stator voltage: 
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rfv


is the voltage induced by the forced flux. On the other hand, the natural flux induces voltage that can be 

calculated from Equation 11: 
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rNv


 is the voltage induced by the natural flux. Due to the small value of s1 , it is possible to rewrite the 

Equation 15: 
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By adding (14) and (16) the induced voltage will be expressed as: 

 

rn rf rNv v v                     (17) 

 

The resultant rotor voltage in a rotor reference frame can be considered as follow: 
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The first term of the previous equation is small and is proportional to the slip and its frequency is the 

difference between the synchronous and the rotor frequencies which will result in low frequency. On the 

other hand, the second term originates from natural flux, its amplitude is noticeable as it is proportional to the 

depth of the dip that is  21 ss VV  and its frequency is the rotor electrical speed m . 

 

 

2.3.  Asymmetrical Voltage Dips 

When a fault like single-line-to ground short circuit occurs; the remaining voltages are not the same 

in the three lines or when short circuits occur between two lines, the phase shift between the three voltages 

will no longer be 
120 . Under these circumstances the faults are considered unbalanced or asymmetrical 

faults. Symmetrical component method is applied to analyse these types of faults. According to this method 

the stator voltage can be decomposed as the sum of the positive and negative voltages. 
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Where 1V  and 2V   are the phasors of positive and negative components of stator voltage space vector. These 

two voltages create positive and negative fluxes respectively which finally leads to induce voltage on the 

rotor which can be written as follow in the rotor reference frame: 
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1rv


 Is proportional to the slip and its frequency is equal to the slip frequency, 2rv


 has higher amplitude 

than 1rv


 and by neglecting “ s ” its frequency could reach twice the grid frequency. On the other hand, 
r
rnv


approximately has the grid frequency. Single phase dip is the most common grid fault. Here, it is assumed 

that short-circuit occurs in phase “ a ” which causes the voltage in this phase to drop. According to the 

symmetrical component method if a voltage dip of depth “ p ” occurs in phase “ a ”; the positive and 

negative voltage components of phase “ a ” cause a negative and positive flux in the stator and also for the 

continuity of the flux, natural flux will appear. The continuity factor along with the initial conditions of the 

fluxes, initial natural flux can be achieved: 
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As Equation 25 is a subtraction of complex numbers, the results depend on the phase of the positive and the 

negative fluxes at 
0t . In addition different rotating directions of the two fluxes cause the phase shift between 

them to change over time. This means that the result of (25) is different and depends on the time the voltage 

dip occurs. To better explain this behaviour, two instants 00 t   and  0 4t T  (T is the grid period) when 

DFIG is exposed to voltage dips are chosen to be analysed. At 0 0t  , at this moment because of aligned 

positive and negative fluxes and their summation which is equal to the flux before the fault, results in zero 

natural flux, so the stator flux remains in the steady state. Equations describing the positive and negative 

fluxes at this moment are (with  ˆ
preV  being the stator voltage before voltage dip): 
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In 0 4t T  at this moment because of the opposed positive and negative fluxes and their destructive 

summation the natural flux initial value is the largest. The initial value of the natural flux can be calculated as 

follow: 
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When a short circuit between two phases occurs, their voltages get closer in value and the voltage of the 

unfaulty phase remains the same if it is assumed that the positive and the negative sequence networks have 

equal impedance. Compared to single-phase, the phase-phase faults cause a larger negative sequence in the 

voltage for the same depth. Just as in single-phase fault, two instants 00 t  and 0 4t T  will be 

considered to calculate the initial natural flux. At 00 t  because of the opposing positive and negative 

fluxes, the largest natural flux arises in the stator which can be expressed by the following equation: 
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At 0 4t T , Equality between the addition of the positive and negative fluxes and prefault flux will result 

in zero natural flux, with no natural flux no induced voltage is induced, that is the rotor voltage is smaller. 

 

 

3. DYNAMIC VOLTAGE RESTORER (DVR) 

To overcome the aforementioned voltage dips problems, DVR can be the best economical  

and technical solution. Several articles on this topic have addressed applying DVRs [16-19, 29]. In the 

previous papers, as mentioned, the existing of energy storage elements in DVR is considered as a 

disadvantage, such as no long time voltage compensating, higher cost and volume, limited application. The 

proposed DVR consists of three independent three-phase to single-phase direct converters which can operate 

independently. As each converter operates independently and the compensation voltage for any faulty phase 

or phases is taken from all three phase or phases, the proposed DVR can operate regardless of the fault type 

and can compensate just the faulty phase (or phases). Moreover, no dc-link results in long time compensation 

and considerable reduction in cost and physical volume. In addition an injection transformer with a turns 

ratio of 1: a  ( a  for grid side), an LC filter, a bypass switch (to bypass the DVR under normal operation) are 

used. Figure 2 shows the schematic diagram of one of the three independent converters, the other two 

converters are the same. The common-emitter antiparallel IGBTs with a diode-pair arrangement have been 

utilized for the purpose of this paper and all these switches are assumed to be ideal. By applying DVR to a 

DFIG, the voltage across the stator becomes: 

 

     s g injv t v t v t                                                                                        (32) 

 

Where  tvs ,  tvg  and  tvinj  are the instantaneous stator, grid and DVR injected voltages, respectively. 

Under normal operations, DVR is bypassed by closing the switch “K”. High frequency pulse width 

modulation is applied to the DVR in order to control the used converters. Each sampling period consists of 

two time intervals maxt and zerot . For example for the  th sampling period of sT : 

 

max
n n

s zeroT t t                                                                                                                    (33) 

 

During zerot  time interval, switches that cause zero voltage generation at the converter output side 

will be turned on and for the maxt , depending on the converter output voltage, switches that cause maximum 

absolute output voltage generation will be turned on, that is, maximum positive voltage if the converter 

output voltage is in its positive half cycle and maximum negative output voltage if the converter output 

voltage is in its negative half cycle. So it can be concluded that in each sampling period, two voltages  maxv  

and 0zerov  will appear in the converter output. To describe the switching procedure, the first phase (“a”) 
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is analysed here, the procedure for the other two phases are the same. Considering Figure 3 and Table 1, 

switching sequence can be achieved: 

 

 

This part is connected 

to the phase “a” of the 

stator of the DFIG

This part is connected 

to the phase “a” of the 

stator of the DFIG

Under voltage dips, this bypass 
switch is opened and DVR 

starts operating

Under voltage dips, this bypass 
switch is opened and DVR 

starts operating

Switch K

Vc

+

-

 
 

Figure 2. One of the three independent converters used in DVR 

 

 

 
 

Figure 3. Modulation method applied to the converters used in DVR [30] 

 

 

Table 1. Different Modes of Operation along with Their Switches States and maxv [30] 

Mode of Operation      
On switches 

           

I, IV            

II, V            

III, VI            

 

 

4. SIMULATION 

In order to validate the efficacy of the proposed DVR system, both symmetrical and asymmetrical 

voltage dips are applied to the DFIG. After applying DVR, simulations verifies the improvements of the 

DFIG operation under symmetrical and asymmetrical voltage dips. As long as the DFIG wind turbine system 

is protected by DVR, overcurrent and overvoltage will decay and the converter of DFIG remains in 

operation. The simulations have been performed by PSCAD/EMTDC and the results show that DFIG can be 

completely protected. the common emitter configuration are considered for the switches which consists of 

two common emitter insulated-gate bipolar transistors(IGBTs) with two antiparallel diodes  and are assumed 
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to be ideal. In the normal operation the stator of the DFIG is connected to the grid through a DVR and its 

voltage is 220      (L-G). The switching frequency of DVR is       and the grid frequency is     . 

Initially, the system is in steady state until a voltage dip occurs in t=1s and recovers in t=1.1s. The passive 

LC filter with damping resistor used in DVR are                and       . For the DFIG part, 

the parameters are indicated in Table 2. 

As the depth of the voltage dip is assumed equal to each phase with no phase jump thus this condition 

can be considered as a three-phase voltage dip. Each phase of the grid is subjected to a voltage dip with depth 

of 40%. Figure 7 illustrates the behaviour of grid voltages, DVR voltage and the stator voltage of the DFIG 

under symmetrical and asymmetrical voltage dips. It can be seen from the figure that voltage dip occurs at 

t=1s and lasts for 0.1s. Stator and rotor currents along with the active and reactive powers of the DFIG wind 

turbine with and without compensation are shown in Figure 8. Applying DVR provides condition for DFIG-

based wind turbines to continue its normal operation while subjected to voltage dips.  

 

 

 
(a) 

 

 
(b) 

 

 
(C) 

 

Figure 7. From top to bottom, grid voltage, DVR injected voltage and stator voltage under 40% of: 

(a)single phase voltage dip, (b) phase-phase voltage dip and (c) three phase voltage dip active  

and reactive power of DFIG 
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(a) 

 
(b) 

 

Figure 8. From top to bottom, stator currents, DFIG active and reactive powers and rotor currents under 

40% of three phase voltage dip: (a) without compensation and (b) with DVR compensation 

 

 

5. CONCLUSION 

A new dynamic LVRT solution for DFIG-based wind turbines is presented. A DVR topology 

without any energy storage element, based on three phase to single phase direct converters is utilized to 

compensate voltage dips that occur in grid networks which cause high currents in the converter of DFIG that 

can saturate or destroy it. The injected voltages of DVR are a combination of the voltages of the three phases 

which result in independent operation of three direct converters and as mentioned, because of no dc-link; 

long-term compensation, a great decrease in cost, weight, and volume is obtained. By applying the DVR, the 

LVRT capability of DFIG-based wind turbines are improved and the stable operation of DFIGs are 

guaranteed. The behaviour of DFIG and DVR under three-phase, phase-phase, and single phase voltage dips 

with the depth of 40% are simulated which show the effectiveness of the DVR system improving the LVRT 

capability of DFIG. 
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