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Abstract—Due  to  its  variable  speed  wind  operation  and  cost 
effectiveness, doubly fed   induction   generator (DFIG) is 
extensively  used  in  wind  power  generation.  However,  DFIG 
based variable speed wind system (VSWS) is vulnerable to power 
grid   disturbances   and   faults.   In   another   hand,   grid   code 
requirements   (GCR)   imposed   by   the   grid   operators   are 
becoming more severe to ensure the low voltage ride through 
(LVRT).   Several   control methods   are   proposed   in   the 
bibliography  to  meet  the  grid  code  requirements  under  fault 
conditions.   In   the   present   study,   an   approach   based   on 
symmetrical components theory in time domain is proposed for a 
grid  connected  wind  system  based  on  DFIG  to  analyse  its 
performances under faulty operation. A theoretical analysis is 
given to explain the proposed method, then, the DFIG behaviour 
under symmetrical and asymmetrical grid faults is investigated. 
Simulation  has  been  carried  out  under  PSIM  software  and 
simulation results are discussed to provide some comments and 
conclusions. 

 
Keywords—  Wind   system,   doubly-fed   induction   generator, 
symmetrical components, Voltage sags, field -oriented control. 

 
I.   INTRODUCTION 

Recently, due to the rise in the demand for electrical energy 
and the necessity to reduce CO2 emissions, the attention soars 
towards  green  energy  integration,  especially  wind  power. 
Among the wind systems, variable speed wind systems based 
on  doubly  fed  induction  generator  (DFIG)  have  drawn 
considerable attention because of its partially rated converters 
and its ability to operate with decoupled active and reactive 
power control [1]-[5]. It has reduced size, weight, losses and, 
consequently, cost compared to full power converter based 
system.   However,   DFIG   based   wind   systems   are   very 
sensitive to grid disturbances, especially to voltage sags [6]. 
Since the low voltage ride through (LVRT) fulfillment for 
wind turbines has become a major requirement all around the 
world, the wind farms connected to grid are required to stay 
connected even during symmetrical or asymmetrical voltage 

sags. Several researches have been carried out to improve the 
LVRT  capacity  of  DFIG  [7]-[10].  Wind  systems  are  also 
expected   to   support   the   grid,   through   reactive   power 
generation, during system faulty period and recovers on to 
maintain the grid stability [11]. The analysis and control of the 
DFIG  under  normal  grid  conditions  and  grid  disturbances 
have  been  widely treated  in  the  literature  [12]-[16].  Many 
authors  have  used  the  symmetrical  components  theory  for 
detection and characterization of voltage sags [17]-[18]. 

This  paper  deals  with  the  behavior  analysis  of  a  DFIG 
based  wind  system  under  symmetrical  and  asymmetrical 
voltage sags using symmetrical components theory [19]. The 
paper  is  structured  as  follows.  Section  II  deals  with  the 
modelling of grid connected variable speed wind system based 
on DFIG in d-q Park reference frame. Section III describes the 
proposed  control  strategies  for  back-to-back  converters.  In 
section IV, instantaneous symmetrical components theory has 
been  introduced  to  analyse  grid  voltage  sags.  Section  V 
describes the faulty behaviour of the DFIG and the impact of 
symmetrical   and   asymmetrical   sags   on   its   operating 
performance. Section VI concludes the paper. 
 

II. SYSTEM DESCRIPTION AND DFIG MODELLING 
The studied system  is a grid connected variable speed wind 

system based on DFIG. The basic configuration of the wind 
system is composed, as shown in Fig.1, of blades, mechanical 
shaft system, gear-box, DFIG, back-to-back converters and 
their control system. The DFIG stator is directly connected to 
the grid and the rotor is linked to the grid through back-to- 
back   converters.   These   controlled   converters   allow   Bi- 
directional  power  flow  between  DFIG  and  the  grid.  A 
common  DC-link  capacitor  is  coupled  between  the  two 
converters to keep the voltage ripples in the dc-link within an 
acceptable range. The purpose of the rotor side converter (RsC) 
is to control both the active and reactive stator powers. The 
main objective of the grid side converter (GsC) control is to 
maintain a constant DC-link voltage, in addition of the control 
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of the power exchanged between the rotor windings and the 
grid. An inductor filter interfaces the GsC with the grid. 

respectively. First, the relationship between the rotor currents 
and the stator powers is obtained to generate the rotor current 
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references.  Then,  the  rotor  currents  are  regulated  through 
closed   control   loops   using   proportional   integrator   PI 
regulators.  The  outputs  of  the  two  current  controllers  are 
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compensated  by  the  corresponding  cross-coupling  terms  to 
form the total voltage signals to apply to the SVM module. 
This module generates the gate control signals to drive the 
RsC. 
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Fig.1  Variable speed wind system based on DFIG 
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Where Rs  and Rr are, respectively, the stator and rotor phase 
resistances, vsd, vsq, vrd  and vrq  are, respectively, the d and q- 
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axes components of stator and   rotor voltages   respectively; 
i and i are the d and q-axes components of stator and 
s (d ,q) r (d ,q) 

rotor  currents respectively;    a n d     are 
s( d ,q ) r( d ,q ) 

electromagnetic flux components; ωs and ωr are, respectively, 
the stator and rotor electrical angular frequencies. 

 
Fig.2  RsC proposed control  

The flux orientation, as shown in Fig.3, is chosen such as 
the  flux  is  aligned  with  d-axis  which  means  q-axis  flux 
componentsq  0 . 

The  active  and  reactive  powers  provided  for  the  grid 
through the stator are defined as: 
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III. SYSTEM CONTROL 
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Fig.3  Flux orientation 
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As shown in Fig.1, the DFIG is fed from both the stator 
side and the rotor side. The control of the system is assured by 

In this synchronous reference frame, the stator and rotor 
fluxes are related to the current by the following equations: 

the  back-to-back  converters  which  consist  of  two  four- 
quadrant PWM converters: the RsC and the GsC. A vector 
control technique is developed for each converter. 

 
A.  Rotor side converter control strategy 

 
The proposed control structure is illustrated in Fig.2 The 

theory of flux oriented control (FOC) has been developed for 
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(7) 

the RsC. This choice is made because under the stator flux 
orientation, the active and reactive powers are decoupled and 
can be controlled via only rotor currents. In other words, rotor 
current direct component and quadrature component can be 
commanded  to  control  stator  reactive  and  active  powers 

Where Ls  and Lr are, respectively, the stator and rotor phase 
inductances, Msr is the magnetizing inductance of the DFIG. 
Rotor current references for regulation loops are expressed by 
(8) and (9) under the assumption that the effect of the stator 
and the rotor resistances are neglected:
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IV. VOLTAGE SAGS ANALYSIS  BASED ON SYMMETRICAL 
COMPONENTS DECOMPOSITION 

 
A.  Symmetrical Components Theory 
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Instantaneous  symmetrical  components  theory  has  been 
introduced by C.L.Fortescue in [19]. This theory is used to 
analyse three-phase systems under symmetrical and 
asymmetrical  conditions.  According  to  C.L.Fortescue,  any  

B.  Grid side converter control strategy 
The proposed control structure for the GsC is depicted in 

Fig.4. The theory of voltage oriented control (VOC) has been 
developed for the GsC. The vector orientation is chosen such 
as the grid voltage vector is aligned with the q-axis. The GsC 
is controlled using two cascade loops. The outer control loop 
controls the DC-link voltage VDC and the reactive power. The 
inner loop controls the line currents iL(d,q).  PI controllers have 

asymmetrical system of n phasors can be decomposed into n-1 
balanced phase systems of different phase sequence and one 
zero sequence system. In each sequence, all phasors are of 
equal magnitude and cophasial. The decomposition results for 
a three-phase system are known as positive, negative and zero 
sequence components. Considering a three-phase system (Xa, 
Xb,  Xc),  it  can  be  expressed  in  terms  of  the  symmetrical 
components as: 

been used for regulation. 
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Where  subscripts  “p”,  “n”  and  “o”  denote  the  positive, 
negative   and   zero   sequence   respectively.   The   positive, 
negative and the zero sequences are defined as follow: 
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In the rotational reference frame linked to the grid voltage, 
the  line  voltages  vLd   and  vLq  are  given  by  the  following 
equations: 

Where  the  operator  “a”  is  defined  by  a  =1 120°  and 
a2 =1 240°. 
It   is   obvious   from   equations   (14)   and   (15)   that   the 
instantaneous value of the negative and zero sequences are 
zero when all the three phases are balanced. 
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B.  Voltage Sags Analysis 
To illustrate the symmetrical component use for analysis of 
signals, the decomposition of symmetrical and asymmetrical 
voltage sags have been simulated under PSIM software and 
simulation results are given in TABLE  I. In the first column,  

Where  Rf   and  Lf   are  the  filter  resistance  and  inductance 
respectively, iL(d,q)  and vg(d,q) are the d and q-axes components 
of the line currents and grid voltages respectively and ωg  is the 
grid angular frequency. The q-axis grid voltage component 
v   0 since the rotational reference frame is linked to the 

gq 
grid  voltage.  The  equations  (10)  and  (11)  allow  the  PI 
controllers design. 

simulation results have been obtained for a 30% symmetrical 
voltage   sag   (three-phase   sag).   In   the   second   column, 
simulation  has  been  conducted  for  a  30%  asymmetrical 
voltage  sag  (single  phase  sag).  A  400V  variable  voltage 
source represents the 50 Hz grid. Per unit values are used for 
the waveforms with a base voltage of 400V. 
Waveforms  of  TABLE I   show  neither  negative  nor  zero 
sequence,  under  symmetrical  sag,  as  expected.  However, 
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during this type of sag, instantaneous value of the positive 
sequence decreases with the sag magnitude. 
The change in the instantaneous value of the negative and zero 
sequences  of  the  three-phase  source,  in  addition  of  the 
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decrease in the instantaneous value of the positive sequence, 
confirms asymmetrical sag occurrence. 
These results confirm that symmetrical components can be 
easily used for voltage sags detection. 

 
TABLE  I 

Voltage sags decomposition 
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Where Pso, Pcos, Psin, Qo, Qcos, Qsin are given by the following 
matrix: 
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Zero sequence components are neglected, since the DFIG is 
considered three-phase three-wire in this paper. 
Oscillations in the powers can easily be analyzed by using the 
equations (16) and (17). If stator voltages are balanced, no 
negative sequence appears in the powers, therefore, vsdn, vsqn, 
isdn, and isqn are null. Consequently, Pscos, Pssin, Qscos  and Qssin 

coefficients are equal to zero and there will be no oscillations 
in the powers. However, if sag occurs, the stator voltages will 
be  unbalanced  and  these  coefficients   will  not  be  null. 
Subsequently,   power   ripples   appear   at   twice   the   grid 
frequency. 
Since the electromagnetic torque is related to the stator power 
by the following equation: 
 

p 
Tem  Ps (18) 

 
s  

Where p is the number of pairs of poles. 
Stator power oscillations lead to torque ripples. That is why it 
is  interesting  to  analyze  oscillations  in  the  powers.  It  is 
obvious that the flux causes oscillations at the grid frequency 
in  the  torque  and  stator  powers.  Additional  oscillations  at 
twice the grid frequency, in the case of asymmetrical sags, are 
caused by the negative sequence. 

Simulation  results  have  been  obtained  for  4kW  system 
with 4-pole doubly fed induction machine Its parameters are 
reported in TABLE   II of the appendix. In Fig.5 and Fig.6, 

 
V. DFIG BEHAVIOUR DURING VOLTAGE SAG BASED ON 

SYMMETRICAL COMPONENTS THEORY 
In  this  section,  to  study  the  DFIG  behaviour  during 

voltage  dips,  the  use  of  symmetrical  components  for  the 
analysis  of  the  DFIG  operation  under  symmetrical  and 
asymmetrical voltage sags has been illustrated. 

Decomposition of the voltages and currents in positive and 
negative  sequences  and  their  introduction  in  stator  powers 
expressions,  equations  (3)  and  (4),  leads  to  the  following 
stator power expressions: 

DFIG responses under a 30% asymmetrical grid voltage sag 
(single phase sag) are presented. The sag occurs at t=0.2 s. 
Per unit values are used for the waveform and the base value 
for power is 4kVA. 

Fig.5 (a), (b), (c) and (d) illustrate stator active power Ps 

and the coefficients of its various components Pso, Pscos, Pssin, 
respectively, while Fig.6 (a), (b), (c) and (d) illustrate stator 
reactive   power   Qs and   the   coefficients   of   its   various 
components Qso, Qscos, Qssin respectively. 
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The  simulations  results  validate  the  theoretical  analysis: 
The different simulation results obtained show that the stator 
power, in absence of sags, will be constant and equal to the 
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VI. CONCLUSIONS 
In this work, the dq dynamic model of the DFIG has been 

presented,  before  continuing  with  the  analysis  of  the  grid 
connected variable speed wind system based on DFIG and 
addresses its control. The innovative contribution of this work 
lies in an original method for DFIG fault behaviour analysis. 
This   method   has   been   used   time   domain   symmetrical 
components  which  decompose  the  steady-state  phasors  of 
three-phase voltage and current systems into a set of positive, 
negative and zero sequences. The findings of this study offer 
deep understanding of the faulty behaviour of the DFIG and 
the  impact  of  symmetrical  and  asymmetrical  sags  on  its 
operating  performance.  Indeed,  the  voltage  sag  will  cause 
transmission   line   voltage   unbalance   as   well   as   powers 
fluctuation akin to double power grid frequency. This severely 
influences the performance of the wind power system and its 
safe  operation.  Moreover,  this  proposed  method  can  be 
applied to detect sags. 

Time (s) 
Fig.5  Active power for DFIG faulty operation 
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