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 Voltage dips are brief but frequent disturbances that can be defined as the 

most important problem affecting all electrical grids, it cannot be completely 

avoided and represent the main priority for the industry. This study remains 

part of monitoring the quality of electrical energy’s field. Its aim is to apply 

two approaches signals for improving the failure recognition in wind turbine 

conversion chain. One is based on the combination of spectral analysis of 

stator current by fast Fourier transform and Lissajous curves technique of 

grid currents. The second approach is based on the stator current analysis by 

discrete wavelet transform which is considered an ideal tool for this purpose 

due to its time-frequency localization. These defects diagnosis methods have 

shown their efficiency in detection, visualization and analysis of voltage dips 

in order to develop a control strategy for a wind turbine requiring continuity 

of its service despite the presence of voltage dips. 
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1. INTRODUCTION 

No power grid is immune to unwanted disturbances such as voltage dips which are a random and 

unpredictable phenomenon. A voltage dip is defined as a sudden drop of 10% or more of nominal voltage, 

affecting one or more phases, lasting between eight milliseconds (half a cycle) and one minute [1]. Most 

voltage dips result from short circuits caused by meteorological phenomena (lightning strikes, tearing of lines 

during storms), by starting of high power motors [2], by damage to electric cables during road works, by the 

presence of animals or by hardware failures [3]. The causes of voltage dips are therefore diverse and 

multiple. As for the wind turbines, a voltage dip can lead to the sudden disconnection of the wind power 

generators, causing a production deficit and a loss of electric grid stability. Indeed, a wind turbine based on 

the doubly fed induction generator (DFIG), Figure 1 [4], its stator is directly connected to the grid, therefore, 

a voltage dip will cause an increase in the stator current. Due to the magnetic coupling between stator and 

rotor, the fault current will flow through the rotor and its power converter. This causes an over-current in the 

rotor [5], thus forcing the protection systems to disconnect the wind turbine generator and an instability in the 

electric power production. In order to avoid this problem, maintenance of wind power generation even in 

disturbed regime, must be ensured. This is possible by designing and sizing controllers capable of 

maintaining connection to the grid even in the presence of grid faults. The aim of our research is to improve 

the performance of wind power systems in the case of a disrupted grid. Emphasis is on detecting, identifying 

voltage dips [6], [7], and developing strategies for advanced control with protection systems of the wind turbine 

conversion chain, in order to satisfy the constraint of remaining connected during a voltage dip [3], [8]. Several 

https://creativecommons.org/licenses/by-sa/4.0/
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methods of voltage dips diagnosis have been developed, [6], [9], [10]. However some methods allow only some 

voltage dips classification [6]. Others do not allow estimating the parameters characterizing the voltage dip [9]. 

These parameters are of a great use especially for a possible correction in real time.  

In this paper, two techniques are used for detecting and characterizing three types of voltage dips. 

One is based on grouping of fast Fourier transform (FFT) analysis of stator current and Lissajous curves of 

grid currents. The second technique is founded from applying the discrete wavelet transform (DWT) for 

analyzing the stator current. For this purpose, the modeling of a non-defected wind conversion system, based 

on mathematic model and created in Matlab simulink, is firstly presented, secondly, an indirect stator field 

vector oriented control is applied to obtain the wind system performance. After that, diagnosis methods were 

required for extracting appropriate features related to the defect. The FFT analyzer convert the signals from 

the time domain to the frequency domain, while the DWT can accurately locate frequencies and their exact 

time locations. Therefore, it can detect unexpected transient changes that might occur in any steady state due 

to its time-frequency decomposition. To FFT spectrums of stator current were associated Lissajous curves 

formed of Concordia components of grid currents which has been tested and approved previously in [11]. 

Simulation results curried out for non-defected and defected operation show the effectiveness of the proposed 

methods.  
 

 

 
 

Figure 1. System configuration of the DFIG based wind turbine 
 

 

2. WIND TURBINE MODELING 

The expression of the mechanical power recovered by the turbine [12] is: 
 

𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =
1

2
 × 𝐶p(λ, β)×ρ × π × 𝑅2 × 𝑣3 (1) 

 

Where λ is defined by: 
 

λ = 
𝛺×𝑅

𝑣
  (2) 

 

With 𝑅, is the aerogenerator radius, 𝜌 is the air density, 1.225 kg/m3; 𝑣 is the wind speed, 𝛺 is the angular speed of 

the blade, 𝜆 is the tip-speed ratio, 𝛽 is the pitch angle, and 𝐶p is the coefficient of power. This coefficient has a 

theoretical limit, called the Betz limit, equal to 0.593 and which is never reached in practice [13]. The aerodynamic 

torque is [14]: 
 

𝐶𝑎𝑒𝑟𝑜 = 
𝑃𝑡𝑢𝑟𝑏𝑖𝑛𝑒

Ω
=

1

2

𝐶𝑝 ×𝜌×𝜋×𝑅
2 ×𝑉3

Ω
 (3) 

 

The multiplier adapts the slow speed of the blades to the fast speed of the machine by the gain 𝐺. 

The mechanical torque 𝐶𝑚  and the speed of the machine 𝛺𝑟 are expressed respectively in (4) and (5). 
 

𝐶𝑚 = 𝐶𝑎𝑒𝑟𝑜/𝐺  (4) 
 

Ω𝑟 = 𝐺 × Ω  (5) 
 

The dynamic equation is given by: 
 

𝐽
𝑑Ω𝑟

𝑑𝑡
= 𝐶𝑚 − 𝐶𝑒𝑚 − 𝐶𝑣𝑖𝑠 = 𝐶𝑚 − 𝐶𝑒𝑚 − 𝑓 × Ω𝑟 (6) 
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Where 𝐽 is the total inertia that appears on the generator shaft, 𝑝 is the number of pole pairs,  𝛺𝑟  is the 

electrical angular speed of the rotor, 𝐶𝑒𝑚 is the electromagnetic torque, 𝐶𝑣𝑖𝑠 is the viscous friction torque and 

𝑓 is the coefficient of viscous friction. 

 

 

3. MODELING OF DOUBLY FED INDUCTION GENERATOR 

The asynchronous machine mathematical model in Park reference frame (𝑑, 𝑞) is given by [15]. 
 

{
𝑉𝑠𝑑 = 𝑅𝑠 × 𝐼𝑠𝑑 +

𝑑

𝑑𝑡
(𝜑𝑠𝑑) − 𝜔𝑠 × 𝜑𝑠𝑞

𝑉𝑠𝑞 = 𝑅𝑠 × 𝐼𝑠𝑞 +
𝑑

𝑑𝑡
(𝜑𝑠𝑞) + 𝜔𝑠 × 𝜑𝑠𝑑

  

{
𝑉𝑟𝑑 = 𝑅𝑟 × 𝐼𝑟𝑑 +

𝑑

𝑑𝑡
(𝜑𝑟𝑑) − 𝜔𝑟 × 𝜑𝑟𝑞

𝑉𝑟𝑞 = 𝑅𝑟 × 𝐼𝑟𝑞 +
𝑑

𝑑𝑡
(𝜑𝑟𝑞) + 𝜔𝑟 × 𝜑𝑟𝑑

 (7) 

 

The electromagnetic torque equation is: 
 

𝐶𝑒𝑚 = 𝑝 (𝜑𝑠𝑑 × 𝐼𝑠𝑞 − 𝜑𝑠𝑞 × 𝐼𝑠𝑑) (8) 
 

Where respectively: 𝑉𝑠(𝑑, 𝑞), 𝑉𝑟(𝑑, 𝑞) are stator and rotor voltage Park components; 𝜑𝑠(𝑑, 𝑞), 𝜑𝑟(𝑑, 𝑞) are 

stator and rotor flux Park components; 𝐼𝑠(𝑑, 𝑞), 𝐼𝑟(𝑑, 𝑞) are stator and rotor currents Park components; 

𝑅𝑠 , 𝑅𝑟 are stator and rotor resistances and 𝜔𝑠, 𝜔𝑟 are stator and rotor electrical pulse.  

 

 

4. FIELD ORIENTED CONTROL 

A two-phase reference frame (𝑑, 𝑞) linked to the rotating field is chosen. The stator flux is oriented 

along the direct axis. So, we can write: 
 

{
𝜑𝑑𝑠 = 𝜑𝑠
𝜑𝑞𝑠 = 0

  

𝐶𝑒𝑚 = 𝑝𝜑𝑠. 𝐼𝑞𝑠 (9) 
 

Stator active and reactive powers can be written as (10), where: 𝑀 is the maximum mutual inductance 

between stator and rotor stage. 
 

{
𝑃𝑠 = −

𝑉𝑠×𝑀 

𝐿𝑠
× 𝐼𝑞𝑟

𝑄𝑠 = −
𝑉𝑠×𝑀 

𝐿𝑠
× 𝐼𝑑𝑟 +

𝑉𝑠×𝜑𝑠

𝐿𝑠

 (10) 

 

 

5. DEFINITION OF THREE TYPES OF VOLTAGE DIPS 

The main characteristics of electrical voltage dips are their amplitude and phase [1], [5]. Thus, they 

can be represented by vectors so-called phasors [16], [17]. The relationship between these phasors is called 

the signature or type of the voltage dip. 

There are two general types of voltage dips that can affect wind turbines: voltage dips without phase 

shift and voltage dips that are accompanied by a phase shift affecting one or more phases. In this paper, 

we limit our study to presenting the simulation results of voltage dips without phase shift Table 1 namely:  

− Voltage dips due to three-phase faults, present voltage drops of the same depth on all three phases 

without additional phase shifts. 

− Voltage dips due to a fault between two phases and earth, which causes the voltage drop of two phases, 

while the third remains unchanged. 

− Voltage dips due to single-phase faults present a voltage drop over a single phase without additional 

phase shifts. 

Where in Table 1, 𝑉 is the maximum value of the electric voltage amplitude, 𝑚 is the voltage dip value and 𝑑 is 

the voltage dip depth. The mathematical expressions 𝑉𝑘 𝑘 ∈ (𝑎, 𝑏, 𝑐) relate to the three components of each 

signature. As these different scenarios show, voltage dips are caused by an imbalance affecting the 

amplitude. Note that their signature can be modified by transformers located within the grid [18]. 
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6. COMBINAITION OF FAST FOURIER TRANSFORM AND LISSAJOUS CURVES 

Usually, when a voltage dip occurs in the grid, wind turbine is disconnected to avoid loss of 

structure. However, for large wind energy capacity, disconnection from the grid could cause problems. Hence 

the necessity of induction generator monitoring and online diagnosis in order to resolve this problem. Among 

the online diagnostic methods [19], those based on the stator current such as the Park vector [20], [21] or its 

spectrum [22], [23] or their combination [24]. In this part, an approach for detecting and characterizing three 

types of voltage dips is presented. It is based on association of FFT and Lissajous curves. 

The shapes obtained from Lissajous curves are used to indicate the presence of a voltage dip and to 

distinguish the affected cases. The method to get Lissajous curves of three phase currents has been explained 

in detail in [11], [25]. Whereas the FFT enables a conversion of a signal from its original domain to a 

representation in the frequency domain. The FFT estimate the fundamental of the main supply frequency and 

present harmonic contents of one phase of stator current waveform which can be measured as total harmonic 

distortion (THD). The resulting spectrums offer a source of defects information. 
 
 

Table1. Classification of the three types of voltage dips 
Signature Equations Origin 

   

 {
 
 

 
 

 

𝑉𝑎 =
𝑚𝑉

2
(𝑒𝑗𝜃 + 𝑒−𝑗𝜃)

𝑉𝑏 =
𝑚𝑉

2
(𝑒𝑗(𝜃−

2𝜋
3 ) + 𝑒−𝑗(𝜃−

2𝜋
3 ))

𝑉𝑐 =
𝑚𝑉

2
(𝑒𝑗(𝜃−

4𝜋
3 ) + 𝑒−𝑗(𝜃−

4𝜋
3 ))

 

Three-phase fault 

 {
 
 

 
 𝑉𝑎 =

𝑉

2
(𝑒𝑗𝜃 + 𝑒−𝑗𝜃)

𝑉𝑏 =
𝑚𝑉

2
(𝑒𝑗(𝜃−

2𝜋
3 ) + 𝑒−𝑗(𝜃−

2𝜋
3 ))

𝑉𝑐 =
𝑚𝑉

2
(𝑒𝑗(𝜃−

4𝜋
3 ) + 𝑒−𝑗(𝜃−

4𝜋
3 ))

 

Fault between two phases and the ground 

 {
 
 

 
 𝑉𝑎 =

𝑚𝑉

2
(𝑒𝑗𝜃 + 𝑒−𝑗𝜃)

𝑉𝑏 =
𝑉

2
(𝑒𝑗(𝜃−

2𝜋
3
) + 𝑒−𝑗(𝜃−

2𝜋
3
))

𝑉𝑐 =
𝑉

2
(𝑒𝑗(𝜃−

4𝜋
3 ) + 𝑒−𝑗(𝜃−

4𝜋
3 ))

 

Single phase fault 

   

 

 

6.1.  Simulations results of free-defects operation  

The results presented below are displayed using the Matlab graphical interface. Figure 2(a) and 

Figure 2(b) represent respectively the grid currents Lisssajous curves and the FFT diagram of the stator 

current during healthy operation. These cases are a reference to which voltage dips diagnosis cases are 

compared. 

The Lissajous curve of the grid currents Concordia components, as shown in Figure 2(a), has a 

circular shape more concentrated on its outline. As depicted in Figure 2(b), the fundamental of the signal is 

802.7 at 50 Hz and the total harmonic distortion THD content is equal to 7.73%. In addition, harmonics are 

detected at a frequency equal to 100 Hz, its amplitude equal 0.5% of the amplitude of the fundamental. There 

are also current components around the main supply frequency component at a low frequency and having low 

amplitude. These harmonics result from the type of converter control implemented in the system. 
 

 

  
  

(a) (b) 
 

Figure 2. Currents graphical analysis based on (a) Lissajous curves of grid currents and (b) FFT diagram of 

stator current 
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6.2.  Simulations results of faulty operation  

In our simulation, we first started our system in free-defects operation. Then we caused different 

types of voltage dips. Note that we have simulated, for each type of fault, three possible specific cases 

namely: voltage dip of 25%, 50%, and 75% of the nominal voltage. The voltage dip is created by modifying 

the parameters of the block called “three-phase programmable voltage source”. Thus, we have programmed 

the percentage of the voltage dip provoked, its tripping time at 𝑡 = 1.5 s and the fault duration at 1 second. 

a) Single-phase fault 

In the presence of this type of fault, as shown in Figure 3(a), Figure 3(b), and Figure 3(c), we notice 

the generation of a circle inside the main circular shape characterizing the Lissajous curves of the grid 

currents. The interior circle becomes an ellipse whose small axis diameter change according to the percentage 

of the applied single-phase voltage dip. The smaller the single-phase voltage dip percentage is, the larger is 

the axis diameter and the closer is the ellipse to the circular shape in the case of free defects operation. 

In case of a single-phase voltage dip of 25% of the nominal voltage, Figure 4(a), the amplitude of the 

fundamental reaches 816.8 at 50 Hz, we note that in addition to the harmonics at frequencies equal to 100 Hz 

(case of healthy state), the appearance of new harmonics at 150 Hz (three times the induction generator supply 

frequency). Its amplitude equal 2%. This peak is surrounded by other peaks less important that have low 

amplitude. Here THD increased from 7.73% in healthy state to 9.43% in this faulty state case. 

Figure 4(b) shows the curve of stator current spectrum in case of voltage dip of 50%. The peak’s 

amplitude at 50 Hz reaches 969.7. Instead of 0.5% found in healthy operation, the amplitude at 100 Hz has 

increased to 25% of the value of the fundamental. Two other important peaks appear at frequencies equal to 

150 Hz and 200 Hz. Their amplitudes reach 12% and 8% of the fundamental value respectively. In addition, 

THD hugely increased from 7.73% in normal generator operating condition to 81.63% in generator failure. 

In presence of single-phase voltage dip of 75% of the nominal voltage, Figure 4(c), different important 

peaks appear, the second, the third and the fourth order harmonic had increased to 90%, 35%, and 36% of the 

fundamental respectively. Two other new peaks appear at frequencies equal to 250 Hz and 300 Hz. Their 

amplitudes reach 15% and 12% of the fundamental respectively. Here the amplitude of the fundamental is 

517.9; the THD has increased to 209.9% instead of 81.63% found in previous case. Indeed, a higher THD 

means an increase in temperature at the level of the generator and the appearance of current peaks. 

b) Fault between two phases and the ground 

In the presence of this type of fault, as shown in Figure 5, we notice the generation of a new shape 

inside the main circular shape characterizing the Lissajous curves of the grid currents. This generated shape 

changes depending on the percentage of the applied voltage dip. A voltage dip of 25% of nominal voltage in 

Figure 5(a) has, as a result, an interior circle with large diameter closer to the circular shape previously 

presented in the case of free defects operation. A voltage dip of 50% result, Figure 5(b), has the shape of an 

ellipse. In Figure 5(c), a 75% voltage dip result has the shape of a sharp eye sides.  

Figure 6(a) shows the stator currents spectrum in case of voltage dip of 25%. It contains one peak at 

a frequency equal to 50 Hz the main supply frequency, its spectrum amplitude reaches 735.7. There are also 

two remarkable peaks appearing at 200 Hz and 300 Hz. Their amplitude equal 1.5% and 0.8% of the 

fundamental respectively. The THD increased from 7.73% (healthy state) to 13.9% in generator failure. 

Equal to that in frequency of 100 Hz, reaches 10% of the fundamental. Here the amplitude of the 

fundamental is 483.5 and the THD has increased to 234.31% instead of 93.62% found in previous case. 

In the presence of voltage dip of 50% Figure 6(b), the peak’s amplitude at 50 Hz reaches 762.3. 

The magnitude percentages at 200 Hz and 300 Hz had increased to 6% and 4% respectively. Two other 

important peaks appear at frequencies equal to 100 Hz and 150 Hz. Their amplitudes both reach 14% of the 

fundamental value. In addition, THD has hugely increased from 7.73% in healthy state to 93.62% in this 

faulty state case. 

In the case of voltage dip of 75% Figure 6(c), important peaks appear. The third order harmonic at 

150 Hz has increased to 25% of the fundamental. The fifth order harmonics is also characterized by the 

presence of another peak at 250 Hz (five times the induction generator supply frequency). Its magnitude 

percentage, equal to that in frequency of 100 Hz, reaches 10% of the fundamental. Here the amplitude of the 

fundamental is 483.5 and the THD has increased to 234.31% instead of 93.62% found in previous case. 

c) Three-phase fault  

In case of presence of this type of fault, as shown in Figure 7, we notice the generation of a new 

circle inside the main circular shape characterizing the Lissajous curves of the grid currents. The diameter of 

this generated circle changes depending on the percentage of the applied fault. A voltage dip of 25% has, as 

result, a larger diameter circle, Figure 7(a), closer to the circular shape previously presented (healthy 

operation). A voltage dip of 50% of nominal voltage result, Figure 7(b), has a smaller diameter circle but 

bigger than the one in the case of a 75% voltage dip in Figure 7(c) which depict the smallest diameter.  
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In presence of three-phase voltage dip of 25%, Figure 8(a) the stator current spectrum contains one 

peak at 50 Hz, the doubly fed induction machine supply frequency. Its amplitude reaches 756.4. THD 

increased from 7.73% (healthy state) to 19.07% in generator failure. 

Figure 8(b) shows the stator currents spectrum in case of voltage dip of 50%. We note decreasing in 

the main peak’s amplitude that reaches 625.8 at 50 Hz. New peaks appear at 100 Hz, 150 Hz, 200 Hz, and 

250 Hz. Their magnitude percentage represents respectively 20%, 7%, 5%, and 3%. In addition, the harmonic 

distortion has hugely increased from 7.73% (normal operating) to 135.43% in generator failure.  

In presence of a three-phase voltage dip of 25% of nominal voltage, Figure 8(c), we note decreasing 

in the main peak’s amplitude that reaches 477.7 at 50 Hz different, also the second, the third and the fourth 

order harmonic had increased to 25% (100 Hz), 10% (150 Hz) and 10% (200 Hz) of the fundamental 

respectively. Here the THD has increased to 277.78% instead of 135.43% found in previous case. 

 

 

 

 

   
   

(a) (b) (c) 

   

Figure 3. Lissajous curves of grid currents in the presence of a single-phase voltage dip of (a) 25%, (b) 50%, 

and (c) 75% of the nominal voltage 

 

 

  
  

(a) (b) 
  

  

 
 

(c) 
 

 

Figure 4. FFT diagrams of stator current in the presence of a single-phase voltage dip of (a) 25%, (b) 50%, 

and (c) 75% of the nominal voltage 
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(a) (b) (c) 

   

Figure 5. Lissajous curves of grid currents in the presence of three cases of fault between two phases and the 

ground (a) 25%, (b) 50%, and (c) 75% 

 

 

   
 

Figure 6. FFT diagrams of stator current in the presence of three cases of fault between two phases and the 

ground (a) 25%, (b) 50%, and (c) 75% 

 

 

   
   

(a) (b) (c) 

   

Figure 7. Lissajous curves of grid currents in the presence of three-phase voltage dip of (a) 25%, (b) 50%, 

and (c) 75% of the nominal voltage 

 

 

   
   

(a) (b) (c) 

   
 

Figure 8. FFT diagrams of stator current in the presence of three-phase voltage dip of (a) 25%, (b) 50%, and 

(c) 75% of the nominal voltage 
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7. The Discrete Wavelet Transform  

The DWT is considered as one of the powerful techniques in the fault diagnosis field. It provides 

time frequency representation of a stationary signal as well as non-stationary signal with better time 

resolution than any other signal processing methods like the Fourier transform. 

The discrete wavelet transform can approximate a signal successively with different scales. 

The discrete signal passes through n high-pass filters and low-pass filters in the time-domain together with 

changes in sampling rates. Each step of the signal decomposition corresponds to a certain resolution. To each 

of the wavelet scales corresponds a frequency band [26] expressed by (11), where 𝑓 is the upper frequency 

limit of the frequency band represented by decomposition level 𝑚, 𝑓𝑠 is the sampling frequency, and 2𝑛 is the 

data points number in the signal. These bands cannot be changed unless a new acquisition with different 

sampling frequency is performed. 
 

𝑓 = 2(𝑛−𝑚)(
𝑓𝑠

2𝑛
) (11) 

 

The proposed method has shown its effectiveness in several fields like diagnostic of mechanical 

faults [27], [28] as well as electrical faults [29]–[31] attacking induction machines. With its ability to more 

coarsely discretized scales, DWT has proven efficient in compressing and denoising signals and images [32], [33] 

while preserving important features. Discrete wavelet transforms can be used also to perform multiresolution 

analysis and split signals into physically meaningful and interpretable components [34], [35]. 
 

7.1.  Application of the DWT 

In order to avoid the loss of important information for fault detection analysis, the stator current was 

sampled at 4 kHz, i.e. 4000 samples/s, note that the supply frequency is 50 Hz, this gives us 600,000 samples 

obtained at a measured time of 3 s. The total decomposition levels (L) can be calculated according to (12). 

When (12) is applied at a sampling frequency of 4 kHz, an 8-level decomposition occurs. For a better 

performance analysis, we choose to decompose our signal to 10 levels as shown in Table 2. 
 

𝐿 ≥
𝑙𝑜𝑔(

𝑓𝑠
𝑓
)

𝑙𝑜𝑔(2)
+ 1 (12) 

 

 

Table 2. Frequency levels of wavelet coefficients 
Level Frequency bands (Hz) Level Frequency bands (Hz) 

d1 
d2 

d3 

d4 
d5 

d6 

[2000 − 4000] 

[1000 − 2000] 

[500.0 − 1000] 

[250.0 − 500.0] 

[125.0 − 250.0] 

[62.50 − 125.0] 

d7 
d8 

d9 

d10 
a10 

[31.25 − 62.50] 

[15.62 − 31.25] 

[7.81 − 15.62] 

[3.90 − 7.81] 

[0.0 − 3.90] 

 
 

7.2.  Simulation results of free-defects operation 

For the extraction of defect components, after development of several tests, a great variety of 

wavelet families can give satisfying results. In our case study, we have used Daubechies-44 as the mother 

wavelet for the discrete wavelet transform analysis. It is also commonly employed as the mother function to 

avoid low-level overlap with adjacent bands. A higher wavelet order introduces better signal accuracy.  

As shown in Figure 9, the upper-level signal a10 (approximation) reproduces the analyzed stator 

current. Signals a10, d10 and d9 (details) do not show any significant variation, apart from the initial 

oscillations that last only few cycles. Therefore, the harmonic associated with voltage dips is not present in 

this situation. This healthy state case is a reference to which the faulty cases will be compared to.  
 

 

 
 

Figure 9. the DWT of the stator current in free defects operation 
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7.3.  Simulation results of faulty operation  

One phase of stator current is used as the input to the wavelet circuit. Note that we have already 

specified the fault tripping time at 𝑡 = 1.5 s and its duration at 1 second. The percentage of the voltage dip 

caused was limited to three cases of 25%, 50%, and 75% of the nominal voltage. 

a) Single-phase fault 

In presence of a single-phase voltage dip of 25% of the nominal voltage, as shown in Figure 10(a), 

a significant increase, if compared with the free defects operation, appears in the energy of the upper-level 

signal d10 (detail) after 3×105 samples corresponding to 𝑡 = 1.5 seconds, which is exactly the tripping time 

chosen for the voltage dip. Its amplitude varies between 50 and 100 and lasts from 1.5 s to 2.5 s, with 

appearance of one peak at 𝑡 = 1.8 s of an amplitude of 200. The oscillations in this detail signal are due to the 

evolution of the fault frequency component. These oscillations follow a sequence which is a function of the 

fault frequency evolution on FFT based method. 

Figure 10(b) shows the DWT results in presence of single-phase voltage dip of 50%. Significant 

variations appear in the energy of the upper-level signal a10 (approximation) from 𝑡 = 1.5 s to 𝑡 = 2.5 s with an 

amplitude varying between 500 and 2000. More oscillations are detected at details d10 starting from 𝑡 = 1.5 s 

with an amplitude of 200 until 𝑡 = 1.8 s where the oscillation amplitude increase to 700 and keep varying 

between 500 and 700 until 𝑡 = 2.5 s. The detail signal d9 also displays two multiple variations. From 𝑡 = 1.5 s 

to 𝑡 = 1.8 s, the amplitude attends 50. At 𝑡 = 1.8 s these oscillations increase and vary between 200 and 400 

until 𝑡 = 3 s. 

In case of single-phase voltage dip of 75%, Figure 10(c), oscillations can be noticed from 𝑡 = 1.5 s 

in all approximation and details signals. At a10, oscillations vary in amplitude between 1000 and 2000 and 

lasts until 𝑡 = 2.5 s where they represent a peak of 5000 in the energy. Details d10 and d9 present the same 

variation and have different amplitude and width starting at 𝑡 = 1.5 s with an amplitude of 250 and 150 

respectively. From 𝑡 = 1.8 s to 𝑡 = 3 s, variations vary between an amplitude of 700 and 1500 at d10 and 

between 300 and 600 at d9. From this, it can be concluded that the information provided by the DWT method 

can complement that given by the classical approach, based on FFT analysis, to reach a more accurate 

detection (time). 
 

 

 
 

(a) 
 

 
 

(b) 
 

 
 

(c) 
 

Figure 10. The DWT of the stator current in case of single-phase voltage dip of (a) 25%, (b) 50% and (c) 75% 
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b) Fault between two phases and the ground  

The Figure 11 display DWT results of stator one phase current during this faulty operation. In the 

case of voltage dip of 25%, Figure 11(a), the upper order wavelet signal d10 (detail) resulting from the DWT 

analysis show a clear increase in its energy with respect to the free defects operation. In addition, its 

oscillations which start at 𝑡 = 1.5 s and lasts to 2 s with an amplitude varying between 100 and 150, fit well 

with the fault frequency evolution described above.  

Upon the occurrence of a voltage dip of 50%, Figure 11(b), the variations in the DWT coefficients 

become higher than what they were prior to this incident. The tenth approximation, a10, corresponding to the 

low-frequency components below 50 Hz, shows a meaningful variation following the fault, its energy attends 

an amplitude of 2500 from 1.5 s to 2 s, and an amplitude of 1000 from 2 s to 2.5 s, the total period of 

variation is the exact voltage dip duration. Two multiple oscillations appear in detail d10, the first starts at 1.5 s 

until 1.8 s with amplitude of 300 and the second from 2.2 s until 2.5 s with amplitude varying between 400 and 

600. The detail d9 also represent two different oscillations, the first one from 1.5 s to 2 s with amplitude 

varying between 50 and 100, and the second one from 2 s to 2.5 s with amplitude between 200 and 300. 

The peak variations after voltage dip of 75%, Figure 11(c), are clearly seen in the tenth 

approximation signal which corresponds to amplitude of 300 from 1.5 s to 2.3 s. Much higher variations, 

representing the high-energy content of the current signal, can be seen in detail d10 with amplitude of 650 

from 1.5 s to 2.3 s and amplitude between 250 and 400 until 2.5 s. The detail d9 also displays one large 

oscillation varying between 200 and 400 and lasting from 1.5 s to 2.5 s (the exact voltage dip time duration). 
 
 

 
 

(a) 
 

 

 
 

(b) 
 

 

 
 

(c) 
 

Figure 11. The DWT analysis of the DFIG stator current in presence of voltage dip of (a) 25%, (b) 50%, and 

(c) 75% 
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c) Three-phase fault 

Figure 12 show simulations results of DWT analysis during this faulty operation. In presence of a 

three-phase voltage dip of 25% of the nominal voltage, as depicted in Figure 12(a), significant variations 

appear in the energy of the tenth approximation a10 from 3×105 to 4×105 samples corresponding to the time 

interval (1.5 s, 1.8 s), their amplitude attends 2000. Multiple peaks appear in the energy of the upper-level 

signals d10 and d9 from 𝑡 = 2.5 s to 𝑡 = 3 s. Their amplitudes vary from 50 to 100 and 40 to 70 respectively.  

The Figure 12(b) shows the DWT results in presence of three-phase voltage dip of 50%. The upper-level 

signal a10 (approximation) presents the same variation with an amplitude of 2000 but has different width starting 

from 𝑡 = 1.5 s until 𝑡 = 2.2 s. More oscillations are detected at details d10 and d9 starting from 𝑡 = 2.5 s with 

an amplitude varying between 200 and 700 and between 100 and 300 respectively.  

In case of three phase voltage dip of 75%, Figure 12(c), much higher variations, representing the 

high- energy content of the current signal, can be seen in the upper order wavelet signal d10 and d9 (details) 

with an amplitude between 1500 and 500 respectively and lasting from 2.5 s until 3 s. Moreover, the tenth 

approximation a10, corresponding to the low-frequency components below 50 Hz, shows the largest 

variation from 𝑡 = 1.5 s until 𝑡 = 2.5 s with an amplitude of 2000 as detected previously.  
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(b) 

 

 

 
 

(c) 

 

Figure 12. The DWT analysis of the DFIG stator current in presence of voltage dip of (a) 25%, (b) 50%, and 

(c) 75% 
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8. CONCLUSION 

In the first part of this paper, we studied the operating mode of the wind energy conversion system 

namely the variable speed turbine model and the doubly fed induction generator model. In the second part, 

two approaches were proposed to identify and analyze three types of voltage dips, namely the three-phase 

fault, the single-phase fault and a fault between two phases and the ground. The first approach was based on 

the combination of Lissajous curves of grid currents and FFT analysis of stator current. The second approach 

was based on DWT analysis of stator current. The shapes obtained from Lissajous curves are used to indicate 

the presence of voltage dip and to distinguish defect cases. Whereas the peaks amplitude and the THD 

indicator revealed by FFT analysis, give a means of indicating the fault severity affecting the wind energy 

chain. Nevertheless, in both methods it is impossible to estimate the time of the fault occurrence neither its 

duration. Hence, the introducing of the discrete wavelet method in the detection of voltage dips at the stator 

current shows clearly, according to the tests results, that the discrete wavelet provides a clear indication about 

the defect severity, its tripping time and its duration. Also, the use of wavelet signals resulting from the DWT 

constitutes an interesting advantage because these signals act as filters and are based on the band pass 

filtering carried out by the DWT, enabling the extraction of the harmonic components caused by the voltage 

dip. These patterns allow discrimination between defects across the different waveforms appearing in the 

wavelet signals. 
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