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ABSTRACT 
Today, many of charges are controlled using the sensitive 
electronic and microprocessor systems. These systems 
are sensitive to various disturbances in the network and 
their function is easily disrupted. Hence, the harmonic 
pollution of the distribution networks is regarded as one 
of the fundamental problems in the power quality. In 
recent years, the use of wind power plants is increased to 
supply energy, reduce losses, enhance reliability, and 
distribution networks security. The static converters used 
in third generation (DFIG) and fourth generation 
(PMSG) wind turbines are the most important factors of 
harmonic generation and propagation, and power quality 
reduction in distribution networks. In addition to 
harmonics and inter-harmonics, the harmonic generation 
and propagation in the frequency range of 2-150 KHz, 
supra-harmonics, is also effective in causing the 
harmonic pollution. The main phenomena that are 
causing the electromagnetic disturbances in power 
systems are classified in IEC 77 and IEEE 1159 
standards. The harmonics, inter-harmonics, and supra-
harmonics would cause the voltage fluctuations, 
depression, disruption and imbalance in power, 
fluctuations in network frequency, low frequency 
induction in voltage, develop DC voltage in AC network, 
induce the continuous electromagnetic waves in the 
current and voltage waveforms, and cause the transient 
instability, oscillatory instability and visual flicker in the 
monitors (CRT). DC currents in AC networks can cause 
damage such as transformer saturation, and stress in 
insulation parts of equipment. The noises in AC networks 
have adverse effects in the intensification of the Earth 
system. In this article, the evaluation of the effects of 
harmonics, inter-harmonics, and supra-harmonics 
caused by switching the back to back converter of double 
fed induction generator of a wind unit connected to the 
distribution network in causing the fluctuations in 
network frequency, developing DC voltage in AC 
network, and voltage noise emission in Matlab software 
is simulated in real-time manner, and analyzed based on 
the criteria and requirements of IEC61000-4-30 
standard. IEC 61000-4-30 standard has provided the 
conditions and requirements of measuring the power 
quality parameters.  

INTRODUCTION 
The quality of electric energy or power quality is one of 
the issues that has been seriously considered by the 
operations and consumers of the electricity networks. The 
technological development has caused the variety of non-
linear charges scattered using non- sinusoidal waveforms 
in the network [1]. These charges caused the variation of 
voltage waveform and current from the sinusoidal ideal 
form and created the power quality disturbances. On the 
other hand, many of the charges are controlled using the 
sensitive electronic and microprocessor systems. These 
systems are sensitive to various disturbances in the 
network and their performance can easily be disrupted. 
Those disturbances that are repeated periodically with an 
integer multiple are called harmonic. If the repeating 
periods of these disturbances are not an integral multiple 
of the network frequency, they are called harmonic. 
Development of power electronic devices, furnace arc 
charges, gas discharge lamps in the distribution networks 
caused a new phenomenon in the power quality [2]. This 
phenomenon is known as harmonic emission and 
immunity in the frequency range (2-150 KHz) or supra-
harmonics [3-4]. These harmonics increase the current 
drawn in the capacitor banks, heating, and finally burst of 
capacitor banks, losses and depreciation of equipment. In 
addition, the main causes of electromagnetic disturbances 
caused by harmonics, inter-harmonics and supra-
harmonics in IEC77 and IEEE1159 standard are 
classified as Table (1) [5-7]:  
 

TABLE 1.  Classification of the main causes of 
electromagnetic disturbances (IEC and IEEE) [5-7] 

Conducted low-frequency 
phenomena  

Harmonics, inter-harmonics, 
Supraharmonics  

Signal systems (power line carrier)  
Voltage fluctuations 

Voltage dips and interruptions 
Voltage imbalance 

Power-frequency variations 
Induced low-frequency voltages 

DC in ac networks 
Radiated low-frequency 

phenomena  
Magnetic fields 
Electric fields 

Conducted high-
frequency phenomena  

Induced continuous wave voltages or 
currents 

Unidirectional transients 
Oscillatory transients 

Radiated high-frequency 
phenomena  

Magnetic fields 
Electric fields 

Electromagnetic fields 
Continuous waves 

Transients 
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According to what has been mentioned in Table (1), 
another harmonic effect is causing the unwanted signals 
with frequency spectrum lower than 200 KHz or noise in 
the voltage and current waveform. The other effect of 
harmonics is causing changes in the frequency of 
distribution networks [6].  
The measurement criteria of the parameters of power 
quality are expressed in IEC61000-4-30 standard. 
According to this standard, the time to measure the 
parameters of power quality (supply voltage, harmonics 
and inter-harmonics, voltage unbalance, noise, etc.) in 
class A should be at least 10 cycles for network 
frequency of 50 Hz, and 12 cycles for the network with 
frequency of 60Hz. To measure the momentary voltage 
drop, the value of )2/1(rmsU should be used in each of the 
measurement channels. To measure the voltage 
unbalance, the disintegration of rmsU  should be used in 
three positive, negative and zero sequences [7]. A few 
studies have been conducted so far on Offset DC in AC 
networks, the noise and network frequency oscillations 
caused by switching the static converters used in DGs. In 
this article, the frequency oscillations, noise, and DC 
voltage generated in AC network caused by switching the 
back to back converter of double fed induction generator 
of a wind unit connected to the distribution network are 
simulated and analysed in Matlab software in the real-
time manner, based on the IEC61000-4-30 standard. 
 

MODELING OF DFIG GENERATOR OF THE 
WIND TURBINE  
Among the new energy resources, the wind energy, due 
to the clean and interminable nature, capability to convert 
into electrical energy, and free cost, is an appropriate 
choice. The main problem in using the wind turbines is 
that the momentary changes in wind speed causing the 
fluctuations in power output of the wind turbine, and 
these fluctuations are reflected as the frequency change 
throughout the system affecting the system performance 
[8-9]. The wind turbine is a machine that converts the 
wind energy into electrical energy, and can be connected 
through electrical generators to the network. The wind 
turbines can be seen in different types, and varied in 
terms of size and energy generation [10]. The generator 
rotor of type-3 wind turbines is mostly connected to 
power networks through the back to back converters. The 
static converters used in the control system of generators 
increases the control capability of the modern wind 
turbines [10].  
These wind turbines composed of a double fed induction 
generator. The stator is directly connected to the network, 
and the coiled rotor with slip rings was connected to a 
static converter, and the other side of converter is 
connected through the dc-link and static converter to the 
network transformer. The mechanical speed of turbine is 
controlled using a rotor circuit, and in a variable 
frequency. The power output of the system in this type of 
turbines includes the total power of stator and rotor.  
In the above speed, the synchronous powered by the rotor 

is transmitted to the network. In the synchronous speed, 
there are no power exchange between the rotor and 
network, and in the following state, the synchronous of 
rotor will be powered by the network. These turbines 
have the capability to support the reactive power using 
the converter control of stator [8]. The generator of type-
3 wind turbines, known as the double fed induction 
generator (DFIG), are used mostly used in the wind 
farms. Figure (1) shows the schematic of type-3 wind 
turbine generator [11]. 
  

 
Figure. 1. Schematic of DFIG generator of type-3 wind 

turbine [11] 
 
In the change range of 30% in the synchronous speed, the 
use of type-3 wind turbines is an appropriate solution. 
The DC capacitor is embedded to store the energy 
between the two converters. The change in dc-link 
capacitor voltage is very limited. The electromagnetic 
torque or generator speed as well as the stator power 
factor can be controlled through the rotor-side converter 
and dc-link voltage disturbances through the network-
side converter.  System of (DFIG) in the below and above 
synchronous speed can be operated as a motor and 
generator. Configuration of double fed induction 
generator along with a back to back static converter is 
shown in Figure (2) [11].  

 
Figure. 2. Configuration of DFIG generator with back to 

back converter [11] 
 
The transformation Park equations in the synchronous 
machine in the rotor reference frame are as follows [12]: 
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Rotor and stator flux is also obtained from the following 
equations [12]:  
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Mechanical and electromagnetic torque in the induction 
machine is obtained from the following equations [12]: 
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The double fed induction generator composed of the 
stator and rotor winding. The rotor and stator voltage 
equations in the dq  reference frame of the generator are 
as follows [12]: 
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The momentary stator input power in the dq  reference 
frame is as follows [12]: 
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Stator and rotor power equations are as follows [12]:  
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When the rotor speed in dq axis is equal to
Pre
2)(   , 

the electromagnetic torque is obtained from the following 
equation [12]: 

)(
2
3

qrdrdrqre iiP      (8) 

And finally, the flux linkage equations are as follows 
[12]: 
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STUDY NETWORK  
Figure (3) shows the studied system in this article. The 
studied system includes a wind unit equipped with the 
double fed induction generator (DFIG). The rotor of the 
generator is connected through a back to back converter 
to the low voltage (LV) distribution network. The low 
voltage network is designed in such a way to have the 
power transfer capability of the wind power plant. The 
wind turbine generator is equipped with the independent 
controller, and the network-side and rotor-side converter 
control system are programmed independently. The main 
idea is the reactive and active control power of the 
generator using the rotor current control at the rotor-side 
converter, and keeps the dc-link voltage constant using 
the network-side converter control. The static converter 
control system is designed in such a way that the 
induction reactive power of the wind unit generator to the 
distribution network is almost negligible to the extent of 
0Var. The power electronic devices used in rotor-side and 
stator-side back to back static converter are IGBT/Diode. 
Characteristics of these keys are presented in Table (2).  
 

TABLE 2.  Characteristics of power electronic devices 
Parameter Value 

pR  k100  
sC  f1.0  
sR  310  

 
A RC filter with power of 100Var is embedded for 
compensation along with the wind turbines. The 
distribution network frequency is considered 50 Hz. The 
switching frequency of the static converters is considered 
2 KHz. The low voltage (LV) of distribution network is 
considered equal to the stator voltage of wind turbine.  
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Figure. 3. Studied system 

 

RESULTS OF SIMULATION  
The simulation of the study system in Matlab/Simulink, 
and in the simulation time of st 5.1 , is conducted in the 
real-time manner. The wind speed is considered constant 
in this period, then, the mechanical torque is practically 
supposed to be constant and equal to PuTm 9.0 , thus, 
the highest power is transmitted from turbine to the 
network. The results of the simulation of harmonic 
spectroscopy (FFT), and spectrogram of network voltage 
is provided below.  

 
Figure. 4. Harmonic spectrum of (AB) voltage of 

network 

 
Figure. 5. Spectrogram curve of (AB) voltage of network 

 
Figure. 6. Analysis of positive and negative sequence of 

(AB) voltage of network 
 

 
Figure. 7. Frequency oscillations and harmonic 

disturbances of (AB) voltage of network 
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Figure. 8. DC voltage in AC network and directed noise 

of (AB) voltage of network 
 

 
Figure. 9. RMS value of (AB) voltage of network 

 
According to Figure (4), the highest harmonic 
propagation of network voltage is in the frequency range 
of 4 KHz, and by 0.8% of the base voltage. This 
harmonic emission of the network voltage is in the 
standard permitted range. According to Figure (6), the 
voltage deviation in the positive sequence is almost 
0.004Pu. According to Figure (7), the highest frequency 
oscillation is 50.02 Hz, and the lowest frequency 
oscillation is 49.98 Hz. DC voltage directed to AC 
network caused by harmonics is almost Pu12103  . 
According to Figure (8), the ripple voltage is about 30V. 
According to Figure (9), the RMS value of voltage with 
the wind turbine is also reduced by 2.5V.  

CONCLUSION  
In this article, DC voltage in AC network and also the 
noise emission in the voltage waveform of network 
caused by switching the back to back converter of the 
wind unit connected to the low voltage (LV) network 
were simulated and analysed. Results of real-time 
simulation in Matlab/Simulink show that the wind power 
plant causes the frequency oscillations by Hz02.0 in the 
natural frequency of the network. Also, the static 
converter used in the wind turbine system increases the 
THD% of network voltage, although, the increase is up to 
the permitted limit determined in the IEC and IEEE 
standards. The noise in the voltage waveform is very high 
and cannot be overlooked. DC voltage in AC network 
caused by the harmonics generated by the converter is 
very low. RMS value of voltage is reduced by 572.5V at 
the presence of wind turbines. 
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