
International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-9, Sept.-2014 

Harmonic mitigation in wind energy conversion System by multilevel inverter 
 
6 

HARMONIC MITIGATION IN WIND ENERGY CONVERSION 
SYSTEM BY MULTILEVEL INVERTER 

 
1S. S. DAS, 2S. C.GUPTA, 3U. RAJKIRAN 

 
1,2,3Department of Electrical Engineering, MANIT, Bhopal, India. 

E-mail: Sudhansucool99@gmail.com, scg.nit.09@gmail.com, rajkiran.udigiri@gmail.com 
 

 
Abstract- Wind energy source is one of the prominently renewable energy source as wind would never dies till the existence 
of the universe. Previously we were using fixed speed wind turbines in wind energy conversion system (WECS), but due to 
some disadvantage of fixed speed wind turbine system, we mostly used variable speed wind turbine system in most of the 
places. Variable speed wind turbine uses power electronic converter in order to extract maximum power, but power 
electronic converter are a source of harmonics due to its switching action. This harmonics in the voltage and current of wind 
power, deteriorate the power quality of wind power. To reduce the harmonics in this WECS, several methods have been 
proposed in the past so many years. This paper presents the employment of multilevel inverter to reduce harmonic. 
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I. INTRODUCTION 
 
By 2011 the bulk share of energy was provided by 
coal (41%), then gas (22%),oil (4%) all total 
contribution of fossil fuel was 67%,nuclear 
13%,renewable energy 20%.Between 2011-2030 
growth of renewable will be 7.6% per annum, which 
is highest compared to other sources of energy. On 
the other hand fossil fuel depletion are much more 
faster than they form, so it will lead to severe 
shortage of fossil fuel in future. The burning of fossil 
rises the concentration of carbon dioxide by 40%. 
Due to increase of carbon dioxide Kyoto protocol was 
organized in 1997 at Japan to stabilize the emission 
of carbon dioxide. Nuclear power is facing more 
problems like radioactive waste management to 
matter of disposal and a severe environmental hazard, 
several nuclear accident in the past like Chernobyl 
accident (1986) in which death toll was 60 and later 
reached in between 4000 to 25000 due to latent 
cancer, Fukushima Daiichi nuclear accident (2011), 
three mile island accident (1979), have created panic 
in the mind of people about nuclear safety. 
 
Viewing the above problem, renewable sources can 
provide the energy which will be not only the 
solution to the above problem but also sustainable in 
the future as they are derived from natural 
inexhaustible resource like sunlight, wind, tides, plant 
growth etc.. Wind energy is one of the most 
prominent energy with in renewable energy which 
hasadded 85GW between 2010-2012 reached to 
283GW and growth of wind energy is highest 
compared to any form of renewable energy. Wind 
energy causes very less pollution as it consumes no 
fuel, and emits no air pollution. From the beginning 
wind energy system was using fixed speed wind 
turbines but due to some disadvantage like lack of 
control on turbine shaft speed, it is not able to extract 
maximum power, 

Reactive power control and high mechanical stress 
led to develop the variable speed wind turbines. This 
turbine has advantage of maintaining generator torque 
quite constant irrespective of wind speed, maximum 
power capture in order to get highest energy, less 
mechanical stress, low variation in electrical power 
etc. However this turbine produces variable 
frequency and voltage due to variable wind speed, is 
non-grid compliant. Hence power electronic 
converter interfaced with the wind system in order to 
provide matching frequency and voltage to the grid. 
However power electronic converters used in this 
wind turbine system are a source of harmonics due to 
switching action of converter, these harmonics in 
voltage and current of wind power deteriorate the 
power quality of power produced by WECS. To 
mitigate the problem of harmonics multilevel inverter 
topology has been applied in wind energy to reduce 
harmonics. 
 
II. WIND ENERGY CONVERSION SYSTEM 
 
Variable speed wind turbine system is extensively 
used by most of the WECSnow a days due to its 
remarkable achievement. Doubly fed induction 
generator (DFIG) and permanent magnet 
synchronous generator (PMSG) connected variable 
speed wind turbine are popular now these days. The 
diagram of WECS based PMSG and DFIG have been 
shown in figure 1 and figure 2 below. In DFIG the 
stator is connected to the grid and rotor circuit 
controlled by the power electronic converter and can 
maintain operational speed around ±30% of 
synchronous speed, hence it has a control on reactive 
power to maintain voltage stability during some 
disturbances. DFIG have controlled over rotor 
voltage and current which help it to maintain 
synchronized with the grid at variable wind speed. 
The converter handle 25-30% of mechanical power to 
the grid and rest is connected directly to the grid by 
stator. But in case of PMSG, it is connected to the 
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grid through power electronic converter fully, and 
even  
 

 
Fig. 1Wind energy conversion based on PMSG. 

 

 
Fig. 2 Wind energy conversion based DFIG 

 
PMSG can omit the difficult gearbox system. Speed 
of PMSG is controlled by pulse width modulation 
converter. The output power of the PMSG is supplied 
to the grid through the help of generator side 
converter and grid side converter. Harmonic 
reduction method can be applied to any of the system 
to improve power quality. In thispaper PMSG based 
wind turbine has been taken and multilevel inverter 
has been applied on it to reduce THD. 
 
III. MULTILEVEL INVERTER 
 
The concept of multilevel converters has been 
introduced since 1975. The term multilevel began 
with the three-level converter. Subsequently, several 
multilevel converter topologies have been developed. 
However, the elementary concept of a multilevel 
converter to achieve higher power is to use a series of 
power semiconductor switches with several lower 
voltage dc sources to perform the power conversion 
by synthesizing a staircase voltage waveform. 
Capacitors, batteries, and renewable energy voltage 
sources can be used as the multiple dc voltage 
sources. 
 
A. Advantages and Disadvantages 
A multilevel converter has several advantages over a 
conventional two-level converter that uses high 
switching frequency pulse width modulation (PWM). 
The attractive features of a multilevel converter can 
be briefly summarized as follows.  
 
• Staircase waveform quality: Multilevel converters 
not only can generate the output voltages with very 
low distortion, but also can reduce the dv/dt stresses; 
therefore electromagnetic compatibility (EMC) 
problems can be reduced. 
• Common-mode (CM) voltage: Multilevel converters 
produce smaller CM voltage; therefore, the stress in 

the bearings of a motor connected to a multilevel 
motor drive can be reduced. Furthermore, CM 
voltage can be eliminated by using advanced 
modulation strategies 
• Input current: Multilevel converters can draw input 
current with low distortion. 
• Switching frequency: Multilevel converters can 
operate at both fundamental switchingfrequency and 
high switching frequency PWM. It should be noted 
that lower switching frequency usually means lower 
switching loss and higher efficiency. 
 
Unfortunately, multilevel converters do have some 
disadvantages. One particular disadvantage is the 
greater number of power semiconductor switches 
needed. Although lower voltage rated switches can be 
utilized in a multilevel converter, each switch 
requires a related gate drive circuit. This may cause 
the overall system to be more expensive and 
complex.  
 
Plentiful multilevel converter topologies have been 
proposed during the last two decades Contemporary 
research has engaged novel converter topologies and 
unique modulation schemes. Moreover, three 
different major multilevel converter structures have 
been reported in the literature: cascaded H-bridges 
converter with separate dc sources, diode clamped 
(neutral-clamped), and flying capacitors (capacitor 
clamped). Moreover, abundant modulation techniques 
and control paradigms have beendeveloped for 
multilevel converters such as sinusoidal pulse width 
modulation (SPWM), selective harmonic elimination 
(SHE-PWM), space vector modulation (SVM), and 
others. 
 
Cascaded H-Bridge inverter requires separate isolated 
DC source so it is better applicable in solar power 
system, however in wind energy system where we are 
getting a single voltage output after rectifier can not 
connected into cascaded H-bridge multilevel inverter, 
so therefore another two topology, diode clamped and 
capacitor clamped topology are applicable for wind 
energy system. In this paper diode clamped multilevel 
inverter topology has been applied to wind energy 
system. 
 
B. Diode clamped multilevel inverter 
The diode-clamped inverter provides multiple voltage 
levels through connection of the phases to a series 
bank of capacitors. According to the original 
invention, the concept can be extended to any number 
of levels by increasing the number of capacitors. 
Early descriptions of this topology were limited to 
three-levels where two capacitors are connected 
across the dc bus resulting in one additional level. 
The additional level was the neutral point of the dc 
bus, so the terminology neutral point clamped (NPC) 
inverter was introduced. However, with an even 
number of voltage levels, the neutral point is not 
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accessible, and the term multiple point clamped 
(MPC) is sometimes applied. Due to capacitor 
voltage balancing issues, the diode-clamped inverter 
implementation has been mostly limited to the 
threelevel. Because of industrial developments over 
the past several years, the three-level inverter is now 
used extensively in industry applications. Although 
most applications are medium-voltage, a three-level 
inverter for 480V is on the market.  
 
Figure 3 shows the topology of the three-level diode 
clamped inverter. Although the structure is more 
complicated than the two-level inverter, the operation 
is straightforward and well known. In summary, each 
phase node (a, b, or c) can be connected to any node 
in the capacitor bank (d0 ,d1 ,d2).Connection of the 
aphase to junctions d0 and d2 can be accomplished by 
switching transistors Ta1 andTa2 both off or both on 
respectively. These states are the same as the two 
level inverter yielding a line-to-ground voltage of 
zero or the dc voltage gain or mode voltage.  
Connection to the junction d1is accomplished by 
gating Ta1off and representation, the labels Ta1 and 
Ta2are used to identify logic (1=on and 0=off). Since 
the transistors are always switched in pairs, the 
complement transistors are labeled Ta1 and Ta2 

accordingly. In a practical implementation, some 
dead time is inserted between the transistor signals 
and their complements meaning that both transistors 
in a complementary pair may be switched off for a 
small amount of time during a transition. However, 
for the discussion herein, the dead time will be 
ignored. From Figure 3, it can be seen that, with this 
switching state, the a-phase current ias will flow into 
the junction through diode as Da1 if it is negative or 
out of the junction through diode Da2if the current is 
are positive. According to this description, the 
inverter relationships for the presented in Table 1. 
 

Table 1.Three level Inverter Relationships 

 
 
If each capacitor is charged to one-half of the dc 
voltage, then the line-to-ground and voltage can be 
calculated. The dc currents iadc1 and iadc2 are the 
aphase components to the junction currents in Figure 
3 respectively. 
The general n-level modulator, described in the next 
section, determines the switching state for each 
phase. For practical implementation, the switching 
state needs to be converted into transistor signals. 
Considering Table 1, this can be accomplished in 
general by  

 

An inverse relationship may also be useful and is 
given by 

 
Once the transistor signals are established, general 
expressions for the a-phase line-to-ground voltage 
and the a-phase component of the dc currents can be 
written as  

 

 

 
Figure 3. 3 level Diode clamped inverter topology 

 
IV. APPLICATION OF                               

MULTILEVELINVERTER ON WECS 
 
If we will see the structure of wind energy conversion 
system then we can easily imagined that, we require 
rectifier and inverter in wind energy system , which 
we cannot avoid at any cost because now a days we 
are employing variable speed wind turbine. Inverter 
at end is required to convert DC to AC. Multilevel 
inverter is just extension of inverter which produces 
step voltage output instead of proving output in single 
as follows 1. Reduced system complexity as there is 
not to be used any filter for reducing voltage THD 
anymore. 
 
2. Generally we have to be use inverter for converting 
DC to AC, just by increasing its level is more 
economical. 
 
V. RESULTS 
 
The results obtained by simulating from different 
level of diode clamped topology applied on wind 
energy system having PMSG generator is shown in 
various figures below. The wind enrgy system is 
coonected to load. Among the level shown in the 
figure 3 level, 5 level, 7 level, 9 level, 11 level 
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waveform have been depicted with spwm modulation 
control. 

 
Figure 4. 3 level diode clamped toplogy in WECS. 

 

 
Figure 5. 5 level single phase diode clamped topology in WECS. 
 

 
Figure 6. 7 level single phase diode clmaped topology in WECS. 
 

 
Figure 7. Nine level single phase diode clamped topologyin 

WECS. 
 

 
Figure 8. 11 level single phase diode clamped topology in 

WECS. 

 
Figure 9. 13 level single phase diode clamped topology in 

WECS. 
 
CONCLUSION 
 
This paper reviewed and discussed various multilevel 
inverter topology and their application on WECS to 
reduce harmonics. Power quality still an active 
research area of the WECS. Due harmonic problem, 
power quality of WECS deteriorates rapidly, hence 
Researchers have aggressively shown their interest to 
find a solution to this problem. Various harmonic 
reduction to pology with their level on increasing 
have been applied in this paper with neat and clean 
diagram. Results of different topology have been 
shown. It has been concluded that if we want 
economical level inverter then 9 level is good, but if 
we want from THD reduction point of view then 11 
level is good. 
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