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 This work analyses and evaluates the performance of renewable energy 

sources-based converters using Intelligent techniques. The objective of the 

research is to maintain the reliability of the converters such that it decreases 

the switching losses, high duty cycle and recycles the leakage energy. To 

accomplish the high output voltage gain converters are designed with 

different intelligent methods. Due to heavy demands, the cost of fossil fuel 

has gone up.so the need for the time is identifying and developing renewable 

energy sources along with developing new technologies for energy saving in 

renewable energy system to fight the issues plaguing the environment. 

Keywords: 

Advnaced semiconductor 

devices 

Harmonics 

Renewable Energy 

SEPIC Converter 

Switching elemen 

Total Harmonic Distortion 

Wind Energy 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Rajapandian B,  

Department of Electrical and Electronics Engineering,  

Sathyabama Institute of Science and Technology, 

Chennai, Tamilnadu, India 

Email: rajeee.pandian46@gmail.com 

 

 

1. INTRODUCTION  

Owing to features such as zero carbon footprint, enormous energy generation potential, being 

renewable and sustainable in nature, wind energy augurs well to be the most promising source of sustainable 

energy with immense futuristic scope. The great extent of technological enhancement has seen multi Mega 

Watt of energy being produced in a single wind turbine system from a mere few tens of kilowatts of power 

being produced in 1980’s. Factors such as air density and wind velocity plays a vital role in harnessing 

energy from wind and Numerous intelligent techniques based wind energy system have been presented in 

literature[1].Owing to the wind speed’s stochastic nature ,the deterministic reliability prediction methods 

which are conventionally used in Industrial application is not a viable option for wind turbine applications. 

These algorithms despite being robust and intelligent as assumed by authors in [3] are used in applications 

that allows only a minimum variation in wind speed and also requires a constant air density assumption 

which the authors in [2] have assumed. 

The model has various inherent advantages such as reduced simulation time, eliminates the negative 

aspects associated with pulse width modulation switching and also reduces the thermal stress by employing 

the controller tuning methodology. The paper presents an overall perspective of the SEPIC based wind 

energy conversion system and gives an insight into the frame work of evaluation of the converters. 

Distributed wind generation units like DFIG makes use of the positives in the converters and 

the various modes of control being made use of at the point of common coupling for supporting the grid 

with additional reactive power. The DG interconnection with the distribution network makes use of 

IEEE 1547 standards and based on them, DGs need to have a constant PF close to unity at PCC and to 

achieve it multiple switched capacitor bank support is required. [4]. Despite active voltage regulation is 
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prohibited by these standards to a certain extent, voltage regulation can be performed if there is a 

consensus amongst DG owners and the utility providers [5]. The size of the DG will decide whether to 

operate it in power factor control mode, voltage control mode or voltage regulation mode [6]. Of late 

Power factor control mode is used for controlling the smaller units while voltage control mode suits the 

larger DG units provided ,the power factor being maintained at unity PCC in terms of reducing the  

THD value [7] in the power factor control mode by modeling it as a PQ bus with negative  

current injections[8]. 

 

 

2. RESEARCH METHOD 

Figure 1 shows the block diagram of wind energy system used. Generator is very difficult to connect 

with grid directly, Converter is an interface between that two sections [9]. DFIG being a variable speed 

generator possess a distinct advantage over the fixed speed generators with regards to its variable speed 

capability. Reduced power conversion paves the way for reduced losses, improved efficiency, enhanced 

power factor and in turn provides reactive power to the grid [10]. The necessity of a gearbox in order to 

increase speed coupled with the wind turbine – generator combination is the basic draw back in the case of 

DFIG while the PMSG in order to achieve direct drive control is machined with sufficient number of poles in 

accordance with the requirement [11]. 

 

 

 
 

Figure 1. Block diagram of wind energy system 

 

 

3. PROPOSED SYSTEM 

In the proposed system converter performance has been enhanced by means of reducing their power 

consumption, reduced switching and power losses [12]. Here the Total Harmonic Distortion (THD) values 

were reduced to the prescribed limit in terms of inserting the LC filter along with the required output. Both 

the values of direct AC and converted AC have been compared and their THD values are calculated [13]. In 

order to achieve lower voltage level with regards to the DC-DC converter the synchronous converter stands 

out as a perfect option due to the lower conduction loss in the diode [14]. The soft switching technique is 

employed in the high side MOSFET so that the switching losses are eliminated. In addition to that the 

resonant secondary circuit is designed to avoid the switching losses [15]. This method as suggested above 

accomplishes an efficient convertion by employing an advanced design technique and in this regard the 

converter performance has been analyzed [16]. 

 

 

4. MODES OF OPERATION 
4.1. Mode I: DC-AC converterd input 

A power converter generally employed for conversion of electrical energys being an electrical or 

electro mechanical device could be constructed as a simple transformer to convert the voltage of AC power 

or it can also be made into a complex system [17]. This is the technical term which refers to a class of 

electrical machine which is used in accomplishing the conversion from one frequency component of 

alternating current in to another frequency component [18]. DC supply is converted in to AC by means of 

rectification and then it is fed to the converter[19].Owing to the voltage step-up/step-down capability a 

SEPIC Converter is used for the wind energy system as well as its un-inverted output(as distinguished by 

conventional buck-boost converter)[20].Output Voltage has been obtained and its THD value also been 

determined.Figure 2 displays the simulated DC-AC Converted input [21].  
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Figure 2. Simulation diagram of DC-AC converted Input 
 
 

4.2. Mode II: Direct ac input  

Electrical drives for direct drive renewable energy systems, but the most important process of high 

frequency switching results in negative effects [22]. Here a rectifier is often included to convert the AC 

power in the mains, galvanic isolation between the input and output modules of converter [23]. AC voltage is 

directly fed to the converter section [24]. Here also output voltage has been obtained with their relevant THD 

values. Figure 3 shows the simulation diagram of direct AC input [25]. In this mode, supply from wind 

energy is directly fed to the converter to reduce the losses when used to apply the direct ac input [26]. 
 
 

 
 

Figure 3. Simualtion diagram of Direct AC Input 
 
 

5. RESULTS AND DISCUSSIONS 

Figure 5 shows the Input voltage waveform of giving inverted DC supply. Ripple contents are 

eliminated interms of providing filter and the converted AC is apllied to the switching circuit. 
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Figure 6 shows the outpiut voltage waveform of the same case which is to be in the form of 

sinusoidal signal,the harmonics contents are eliminated by means of providing filter in the output side,the 

THD values are considerably reduced in the application of filter which is mentioned in the table.1.By means 

of evaluating the converter performance the THD value can be concluded in to the permissible limit as well 

as switching losses and heating effect can also be reduced in this performance configuration. 

 

 

  

 

Figure 5. DC-AC converted input voltage 

 

Figure 6. output voltage waveform 

 

 

Table 1 Shows the thd values of output voltage of conversion of DC to ac input for various range of 

frequencies.THD value can be reduced in the permissible limit. 

 

 

Table 1. THD values for different frequencies 
Frequency (Hz) Component THD (%) Angle(degree) 

0 (DC) 0.10       270.0 

10 0.11 -31.9 

20 0.14 -66.0 

30 0.20 -80.8 

40 0.26 249.2 

50 (Fun) 100.00 49.6 

60 0.38 114.8 

70 0.13 79.3 

80 0.06 69.0 

90 0.00 97.7 

100 (h2) 0.05 114.9 

110 0.04 106.2 

120 0.03 99.3 

130 0.03 107.6 

140 0.02 63.8 

150 (h3) 0.06 68.6 

160 0.02 68.9 

170 0.01 66.0 

180 0.01 120.7 

190 0.01 -86.8 

200 (h4) 0.00 74.8 

210 0.01 85.5 

220 0.01 84.3 

230 0.01 -30.6 

240 0.01 29.3 

250 (h5) 0.33 37.0 

260 0.00 62.7 

270 0.00 37.0 

280 0.00 52.7 

FFT ANALYSIS 

Sampling Time: 5e-06S  

Fundamental:254.9(180.3rms) 

DC component:0.2555  

THD: 0.814 

 

 

Figure 7 shows the input voltage waveform when applying direct DC supply. Figure 8 and Figure 9 

shows the input cuurent and output voltage waveform of applying direct  DC suppy, here LC filter is used to 

reduce the harmonics in the output side.Due to the filter concentration THD values are reduced in to the 

level. 
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Figure 7. Input voltage of direct AC 

 
 

Figure 8. Input current of direct AC 

 

 

 
 

Figure 9. Output voltage waveform 

 

 

Table 2 shows the THD values of output voltage of conversion of direct AC input for various range 

of frequencies.THD values are reduced in the advisable level. 

 

 

Table.2 THD Values For Different Frequencies 
Frequency-Hz Component THD(%) Angle(degree) 

0 (DC) 0.10       270.0 

10 0.11 -31.9 

20 0.14 -64.0 

30 0.20 -80.8 

40 0.26 249.2 

50 (Fun) 100.00 49.6 

60 0.38 114.8 

70 0.13 79.3 

80 0.06 69.0 

90 0.00 97.7 

100 (h2) 0.05 114.9 

110 0.04 106.2 

120 0.03 99.3 

130 0.03 107.6 

140 0.02 63.8 

150 (h3) 0.06 68.6 

160 0.02 68.9 

170 0.01 66.0 

180 0.01 120.7 

190 0.01 -86.8 

200 (h4) 0.00 74.8 

210 0.01 85.5 

220 0.01 84.3 

230 0.01 -30.6 

240 0.01 29.3 

250 (h5) 0.33 37.0 

260 0.00 62.7 

270 0.00 37.0 

280 0.00 52.7 

FFT ANALYSIS 

Sampling Time: 5e-06S 

Sample per cycles:400 

DC component:0.2555 

Fundamental:254.9(180.3rms) 

THD: 0.814 
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Figure 10 and Figure 11 shows the input voltage and input current waveform of direct wind and  

Figure 12 shows the output voltage waveform when applying direct supply from direct wind energy. Table.3 

shows the comparison value of Voltage and THD value of above three modes of operation. THD value is 

almost same for direct AC input and Wind input 

 

 

  
 

Figure 10. input voltage of direct wind 

 

Figure 11. input current of direct wind 

 

 

 
 

Figure 12. Output Voltage Waveform 

 

 

Table 3. comparison value of Voltage and THD 
Category Output voltage(volts) THD (%) 

DC-AC converted 

input 

230 0.814 

Direct AC input 

from wind 

200 2.74 

 

 

6. CONCLUSION 

Converter has the ability to work form an supply voltage which is greater or less than the regulated 

output voltage. Converter design which includes minimal active elements, a simple controller and relevant 

waveforms which provide low noise operation. Harmonics in the power systems result in increased heating in 

the equipment and conductors, thus resulting in misfiring of variable speed drives and torque variations in 

motors. Total harmonics distortion is a complex and often confusing concept to understand. From the above 

analysis it can be concluded that the converter performance has been enhanced as well as the total harmonic 

distortion has been reduced to a considerable level. By means of reducing the THD value, the entire working 

of converter with the wind energy input has been improved to a considerable level and this paper also proves 

that the lower range of THD in Power systems paves the way for high power factor, low peak currents and 

higher efficiency. Simulation results prove that the output voltage is controlled as per the requirements and it 

changes by controlling the duty cycle. 
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