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Optimization of Multilevel Inverter for
Renewable Energy System

Udit Sharma” and K. Vijayakumar*

Abstract: The paper presents the optimization of Multilevel Inverter controlled by Sinusoidal Pulse Width Modulation
(SPWM) scheme for renewable energy system. Depending on the modulation Index, the RMS voltage of the inverter
and the Total harmonic distortion will vary. So an optimization technique is used to find the best value of modulation
index for which the performance of the inverter is better.
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1. INTRODUCTION

Future generation of energy depends on renewable energy resources. Resources such as Solar and Wind
is the fastest growing resources. In Solar Power generation the generation is DC, so inverter is must to
convert DC into AC. For high power application multilevel inverters are used, because of its feature that
it produces less harmonics. Harmonics are the distortion that is produced due to the switches when DC is
converted into AC. Literature survey shows that H-bridge is best suited for such system. [1]-[3]. Modulation
technique has huge impact on the performance of such system. So study of modulation technique for such
system is important for evaluation.

Multilevel Inverter topology emanates to overcome the low power rating limitation of semiconductor
switches for high power applications. In multilevel inverter several low power switches are connected in
series with several low voltage DC sources. Batteries, fuel cells or renewable energy sources such as solar
cells, wind turbine or micro turbine or any combination of these can be used as a source of multilevel
inverter.

Features of multilevel inverter [1]-[4]

e The output voltage of multilevel inverter contains very less distortion.

e The input current drawn by them is very less distorted.

e They can operate at both low fundamental switching frequency and high switching frequency.
Different topologies of multilevel inverter

e Capacitive Clamped Multilevel Inverter.

e Diode Clamped Multilevel Inverter.

e (ascaded or H-bridge Multilevel Inverter.

In this paper H-Bridge Multilevel Inverter topology is used because of its various advantages like [5]-[6]:
e High quality voltage waveform.

e Smaller filters
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e Less switching power Loss.

e There is a possibility of independent voltage control in this type of inverters.

2. CASCADED H-BRIDGE INVERTER

A cascade H-Bridge multilevel inverter consist of series of H-Bridges Inverter units [7]. Each inverter
unit can generate three different voltage output (+V 4, 0, =V ;). There are four semiconductor switches in
each inverter and DC source is connecting with the output of these switch so that it can utilize the various
combinations of switching.

CMLI topology has various advantages like it does not required clamping diodes or capacitors for
balancing the voltage. With increase in number of levels the power rating of the inverter increases.

Advantages of H-Bridge Multilevel Inverter [4]
e They require very less no of components among all other multilevel inverter types.

e Modularized circuit Layout is possible because of same structure of each level and there are no extra
clamping diodes or stabilizing capacitors.

Soft switching can be implemented for this topology of multilevel inverter.
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Figure 1: Single Phase H-Bridge Inverter

3. MODULATION TECHNIQUE

Modulation technique plays a vital role in performance of any power electronics converter. In this paper
Sinusoidal Pulse Width Modulation (SPWM) technique is used. It is the simplest technique that can be
implemented on both two level and multilevel inverters. In SPWM there are two signals one is reference
signal and other is carrier signal (triangular). The frequency of carrier signal is high whereas the frequency
of reference signal is low. The reference signal is compared to the carrier signal. At the point of intersection
if reference signal is greater than carrier signal then active device corresponding to carrier turn on and if
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the reference signal is greater than active device corresponding to carrier is turn on. The min advantage of
SPWM is that it reduces the THD of output wave.

The frequency of carrier signal is the switching frequency of the inverter. Amplitude Modulation Index
is the ratio of amplitude of reference wave to the amplitude of the carrier wave.
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Figure 2: SPWM Switching Signal

A. Optimization

Total Harmonic Distortion is the summation of all the harmonic content of voltage or current waveform
compared against the fundamental component of voltage or current. The switching pattern is obtained by
sinusoidal pulse width modulation technique that is used for controlling the multilevel inverter.

Virus 18 the RMS value of input voltage and Vg 1S the fundamental RMS value. Input Voltage in
given by V.
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The range of modulation index lies between 0 to 1. For the value of modulation index at which the
value of the function is minimum, gives the optimum point of the multilevel inverter.
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Table 1
Font Sizes for Papers
Modulation
Index VTHD VRMS
0.6 5.67 386.2
0.7 5.21 367.6
0.8 1.03 459.8
0.86 1.25 468.18
0.90 1.72 468.18

All title and author details must be in single-column format and must be cantered. Every word in a title
must be capitalized. Email address is compulsory for the corresponding author.

4. SIMULATION RESULTS

For different modulation index the THD and V) is shown below:

-FFT
Fundamental (50Hz) = 386.2 , THD= 5.67%
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Figure 4: THD at Modulation Index 0.7
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Fundamental (50Hz) = 459.8 , THD= 1.03%
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Figure 5: THD at Modulation Index 0.8
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Figure 6: THD at Modulation Index 0.86
-FFT
Fundamental (50Hz) = 4682 , THD= 1.72%
T T T T T T T T T
16 -
14 -
T 12 -
s
£
g 1 -
c
I
- 08 .
&
=2 0.6 -
=
04 _
0.2 _
0 _hulthII“. " ) ] 1 ] | ! I ] L ] ] ]
100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

Figure 7: THD at Modulation Index 0.9
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5. CONCLUSION

This work presents the optimal design of a multilevel inverter i.e. the design of the inverter which works on
minimum THD and on high RMS value of the output voltage. THD and RMS of the inverter depends on
the multilevel inverter, o by changing the modulation index harmonics and be minimized. Here, the optimal
point of a multilevel inverter is calculated by constructing an objective function in terms of modulation index
and input voltage. The point at which the inverter works more efficiently i.e. the THD is less at that point
and the RMS value of output voltage is high is calculated using that objective function by using MATLAB.
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