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Abstract: The conventional multilevel inverters (MLI) are generally categorized into three, they are diode
clamped multilevel inverter, flying capacitor multilevel inverter and cascaded H bridge type multilevel inverter.
These are having a more number of switches with less or more number of levels. Due to this problem, it can
provides a more switching losses. And also it can require more drivers for turn ON the each switches. In this
paper proposed a harmonic analysis of diode clamped multilevel inverter. Phase position modulation,
Sinusoidal pulse width modulation (SPWM), Space Vector pulse width modulation (SVM), these are the common
types of switching strategies. The multilevel converter is possesses much lower component voltage stress
compared with the pulse width modulated (PWM) topologies. The SPWM control and pulse generator methods
are selected as the comparison and the THD of the proposed system is analyzed by simulating in
MATLAB/SIMULINK under different levels.
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I.  Introduction

A multilevel converter is to attain higher power, and it use a series of power semiconductor switches
with several lower voltage dc sources to perform the power conversion by generating a step voltage waveform
[3]. Capacitors, batteries, and renewable energy voltage sources is used because multiple dc voltage sources. The
commutation of the semiconductor power switches aggregate multiple dc sources. And so as to attain high
voltage levels at the output; but, the rated voltage of the power semiconductor switches depends upon the rating
of dc voltage sources to that they are connected [9].

The multilevel inverters are mainly divided into three they are: diode clamped inverter, flying capacitor
inverter, H bridge inverter. Diode Clamped multilevel inverter - This inverter uses diodes and provides the
various voltage levels through the various phases to the capacitor banks which are in series. The diode transfers
a limited amount of voltage thereby reducing the strain on the other electronics devices. Obtaining maximum
output voltage at half of the dc voltage. It is used in high power wind energy conversion systems [5]. Flying
capacitor multilevel inverter - Involves series connection of capacitor clamped switching cells. One feature is
that added clamping diodes are not needed. Furthermore, the flying capacitor inverter has switch redundancy at
intervals the phase which might be used to balance the flying capacitors so one dc source is needed. The most
advantage is each and every branch will be analysed severally and separately [6]. It’s used for converters with
Harmonic distortion capability, static VAr-compensation etc... Cascaded H-bridge multilevel inverter -The
voltage total harmonic distortion could minimum. Usually, these are chosen so that predominant lower
frequency harmonics, 5th, 7th, 11th, and 13th, harmonics are eliminated. Employed in high voltage variable
frequency drives- high-voltage motor drives. The output wave kind will be either a sine or will be a modified
sine wave [7].

In this paper proposed harmonic analysis of three phase diode clamped multilevel inverter. The
multilevel converter is possesses much lower component voltage stress compared with the pulse width
modulated (PWM) topologies. The SPWM control and pulse generator methods are selected as the comparison
and the THD of the inverters is analysed by simulating in MATLAB/SIMULINK under different levels.

1.1 Diode Clamped MLI

The concept of diode clamped ML is to use diodes and provides the multiple voltage levels at the different
phases. A diode transfers a limited amount of voltage, and thereby reducing the strain on other electrical
devices. The maximum output voltage is getting half of the input DC voltage. It is the main drawback of the
diode clamped multilevel inverter. This problem can be solved by increasing the switches, diodes [12]-[15].
These inverters provides high efficiency because the fundamental frequency used for all the switching devices.
It is a simple method of the back to back power transfer systems [5].
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Fig.1. Three phase three level diode-clamped MLI.

According to the original invention, the concept will be extended to any number of levels by increasing
the number of diodes. In this paper three phase three level inverter, and three phase six level inverters are using
pulse generator and sinusoidal PWM are compared. And harmonic analysis is done using FFT analysis.

I1. Simulations And Results

The various multilevel inverters using with modulation and without modulation are simulated. Three phase three
level, six level inverters using with modulation and without modulation are done and results are given below.

1.1 Three Phase Three Level Diode Clamped Inverter Using Pulse Generator
The Simulink model of three phase three level diode clamped inverter using pulse generator is shown in figure
2. Table.l shows the switching states of three phase three level MLI.
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Fig.2. Power circuit of three phase 3-Level 'diode—clamped MLI.
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Table.l Switching states of three phase three level inverter

The output voltage (phase voltage) wave form and THD value is shown in figure 3 and figure 4. The input

voltage is 400 V. Getting THD value is 44.06%.
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Fig.3. Line voltage waveform of 3-level MLI
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Fig.4. THD value of 3-Level diode-clamped MLI using Pulse generator

1.2 Three Phase Three Level Diode Clamped Inverter Using Spwm
The Simulink model of three phase three level diode clamped inverter using SPWM is shown in figure 5.
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Fig.5. Simulink model of three phase three level inverter
The output voltage (phase voltage) wave form and THD value is shown in figure 6 and figure 7. The input
voltage is 400 V. Getting output voltage is 400 V and THD value is 23.83%.
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Fig.6. Voltage waveform of 3 Level inverter using SPWM
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Fig.7. THD value of 3 Level diode-clamped MLI using SPWM

1.3 Three Phase Six Level Diode Clamped Inverter Using Pulse Generator.
The Simulink model of three phase three level diode clamped inverter using SPWM is shown in figure 8.
Table.ll Shows the switching states of three phase six level MLI.
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Fig.8. Circuit diagram of three phase six level inverter
N Switch State
S0 S ] Se [ S [ Se | Ss | S | Sex | Ses | S Sas
Vs = SVde 1 | 1 1 1 0 0 0 0 0
V= 4Vde 0 | | 1 1 1 0 0 0 0
Vi = 3Vde 0 0 | 1 1 1 1 0 0 0
Vs = 2Vde 0 0 0 1 | 1 1 1 0 0
Vi = Vie 0 0 0 0 I 1 1 1 | 0
Vo= 0 0 0 0 0 1 I 1 1 1

Table.ll Switching states for three phase six level MLI.
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Fig.9. Voltage waveform of 6 Level inverter

The output voltage (phase voltage) wave form and THD value is shown in figure 9 and figure 10. The input
voltage is 415 V. Getting output voltage is 400 V and THD value is 36.50%.
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1.4 Three Phase Six Level Diode Clamped Inverter Using SPWM
The Simulink model of three phase three level diode clamped inverter using SPWM is shown in figure 8.
The output voltage (phase voltage) wave form and THD value is shown in figure 11 and figure 12. The input
voltage is 415 V. Getting output voltage is 415 V and THD value is 10.30%.
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Fig.11: Voltage waveform of 6-Level inverter
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Fig.12: THD value of three phase 6-Level inverter

The table Il shows the comparison of THDs in votage and Table.lll shows the comparison of THD in current.
For comparing pulse generator and SPWM, the SPWM is much better than using pulse generator
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Name Using pulse generator Using SPWM
Three phase three 44.06% 23.83%
level inverter
Three phase six level 33.25% 10.30%
inverter

Table 11. Comparison of THD in voltage

Name Using pulse generator Using SPWM
Three phase three 8.34% 1.2%
level inverter
Three phase six level 5.51% 0.5%
inverter

Table I11. Comparison of THD in current

I11. Conclusion
In this report, the survey of various multilevel inverter topologies and control strategies has been
presented. The comparison of various inverters using pulse generator and SPWM is presented. And harmonic
analysis is done using FFT analysis. When the number of levels increases the THD in voltage and THD in
current is reduced. And the comparison of the control strategies the SPWM is much better than pulse generator
scheme. The future work on the thesis includes a new three phase six level inverter with reduced number of
components.
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