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Abstract: The use of multilevel inverters have become popular in recent years for high power application. 

Multilevel inverters are power converter systems composed by an array of power semiconductors sources that 

when properly connected and controlled can generate a multistep voltage waveform with variable and 

controllable frequency, phase and amplitude. This study deals a nine level inverter system with different types of 

loads; the voltage source inverters( VSI ) are modelled and simulated using MATLAB simulink and the result 

are presented. The test results verify the effectiveness of the proposed strategy in terms of computational 

efficiency as well as the capability of the inverter to produce very low distorted voltage with low switching 

losses. This research aims to extend the knowledge about the performance of different clamped multilevel 

inverter through harmonics analysis. Simulations results validate up to the mark performance of the mentioned 

topologies.     
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I. Introduction 
Power Electronic Converters, especially DC/AC PWM inverters have been extending their range of use 

in industry because they provide reduced energy consumption, better system Efficiency, improved quality of 

product, good maintenance, and so on. 

For a medium voltage grid, it is troublesome to connect only one power semiconductor switches 

directly [1, 2, 3]. As a result, a multilevel power converter structure has been introduced as an alternative in high 

power and medium voltage situations such as laminators, mills, conveyors, pumps, fans, blowers, compressors, 
and so on. As a cost effective solution, multilevel converter not only achieves high power ratings, but also 

enables the use of low power application in renewable energy sources such as photovoltaic, wind, and fuel cells 

which can be easily interfaced to a multilevel converter system for a high power application. 

The most common initial application of multilevel converters has been in traction, both in locomotives 

and track-side static converters [4]. More recent applications have been for power system converters for VAR 

compensation and stability enhancement [5], Active Filtering [6], High- Voltage motor drive [3], High-voltage 

DC transmission [7], and most recently for medium voltage Induction motor variable speed drives [8]. Many 

multilevel converter applications focus on industrial medium-voltage motor drives [3, 9], utility interface for 

renewable energy systems [10], Flexible AC transmission system (FACTS) [11], and Traction Drive systems 

[12]. 

 

II. Cascade Multilevel Inverter 
CHB are multilevel inverters formed by the series connection of two or more single phase H-bridge 

inverters, hence the name. Each H-Bridge corresponds to two voltage source phase legs where the line- line 

voltage is converter output. Therefore a single H-Bridge converter is able to generate three different levels. Each 

leg has only two possible switching states. To avoid dc-link capacitor short circuit since there are two legs, four 

different switches states are possible, although two of them have reduced output voltage. The zero level can be 

generated connecting the phase outputs to the positive or the negative bars of the inverter. When two or more H- 

bridges are connected in series. Their output voltages can be combined to form different levels, increasing the 

total inverter output and also its rated power.   
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Fig III: Cascade Multilevel Inverter 

 

III. Methods For Harmonic Reduction In Inverters 
In case of an inverter, it is very important to remove the harmonics from the ac output.  The harmonics 

present in a DC to AC inverter are very much obvious compared to the harmonics that can be present in an AC 
to dc converter.  This is because of the output of DC to AC inverter.  Thus, the filters that are used in DC to AC 

inverter have different designs compared to the filters used in AC to DC converters.  In case of AC to DC 

converters, the main objective is to improve the output voltage ripple. Thus, passive filters can be easily used in 

order to improve the output of an AC to dc converter.  While, in case of DC to AC inverter, the harmonic 

reduction is harder and it also includes the use of active filters. One such technique is explained below. 

The ratio of Vr/Vc is called Modulation Index (MI) and its control the harmonic contentof the output 

voltage waveform. The magnitude of fumdamental component of output voltage is proportional to MI, but MI 

can never be more than unity. Thus the output voltage is controlled by varyiong MI 

 

IV. Multicarrier Pulse Width  Modulation 
The most common and popular technique of digital pure-sine wave generation is pulse width 

modulation. The PWM technique involves generation of a digital waveform, for which the duty cycle is 

modulated such that the average voltage of the waveform corresponds to a pure sine wave. The simplest way of 

producing the PWM signal is through comparison of a low-power reference sine wave with a triangle wave. 

Multicarrier PWM methods uses high switching frequency carrier waves in comparison to the reference waves 

to generate a sinusoidal output wave. The Figure-5.5 shows multicarrier PWM waveform for cascaded 

multilevel inverter. 

 
Fig IV: Multi carrier PWM waveform 

 

 

 

 

 

 

 

 



Reduction of Total Harmonic Distortion in Nine level Cascaded Multilevel Inverter with …..   

www.iosrjournals.org                                                    14 | Page 

V. Matlab Simulink Based  Models Of Cascade Multilevel Inverter 

 
Fig V(A): Nine level with R load 

 
 Fig V(B): Nine level with RL load 

 
Fig V(C): Nine level with RLC load 
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Fig V(D): Nine level with RLE (MOTOR) load 

 

VI. Results And Analysis 

 
Fig VI(A): Waveforms of R load 

 

 
Fig V1(B): THD analysis of R load 



Reduction of Total Harmonic Distortion in Nine level Cascaded Multilevel Inverter with …..   

www.iosrjournals.org                                                    16 | Page 

 
 Fig VI(C): Waveforms of RL load 

 

 
Fig VI(D): THD analysis of RL load 

 

 
Fig VI(E): Waveforms of RLC load 



Reduction of Total Harmonic Distortion in Nine level Cascaded Multilevel Inverter with …..   

www.iosrjournals.org                                                    17 | Page 

 
Fig VI(F): THD analysis of RLC load 

 

 
Fig VI(G): waveform of RLE load 

 

 
Fig VI(H): THD analysis for nine level with motor in line voltage 1 
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Fig VI(I):  THD analysis for nine level with motor in line voltage 2 

 

 
Fig VI(J): THD analysis for nine level with motor in line voltage 3  

 

VII. Table For Parameters 
Voltage 350 V (Line to Line) 

Nominal Power 3730 W 

Frequency 50 Hz 

Pole Pair 2 

Torque 3 N-m 

Speed 1500 Rev/min 

Rotation inertia 0..02 Kg-m
2
 

Stator Resistance(Rs) 1.115 Ω 

Rotor Resistance(Rr) 1.083 Ω 

Stator Inductance (Ls) 0.005974 H 

Rotor Inductance (Lr) 0.005974 H 

Mutual Inductance (Lm) 0.2037 H 
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VIII. Summary Of Results 
Loads Nine Levels MLI THD (%) 

R 3.13 

RL 3.12 

RLC 3.06 

Motor (RLE load) Nine Levels MLI THD (%) 

Line voltage 1 7.35 

Line voltage 2 7.01 

Line voltage 3 7.20 

 

IX. Conclusions 
In this research paper, the nine level multilevel H-bridge inverter is briefly discussed. And an 

implementation is done in MATLAB/SIMULINK software tool. From the analysis, nine level multilevel 

inverters is the best suited topology for the dc to ac conversion. Multi carrier PWM modulation technique is best 

technique, which gives low total harmonic distortion (THD). 
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