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Analytical Harmonic Analysis of Multilevel Inverters with
Unbalanced Switching
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1- Faculty of Electrical and Computer Engineering, University of Tabriz, Tabriz, Iran,
Emails: {shahmohamadi, hosseini, e-babaei, sabahi, j.fallah} @tabrizu.ac.ir

Abstract: In practical applications of inverters, unbalanced conditions may be occurred. For instance, semiconductor switches of a
converter may not be exactly the same or switching circuit may be unbalanced. This unbalance leads to additional harmonics in the
output of converter. The additional harmonics usually are not considered in the design of circuit, so cause many problems. For precise
investigation of these harmonics, a new model of inverter based on switching functions is presented. With this model, analytical
equations of harmonics in unbalanced switching are calculated. These analytical equations can be used for designing process such as
investigation of optimal cases or elimination of undesired harmonics. The accuracy of the analytical calculations is verified by
simulation results. As well, an experimental prototype is constructed to verify analytical results.

Keywords: Multilevel inverters, Voltage harmonics, Unbalanced switching angles, Analytical relations, Modeling.
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