SWITCHING LOSSES AND HARMONIC INVESTIGATIONS
 IN MULTILEVEL INVERTERS
ABSTRACT
For low- and medium-power applications, square wave or quasi-square wave voltage may be acceptable, but for high-power applications, sinusoidal waveforms with low distortion are required. Harmonic contents present in the output of a dc–ac inverter can be eliminated either by using a filter circuit or by employing pulse width modulation (PWM) techniques. Use of filters has the disadvantage of large size and cost, whereas use of PWM techniques reduces the filter requirements to a minimum or to zero depending on the type of application. 
Use of conventional two-level pulse width modulation (PWM) inverters provide less distorted current and voltage but at the cost of higher switching losses due to high switching frequencies. The two-level high frequency PWM inverters have some drawbacks, such as production of common-mode voltages, more switching losses, requirement of switches with very low turn-on and turn-off times, large dv/dt rating, problem of voltage sharing in series connected devices and introduction of large amount of higher order harmonics Multilevel inverters are emerging as a viable alternative for high power, medium voltage applications. They offer the advantage of less switching stress on each device for high voltage, high power applications, with a reduced harmonic content at low switching frequency.

This paper compares total harmonic distortion and switching losses in conventional two-level inverters with multilevel inverters (three-level and five-level) at different switching frequencies. Two-Level Inverters is the most widely used topology in various low and medium-power applications. This topology can be used at a very high switching frequency to obtain low THD by using PWM techniques. Power devices are to be connected in series–parallel to achieve a large power capability. They suffer from static and dynamic voltage sharing problems in series and parallel connection of power devices, high rate of change of voltage due to synchronous commutation of series devices and inclusion of high switching frequency harmonic contents in inverter output voltage. Multilevel inverters have grown as better counterparts to conventional two-level inverters. 
Commonly employed multilevel inverter topologies are Diode Clamped, Capacitor Clamped and Cascaded Multilevel inverters. In all these topologies, the output voltage is synthesized from several levels of input voltages obtained from several capacitors connected across the dc bus. Modulation techniques for voltage source inverters may be carrier based or carrier-less and open loop or closed loop. An optimized switching frequency has been obtained for a lower level of total harmonic distortion and switching losses. Diode-clamped, three-phase topology is considered for study. A sinusoidal PWM technique is used to control the switches of the inverter. Simulation study confirms the reduction in harmonic distortion and switching losses as the number of the levels increases.

