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Abstract: Multilevel inverters are widely used in many applications due to 

their superior performance over conventional inverter. However, due to 

increasing number of switches in existed multilevel inverts, the cost, size 

and losses are increasing continuously and these factors are directly 

proportional to number of inverter level. Hence, aligned multilevel invert is 

developed and enhanced the analysis on power loses is presented in this 

paper. The number of switches are used in aligned multilevel inverter is 

very less compared to existing multilevel inverters. Moreover, space vector 

pulse width modulation technique is developed for generating pulses to 

inverter. The mathematical calculation of power loss analysis for 7 level 

aligned multilevel inverteris evaluated and presented in this paper.  
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analysis, SVPWM, 7 level inverter. 
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1. Introduction 

Continuous improvements in power electronics introduced multilevel inverter technology 

for many applications including controlling of drives, FACTS devices, voltage controllers, 

renewable applications, grid connected devices etc [1-3]. The developments of multilevel 

inverters are introducing the concept of reduced number of switches. More number of 

switches leads to many problems including increasing cost, size, losses, complexity, 

required more cooling devises and weight. To overcome these problems, authors in [4] 

introduced aligned multilevel inverter with very less number of switches. The model 

configuration of a 7 level aligned inverter is shown in Fig. 1.  
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Fig. 1: configuration of 7 level aligned inverter. 

 

Number of switches and ON time period are very less in aligned multilevel inverter 

compared with existing configurations. Generally multilevel inverters are widely used for 

many application, hence the aligned multilevel inverter are having significant priority to use 

in many places. Therefore, it is necessary to evaluate the power losses in aligned multilevel 

inverter which is considered a very important measure for cost, size, overall efficiency and 

system reliability. However, loss evaluation in aligned multilevel inverter is not an easy 

task due to involving many aspects like, switching time, voltage and current are differ for 

every switch in inverter. For calculation of average power loss the current and voltage are 

multiplied for calculation of average power loss in inverter at every stage. Unfortunately, 

the current flowing through switches is absurd to measure instantaneously, butmeasurement 

of instantaneous voltage is also impossible [5]. Therefore, the analysis of average power 

loss is a very complicated task especially in multilevel inverters. Generally there are two 

kinds of power losses analysis are using such as measurement of conduction and switching 

loss. 
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2. Literature review on Power loss analysis and SVPWM 

Many scholars are examined power loss analysis of different configurations of inverters and 

few of them listed in this paper. Authors [6], introduced a general scheme for analyzing 

switching and conduction losses of powersemiconductors devises which are using in 

inverters based on online simulation. Authors in [7-9] developed different kinds of 

approaches to evaluate power losses for modular multilevel inverters. Authors in [10] 

investigated power losses in cascaded H-bridge inverter for HVDC application. However, 

no one till analyze power losses analysis for aligned multilevel inverter. The conduction 

and switching losses in three-level inverter are presented by authors in [9-10] respectively. 

The new approach of analysis and mathematical calculation of inverter power loss is 

introduced by authors in [11]. However, many of them neglect the effect of ripple current 

on power loss of inverter and also no one done the analysis of aligned multilevel 

inverter.Before approaching power losses analysis of aligned multilevel inverter, Space 

vector pulse width modulation technique is developed for switching pulses of IGBT’s. The 

generalized space vector technology of a seven level aligned inverter (which is shown in 

Fig. 1) depicted in Fig. 2.  

 

 
Fig. 2: SVPWM for aligned multilevel inverter. 

 

3. Mathematical Analysis 

The loss occurs in inverter is determined by the number of ON time period of each 

switching device and the conduction current. In SVPWM modulation method, the switching 

times of each switch is obtained and for aligned multilevel inverter has facility that ON 

time period of each switch is very less compared to other configurations. The total power 

loss is mainly affected by the current impact. The inverter loss generated in IGBT and 
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freewheeling diode, total loss is equal to sum of six IGBTs and two freewheeling diodes 

loss per phase as shown in Fig. 1. 

The conduction loss can be expressed as:  
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Where, Iavg and Irms are the switch’s average and rms current when it is in conduction 

period. The term ‘M’ is used for modulation index.  

The power loss due to diode is expressed by 
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2
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Fromeq(1) and (2), total power loss can be expressed for generalized aligned multilevel 

inverter for level ‘N’ as: 
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Since total number of diodes per phase are only 2 for any number of levels. Moreover, the 

switching time is also very less.  

Apart from this, the switching losses can be obtained by below equation when switch is in 

ON period.  

For each switch, 
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However, the duty cycle expression for 6 sectors needs to be evaluated.  
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The harmonic analysis needs to be implemented to extract loses when converting DC to AC 

through inverter. All the triplen harmonics are generally zero when producing balanced 

three-phase output from inverter,: 
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Where M is modulation index. 

 

The total conduction losses can be expressed by(for 7 level inverter) 
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4. Conclusions:  

The power loss analysis of aligned multilevel inverter is done with the help of switching 

losses and conduction losses. The harmonic content also included to enhance more realistic 

system. The analysis is made for a seven level aligned inverter with SVPWM technique. 

The switching time period is very less compare to other configurations, hence total 

conduction losses are reduced. The switching losses also minimized due to less number of 

switches. Moreover, only two diodes are required for each phase. This implied fewer losses 

due to diodes.  
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