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Abstract—the paper proposes a new method of equal 

switching distribution that can be applied to cascaded multi-

level inverters. This method is based on the fact that in the 

cascaded multilevel inverters, the output phase voltage is the 

sum of voltage waveforms produced by all cascaded cells. 

By periodically exchanging cells’ voltage waveforms, the 

proposed method ensures equal average switching’s 

distribution between all cascaded cells. This method is 

applied to the 13-level inverter, which consists of three 

cascaded 5-level H-bridge cells per phase. However, the 

proposed method can be extended to any desired number of 

voltage levels and applied to any type of cascaded multi-

level inverter. Extensive simulation results of the tested 13- 

level inverter with the equal switching distribution are 

presented. Moreover, the proposed method is compared to 

the standard control approaches and its advantages are 

shown. 
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I. INTRODUCTION 

The multi-level inverter, comprising medium voltage basic 

cells, has entered the market of controlled voltage sources 

more and more due to several important advantages. They 

are suitable for Medium Voltage Inverters (MVI) as several 

active switching cells are connected in series; therefore, the 

multi-level inverters are suitable for high voltages high 

power applications. The output voltage wave is built up 

from several staircases that mitigate the voltage gradient 

dv/dt stresses on electric machine or transformer windings 

connected to the multi-level inverters. Furthermore, the 

output voltage waveform has a much lower THD factor than 

that of their two-level counterparts. 

There are several basic configurations for multi-

level inverters, and each of them has its advantages and dis-

advantages versus the others [1-3]. All of them produce the 

output voltages by adding or subtracting several dis-tinct 

DC voltages to/from others. One of the configurations is the 

Neutral Point Clamped (NPC) multi-level inverter [4-9]. 

The distinct DC voltages are obtained by charging several 

capacitors from only one DC voltage source. The principal 

advantage is the need for only oneDC voltage source. The 

principal disadvantage is the need to control and regulate the 

capacitor charging/dis-charging processes to ensure that 

their voltage levels re-main quasi constant. Another distinct 

type of multi-level inverters is the Cascaded H-Bridge 

configuration (the multi-cell topology) [10-12]. Here, each 

inverter phase is built of several series connected H-bridges, 

while each H-bridge is supplied by its own DC voltage 

source. The principal advantage is stable voltage level on 

the H-bridge active switches which are fixed by the DC 

voltage sources, while their main disadvantage is the need 

for several DC voltage sources. 

The proposed switching distribution method is 

applied to the 13-level inverter which consists of three series 

cascaded 5 -level H-bridges on each inverter phase (see 

Figure 1). The H-bridges use a neutral point 

clampingapproach to get 5-level phase voltages in place of 

the 3-level phase voltages commonly obtained with standard 

H-bridges. The inverter is controlled by Phase Disposition 

PD PWM [13, 14]. 

 

Fig. 1: the proposed 13-level cascaded H-bridge invertor 

The inverter 13-level output voltage per phase is obtained as 

a staircase wave, while each H-bridge contrib.-Utes to its 

particular levels. 

Section 2 presents the problem of H-bridge cells 

un- balanced loading and switching in multilevel cascaded 

inverters. Section 3 introduces the proposed method and the 

simulation results. Several aspects such as Total Harmonic 

Distortion Factor (THD) of the inverter output currents, 

phase and line to line voltages, harmonic con-tent, 

frequency spectrum distribution, switching number for 

different modulation and carrier frequencies, and 

modulation indexes are simulated. Section 4 presents the 

conclusions of the paper. 

II. THE PROBLEM OF H-BRIDGES UNBALANCED 

LOADING AND SWITCHING IN MULTILEVEL 

CASCADED INVERTERS 

In the multi-level cascaded inverters, each H-bridge cell 

produces its own voltage waveform which contributes 

specific voltage levels to the total output phase voltage. As a 

result, there is a problem of unequal switching and loading 

of cascaded H-bridge cells. In order to under-stand this 

problem, the simulations results of 13-level cascaded 
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inverter for modulation indexes of 1 and 0.1, with standard 

PD PWM control (without applying equal switching 

distribution method) are shown in Figure 2 and 3. 

The typical loads for the inverter are synchronous 

motors in a quasi-steady state. Therefore, a steady state 

model for the synchronous motor is used in simulations. 

The parameters of 

simulations are: 
V
DC 

2000V 

(per 5-level H-

bridge) 

NPC capacitors C1  C2  mF 

The load parameters 

per phase are: 
R   L  H 

And a sinusoidal back electro-motive force (EMF). The 

back EMF could be changed according to the desired power 

factor, frequency, and voltage. 

In the case of modulation index 1, every H-bridge 

pro-duces its own voltage (see Figure 2(e)) and as a result, 

each H-bridge has different switching’s number. Table 1 

shows the THDs of the phase current, phase and line 

voltages, and switching’s number in every bridge cell. Table 

1show that H-bridge3 has 150 switching’s/sec ineach 

transistor compared to 50 switching’s/sec in H-bridge1 and 

H-bridge2. This unequal switching is undesirable because it 

can cause extra heating and shorten lifetime of the 

transistors in H-bridge3. 

This problem becomes more severe when the 

modulation index is decreased below 1, especially when it 

approaches low values such as 0.3 and lower. When the 

inverter is operated at modulation index of 0.1, the phase 

voltage is decreased to three voltage levels. 

 

 

 

 

Fig. 2:Simulation results, current and voltage waves and 

their spectra, while the modulation frequency is 50 Hz. 

 

 

Fig. 3(e) shows that at modulation index of 0.1,only H-

bridge1 is switched while the H-bridge2 and H-bridge3 are 

not operated at all. In this case, the H-bridge1 is switched at 

250 switching’s/sec in each transistor. The inverter’s 

operation at low modulation indexes increases imbalance in 

H-bridges switching and loading. 
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III. THE PROPOSED SWITCHINGS DISTRIBUTION 

METHOD 

In order to solve the problem of unbalanced switching of the 

H-bridge cells, the equal switching distribution method is 

proposed. The method uses the operation principle of the 

multilevel inverter: the control unit of the inverter generates 

the desired PWM signals that are applied to the H-bridge 

cells; each H-bridge cell produces its own output voltage 

according to the applied PWM signal. There are three H-

bridges that receive three PWM signals per phase. The 

proposed equal switching distribution method periodically 

exchanges these three PWM signals between the three H-

bridge cells. The exchanging of PWM signals is performed 

every 0.02sec, which is the cycle time of the 50Hz 

modulation signal. As a result, the output voltage of each H-

bridge is changed three times, every 0.02sec (see Figure 4). 

The phase voltage is the sum of three H-bridges 

output voltages. Although the output voltages are exchanged 

every modulation cycle, their sum remains unchanged. 

Therefore, the inverter phase voltages and inverter’s load are 

uninfluenced by the equal switching distribution method. 

The proposed equal switching distribution method 

is applied to the 13- level cascaded inverter for modulation 

indexes of 1, 0.6, 0.3 and 0.1, with standard PD PWM 

control. Table 1 shows the comparison of 13-level cascaded 

inverter operated with standard approach (without 

application of equal switching distribution method) and 

operated with equal switching distribution method, for 

Modulation indexes of 1, 0.6, 0.3 and 0.1. Moreover, the 

simulated phase current, phase and line voltages and H-

bridges output voltages for modulation index 1 and 0.1 are 

shown in Figures 5 and 6 respectively. 

Table 1 show that the application of the 

proposedmethod does not affect the inverter’s load 

parameters such as THDs of the phase current, phase and 

line volt-ages. Moreover, the loads phase current, phase and 

line voltages spectrums are also unaffected by the 

application of the proposed method (it can be seen from 

comparison of Figures 2(b)-(d) with Figures 5(b)-(d) and 

Figures3(b)-(d) with Figures 5(b)-(d)). This is an important 

ad-vantage of the proposed method. 

Figure 5(e) and Figure 6(e) show how the H-

bridgesoutput voltages are exchanged every cycle of 

modulation signal (0.02sec) and that average switching’s 

number be-comes equal in all three H-bridges. For example 

in the case of modulation index 0.1, without application of 

the proposed method, the transistors in H-bridge3 were 

switched at 250 switching’s/sec and other two H-bridges 

were not operated at all. After application of the proposed 

method, transistors in all three H-bridges are switched at the 

same 83 switching’s/sec. 

Moreover, Table 1 shows that the change in the 

modulation index affects the number of the voltage levels in 

the output voltages, e.g., there are thirteen voltage levels in 

the phase voltage with modulation index 1, but only three 

voltage levels with modulation index 0.1. As a result, the 

appearance of the output current and voltage waves changes 

as well as their spectra and harmonic content and 

distribution. Regarding the output voltage waves, it is seen 

that their waves better resemble a sinusoidal wave as the 

number of levels increases. As a result, their THDs decrease 

as well. Furthermore, the harmonic content concentrates to 

higher harmonics as the level number decreases. 

IV. CONCLUSIONS 

The paper presents the equal switching distribution method 

for multilevel cascaded inverters. This method uses the 

operation principle of the multilevel inverter and 

periodically exchanges three PWM signals between three H-

bridge cells. The exchanging of PWM signals is per-formed 

every cycle time of the 50Hz modulation signal. In order to 

examine the effectiveness of the proposed method, it was 

applied to the 13-level cascaded H-bridge inverter. 

However, it can be applied to any topology of cascaded 

multilevel inverters and to any number of levels. The tested 
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13-level inverter was operated by a PD carrier based PWM 

approach. 

The significant advantage of the proposed method 

is equal switching number of all H -bridge cells of the 

inverter. It ensures equal loading of the transistors and thus 

prevents their overheating and prolongs their lifetime. The 

total switching’s number of the inverter remained 

unchanged. Another important advantage of the proposed 

method is that its application does not affect the inverter’s 

load parameters such as THDs of the phase cur-rent, phase 

and line voltages. Moreover, the loads phase current, phase 

and line voltages spectrums are also unaffected by the 

application of the proposed method. 

 

Fig. 4: The PWM generator generates three PWM signals 

for three H-bridge cells per phase. Each H-bridge produces 

its output voltage according to the applied PWM signal. The 

obtained phase voltage is the sum of these three output 

voltages. The PWM signals are exchanged between the H-

bridges every cycle of the modulation signal (0.02sec). After 

three cycles, the process is repeated; (a) the first state where 

PWM signal is applied to the H-bridge 1, PWM signal 2 is 

applied to H-bridge 2 and PWM signal 3 is applied to H-

bridge 3. (b) The second state where PWM signal 3 is 

applied to H-bridge 1, PWM signal 1 is applied to H-bridge 

2 and PWM signal 2 is applied to H-bridge 3. (c) The third 

state where PWM signal 2 is applied to H-bridge 1, PWM 

signal 3 is applied to H-bridge 2 and PWM signal 1 is 

applied to H-bridge 3. 
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Fig. 5:Simulation results, current and voltage waves and 

their spectra, while the modulation frequency is 50 Hz, 

the carrier frequency 1050 Hz, and the modulation index 

is 1 (there are 13 voltage levels in the output phase 

voltage), PD PWM method, the H-bridge cells voltages 

are exchanged every 0.02 sec: (a) phase “A” current, 

phase “A” voltage, and line “AB” voltage; (b) spectrum 

of the phase current; (c) spectrum of the phase voltage; 

(d)spectrum of the line voltage; (e) phase “A” 13-level 

PWM signal versus H-bridges output volt. 
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