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ABSTRACT 

 

Multi-level inverters have proved their efficiency for usage in variety of renewable energy applications. 

Therefore Converting DC voltage in a power bank containing multiple units using directly a multilevel 

inverter is a very powerful converting method. In this paper we present an analysis study of the cascaded 

H-bridge inverter in different conditions and different states namely 5, 9, and 17 levels. The architecture 

used trough the entire study is the same topology, the same command type was applied for all the models 

(SPWM). The study focuses on the output voltage quality and the efficiency of the power conversion. The 

study also discusses the influence of the unbalanced units state of charge inside the power bank on quality 

of the output voltage and present the most efficient level state configuration in both cases balanced and 

unbalanced. 
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1. INTRODUCTION  

Multilevel inverters developed and studied 

recently, have shown a great reliability and better 

efficiency compared to classic DC/AC converters 

[1- 4]. Their development has been marked by the 

progress of semiconductor material technology and 

the development of digital signal processing. There 

are three basic multilevel inverters topologies the 

flying capacitor multilevel inverter FCMLI, the 

diode clamped multilevel inverter DCMLI and the 

cascaded H-bridge multilevel inverter [5- 10]. The 

CHMLI is the most suitable multilevel inverter for 

use with power banks containing multiple DC 

storage units. This multilevel inverter produces the 

best voltage output quality compared to the other 

architectures. The CHMLI is easy to command 

when looking to upgrade the numbers of levels. 

This study presents a comparative study of this 

same multilevel inverter in different states, levels 

and DC sources conditions. Thus we discuss the 

effect of unbalanced DC storage unit’s state of 

charge on the output power quality. The study 

presents an analysis of the cascaded H-bridge 

multilevel inverter in 5 levels, 9 levels and 17 

levels conditions. In both balanced and unbalanced 

DC sources we used the same command (SPWM) 

[11-13]. An evaluation of the effect of the 

multilevel inverter level state in both balanced and 

unbalanced conditions is also presented. 

 

2. THE BASIC CIRCUIT STUDY 

2.1 CHMLI architecture 

In order to simulate the effect of the power 

bank we set up multiple batteries in Matlab 

simulink. Each multilevel inverter uses sources 

simulated inside the power bank model depending 

on the number of levels. Figure 1 presents the 

model principle for the simulation of 3 levels H-

Bridge inverter. 

 

 

 

 

 

 

 

 

 

 

 
The CHMLI uses the batteries inside the power 

bank as DC sources to synthesize a stair wave 

voltages staged in several levels, creating the 

sinusoidal signal. This multilevel inverter is 

composed of multiple full bridge inverters blocks; 

each block contains four power switches, and the 

phase voltage is the sum of the output voltages of 

each individual full bridge. It is very important to 

 
Figure 1: 3 levels H-bridge simulation setup. 
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notice that this multilevel inverter avoids the use of 

interlocking diodes or balancing capacitors, and 

offers a very easy platform to control the firing 

angles of different voltage levels [14-16]. In order 

to relate the level state (�) to the architecture 

configuration we can use the following relation: 

� � 2�� � 1								��: 
����	��	������				�1� 

� � 2�� � 1�								�: ����	��	�������						�2� 

2.2 Law command and the power bank model 

In order to work with unified conditions, we 

used trough our study the same law command 

(SPWM). This widely used command basically 

compares a reference signal V��  to a number of saw 

tooth carriers depending on the level we want to 

produce. Figure 2 illustrates the reference signal 

along with the saw tooth carriers. 

 

 

 

 

 

 

 

 

 
For three phases the reference signals can be 

expressed as follows: !"	#$% � &.�. ��
���� 																															�3�	
!)	#$% � &.�. ��
 *�� � 2+3 ,																		�4�	
!.	#$% � &.�. ��
 *�� � 4+3 ,																	�5�	

Where A is the Magnitude, m the modulation index 

and f is the frequency. In our study we took: 

A � 10,	m � 0.6 and f � 5
)6                 (6) 

In order to see the mutual influence of the CHMLI 

different configurations on the power bank and the 

DC storage units unbalance state of charge on the 

output voltage quality, we modeled the power bank 

out of a multitude of lead-acid batteries on Matlab 

Simulink having the following simulation 

characteristics: 

• Nominal voltage: 12V 

• Rated capacity: 6.5 Ah 

• Initial state of charge: 100% 

• Maximum capacity: 6.77 Ah 

• Fully charged voltage: 13.06 V 

• Nominal discharge current: 1.3 A 

• Internal resistance: 0.02 Ω 

3. STUDY OF THE CHMLI IN DIFFERENT 

CONFGURATONS 

3.1 CHMLI in 5 levels mode 

Figure 3 illustrates the architecture of the 5 

levels cascaded H-bridge multilevel inverter used in 

Matlab simulink. 

 

 

 

 

 

 

 

 

 

 

 

 
In this configuration we used two full bridge 

sections. The power bank was divided into two 

parts in order to simulate the functioning of the 

CHMLI in both balanced and unbalanced DC 

sources. Figure4 and 5 illustrates the voltage output 

for balanced and unbalanced DC sources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
As it can be clearly seen in figure 4 and 5, 

the maximum voltage when the power bank 

 
Figure 2: SPWM used in the simulation. 

 

Figure 3: 5 levels H-bridge simulation setup. 

 

Figure 4: 5 levels H-bridge voltage output, balanced DC. 

 

Figure 5: 5 levels H-bridge voltage output, unbalanced DC. 
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operates normally is 240V, and when unbalanced is 

206V. 

In order to assess the voltage output quality 

of the 5 levels H-bridge a spectral analysis was 

performed in both cases figure 6 and 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spectral analysis of the 5 levels H-bridge 

multilevel inverter output voltage registered 

35.12% when working with a balanced DC sources, 

and 43.9% when working in a 30% unbalanced 

power bank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 CHMLI in 9 levels mode 

Figure 7 illustrates the 9 levels H-bridge 

topology used in Matlab Simulink. For the sake of 

uniformity of results we carefully adopted the same 

SPWM command and the same balancing 

conditions for all level configurations. 

In this configuration we used four full bridge 

sections. The power bank was divided into four 

parts in order to simulate the functioning of the 

CHMLI in both balanced and unbalanced DC 

sources. Figure 9 illustrates the voltage output for 

balanced DC units in the power bank. 

 

 
 

 

 

 

As it can be seen in the figure 9, the 

maximum voltage output is the sum of the power 

bank units DC voltage 240V. In order to assess the 

impact of unbalanced batteries in the power bank 

on the 9 levels CHMLI, we caused the same 

unbalanced effect as before. Figure 10 is the output 

voltage of the 9 levels cascaded H-bridge multilevel 

inverter with unbalanced power bank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: 5 levels H-bridge voltage spectrum, 

balanced DC. 

 
Figure 7: 5 levels H-bridge voltage spectrum, 

unbalanced DC. 

 
Figure 8: 9 levels H-bridge simulation setup. 

 

 



Journal of Theoretical and Applied Information Technology 
 30

th
 June 2016. Vol.88. No.3 

 © 2005 - 2016 JATIT & LLS. All rights reserved.   

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
437 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As is it can be seen in figure 10 the output 

voltage peak when there is the same unbalancing 

effect as before is 205V. 

A spectrum analysis of the output voltage offers a 

means of evaluating the quality of the power 

offered by the 9 levels CHMLI. Figure 11 and 12 

illustrate the spectrum analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spectral analysis of the 9 levels H-bridge 

multilevel inverter output voltage registered 

22.75% when working with a balanced DC sources, 

and 28.6% when working in a 30% unbalanced 

power bank. We noticed that the DC units 

unbalancing has almost the same effect over the 

THD whether we work with a distributed or 

concentrated unbalancing effect. 

 

3.3 CHMLI in 17 levels mode 

Figure 13 illustrates the 17 levels H-bridge 

topology used in Matlab Simulink. We carefully 

adopted the same SPWM command by adding the 

right number of carriers. The carrier repeats itself in 

time using the following law:  

�7��� �
89:
9; 3�� � 3<, 
 � 1 > � ? 2
�
�3�� � 3<, 2
� > � > 2�
 � 1��

		�7� 

Where: �7 is the carrier N°<, f is the carrier 

frequency, and�
 ∈ B��. 

The reference signal can also in this case of 17 level 

CHMLI be expressed as: C��� � �D sin�2+H��																						�8� 

Where: H is the reference signal frequency (50	JK 

in our this study) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10: 9 levels H-bridge voltage output, unbalanced DC. 

 
Figure 11: 9 levels H-bridge voltage spectrum, 

balanced DC. 

 
Figure 12: 9 levels H-bridge voltage spectrum, 

unbalanced DC. 

 
Figure 13: 17 levels H-bridge simulation setup. 
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In this configuration we used eight full 

bridge sections. For the sake simplicity of the 

diagram each full bridge was put into a block. The 

power bank was divided into eight parts in order to 

simulate the functioning of the CHMLI in both 

balanced and unbalanced DC sources. The 

unbalancing effect is also the same as in the 

previous simulations. Figure 14 illustrates the 

voltage output for balanced DC units in the power 

bank. 

 

 

 

 

 

 

 

 

As it can be observed in the figure 14, the 

maximum voltage output is the sum of the power 

bank units DC voltage 240V. In order to assess the 

impact of unbalanced batteries in the power bank 

on the 17 levels CHMLI, we generated the same 

unbalanced effect as before. Figure 15 represents 

the output voltage of the 17 levels cascaded H-

bridge multilevel inverter with unbalanced storage 

units. 

 

 

 

 

 

 

 

 

The Figure 15 shows that the output voltage 

peak is 205V as observed in previous 

configurations, which is the sum of the DC voltage 

values of the power bank storage units. Figure 16 

and 17 show the 17 levels H-bridge output voltage 

spectrum analysis in both cases balanced and 

unbalanced power bank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spectral analysis of the 17 levels H-bridge 

multilevel inverter output voltage registered 7.85% 

when working with a balanced DC sources, and 

9.2% when working in a 30% unbalanced power 

bank. We noticed that the DC units unbalancing has 

almost the same effect over the THD whether we 

work with a distributed or concentrated 

unbalancing effect, this is due to the fact that the 

DC storage unit’s share in the output sinusoidal 

signal is less and less important as we increase the 

level of the CHMLI. 

4. SIMULATION RESULTS ANALYSIS 

The study showed that the H-bridge multilevel 

inverter produces an output voltage with important 

THD when working in low levels. The THD 

however decreases as we increase the CHMLI level 

state. The DC storage units unbalancing is a major 

factor in increasing the THD value for a given 

multilevel inverter. However we can notice that the 

unbalancing impact is less important inside the 

power bank as we increase the multilevel inverter 

level; this is due to the fact that every unit’s 

contribution in the output signal is less important. 

The THD results are summarized in table 1 for the 

different cases studied. 

 

 

 
Figure 14: 17 levels H-bridge voltage output, balanced DC. 

 
Figure 15: 17 levels H-bridge voltage output,  

unbalanced DC. 

 
Figure 17: 17 levels H-bridge voltage spectrum, 

unbalanced DC. 

 
Figure 16: 17 levels H-bridge voltage spectrum, 

unbalanced DC. 
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CHMLI 

state 

Power 

bank 

sections 

Dc voltage 

contribution 

per section 

(V) 

THD 

(balanced 

power bank) 

THD 

(unbalanced 

power bank) 

5 2 120 35.12 % 43.9 % 

9 4 60 22.75 % 28.6 % 

17 8 30 7.85 % 9.2 % 

 

Table 1 confirms that the DC storage units 

in the power bank reduce their contribution to the 

output signal as the CHMLI level increases. Figure 

18 illustrates how the THD level changes with the 

H-bridge multilevel inverter state. 

 

 

 

 

 

 

 

 

 

 

 

In order to plot the chart in figure 18 we had 

to push our simulation tests to all the levels from 5 

to 17. We can see that the same unbalancing effect 

in the power bank varies with level state increasing. 

We notice that the unbalancing impact is less 

important on power quality as the level is higher; 

the same unbalancing effect in 5 levels mode 

causes a difference of 8.8% between the two cases 

while in 17 levels mode it causes only 1.4% 

difference. Therefore if the level is high enough 

there is no need for technical measures to prevent 

unbalancing. This criterion is very needed in 

photovoltaic panels’ applications where the sun 

radiance in unpredictable over the day during very 

short periods of time, on cloudy days when the sun 

disappears suddenly for example. 

5. CONCLUSION 

In this article we studied the cascaded H-

bridge multilevel inverter in many configurations 

and simulation conditions. We investigated this 

multilevel inverter in levels modes ranging from 5 

to 17, namely we detailed the simulation of 5, 9 and 

17. The study showed that the CHMLI works at its 

best performance in high levels. In our analysis we 

can say that the CHMLI compensates the 

Unbalancing problems caused by non distributed 

power charge on power bank units. In our study the 

17 levels H-bridge inverter has proved to be a very 

reliable solution against unbalancing states in the 

power storage units. This study proved that a power 

conversion system based on a CHMLI is very 

reliable and cost efficient due to the fact that no 

special measures are needed to overcome the 

unbalancing problems. Therefore the CHMLI is 

capable of preserving the power storage units life 

time. Further work is planned to establish an 

efficient power management method in the power 

bank in order to keep balanced power availability at 

any time. 
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