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This paper presents the analysis study between multilevel inverters that are
often classified into multilevel voltage source and multilevel current source
inverters. For multilevel voltage source inverter (MVSI), the specific
topology studied for this work is the Cascaded H-Bridge MVSI. Whereas, the
multilevel current source inverter (MCSI) is based on Paralleled Inductor
Configuration MCSI. For this study, the analysis between these converters
are done with respect to the number of components, the advantages and
disadvantages of each converters during performing inverter operation. In
term of output voltage and current quality, the percentage of the Total
Harmonic Distortion (THD) are measured and compared for both topologies.
MATLAB/Simulink software has been used in this research to design and
simulate in order to study the performances of both inverters.
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1. INTRODUCTION

The Inverter has been the number one choice to be used in the industry for many years out of all
power electronic devices in order to convert dc to ac power at the desired frequency and output voltage. For
applications that uses high voltage and power, conventional inverter has commonly been used. It operates at
high rating constraints with high switching frequency and high switching losses which makes it popular to be
used among industrial users. Besides facing the EMI, harmonic distortion and high stress, the most common
problem of any inverters are the total harmonic distortion (THD) at the output voltage and current [1-3].
These problems caused difficulties for the power electronic devices to be interfaced directly to the medium or
high voltage grid. Therefore, different topologies of the multilevel inverters were introduced to overcome
these problems. By employing the Multilevel inverters, several AC output voltage and current levels can be
obtained with sinusoidal waveforms which have low THD levels at the output voltage and current [4-7].

Multilevel inverters have been widely used in industrial applications for high ranges of voltage and
power [8-11]. Some of the advantages of using the multilevel inverters are the increase of voltage and current
levels with staircase waveforms, the reductions of total harmonic distortions THD, systems are able to
operate at fundamental and high switching frequency, high power quality, lower switching losses and etc
[12-14]. Meanwhile, the disadvantage would be that multilevel inverters require high number of power
electronic switches. Thus, with high number of components, it would cause the overall system to be
expensive, complex and sometimes, unpractical to be realized [15, 16]. Multilevel Voltage Source Inverter
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(MVSI) and Multilevel Current Source Inverter (MCSI) are the two well-known multilevel converters that
have different topologies besides having the same working principles [17-19]. Thus, MCSI can use the same
power semiconductor devices used for MVSI with some modifications [2, 4]. The input current of the
multilevel current source inverter is kept constant meanwhile the output current is independent of the load
changes. Unlike MVSI, MCSI does not require any feedback diode and the commutation circuit is much
simpler with short circuit operation. However, majority of the worldwide prefers to install the voltage source
inverter (VSI) followed by current source inverters (CSI). VSI has been dominating the industrial market
which results in the limitations of research on multi-level current source inverters [20-23]. The main reason
for the lack of interest on MCSI is the bulky DC link inductor size as compare to VSI with a smaller static
DC link capacitor. However, it is known that MCSI has better performance compare to MVSI especially in
the medium-voltage drive applications such as simple converter structures, low switch count, and reliable
over-current/short-circuit protection [12, 21]. For this research, the specific topology studied for the MVSI is
the Cascaded H-Bridge Converter. Meanwhile, the MCSI focuses on the Paralleled Inductor Converter. Both
Multilevel Inverters have their own advantages and disadvantages. Thus, the aim of this study is to compare
the two topologies and to explore the performance of the two multilevel topologies. MATLAB/Simulink
software has been used as a simulation software to analyze and make the comparison between the two
topologies namely Cascaded H-Bridge MVSI and Paralleled Inductor Configuration MCSI.

2. RESEARCH METHOD
2.1. Cascade H-Bridge Multilevel Voltage Source

Voltage Source Inverter (VSI) is one of the types of DC/AC Converters that is commonly used in
the industrial applications and has been studied extensively. This particular converter is divided into three
which are the Half-Bridge, Full Bridge and Multilevel Inverter [24]. There are five types of Multilevel
Inverter (MVSI) consisting of the Neutral-Point Clamped Inverter, Flying Capacitor Inverter, Cascaded H-
Bridge Inverter, and two other inverters that have not been studied extensively like the other three inverters
namely the Hexagram Inverter and Hybrid Inverter. For this research, the specific topology studied
representing the Multilevel Voltage Source Inverter (MVSI) is the Cascaded H-Bridge Inverter. Figure 1 and
Table 1 show the five-level Cascaded H-Bridge topology and swiching sequences respectively. For this
circuit configuration, the output voltage consists of five-level output load voltage waveform.
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Figure 1. Cascaded h-bridge topology

Int J Pow Elec & Dri Syst, Vol. 10, No. 3, Sep 2019 : 1355 — 1363



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 1357

Table 1. Swiching state for 5-level cascaded h-bridge MV SI

| Switches
Output Voltage, Vo S S Si3 Sia Sy Sy Sy S
Vde 1 0 0 1 1 0 0 1
Vdc/2 1 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0
-Vdc/2 0 1 1 0 0 0 0 0
-Vdc 0 1 1 0 0 1 1 0

2.2. Parallel inductor multilevel current source inverter

For the CSI inverters, it can be divided into three main topologies, namely Pulsewidth-Modulated
Inverter, Load-Commutated Inverter and Multilevel Inverter. There are three types of Multilevel Inverter for
CSI and can be classified into Embedded Multilevel Inverter, Two-Stage Multilevel Inverter and the
Paralleled Inductor Multilevel Inverter. These multilevel inverter are commonly used in motor drives and
recommended to be used in the system that requires boosting capabilities such as in Fuel Cell power
conditioning sytem and grid connected system. For this work, the specific topology chosen to representing
the Multilevel Current Source Inverter (MCSI) is the Paralleled Inductor Configuration Inverter [7]. Figure 2
shows the five-level Parallel Inductor MCSI configuration topology. The switching sequence for this
topology is given in Table 2.

DC

Figure 2. Cascaded h-bridge topology

Table 2. Switching state for five-level parallel inductor MCSI

I, (S5,5,5;5,5,S) No. States
e (1,0,1,0,0,1) 1
+%’° (1,0,0,1,0,1),(0,1,1,0,0,1) 2
0 (1,0,1,0,1,0),(0,1,0,1,0,1) 2
—I% (0,1,1,0,1,0,1)(1,0,0,1,1,0) 2
—Ipe (0,1,0,1,1,0) 1
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2.3. SPWM for multilevel voltage source and current source inverters

In order to control the gate signals of power switches for the MVSI and MCSI, a Phase Disposition
(PD) SPWM methods is employed in the generation of gating signals for the power switches [25]. This PD-
PWM methods is also able to reduce the Total Harmonic Distortion (THD) generated at the inverter output
stage for the voltage and current. In a PD-SPWM scheme, 4 triangular carrier signals are compared with the
single sine waveform signal in order to generate gating signals for each power switches in the circuits as
shown in Figure 3. The PD-SPWM is widely used in MVSI and MCSI because it provides low THD for load
voltage and current.
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Figure 3. Phase disposition (PD) SPWM

3.  RESULTS AND DISCUSSION
3.1. Total harmonic distortion analysis for MVSI and MCSI

Figures 4 and 5 show the THD analysis with matlab Simulink results for the five-level Cascaded H-
Bridge MVSI. Whereas Figures 6 and 7 show the THD analysis for five-level Paralel inductor MCSI
topologies. In Figure 8 to 9 and Figure 10 to 11 show the output voltage and current waveforms for Cascade
H-Bridge MVSI and Parallel Inductor MCSI respectively. Table 3 lists the comparison of the THD analysis
for both topologies for unfilter and filter output voltages and currents.

FFT analyss

Fundamental (50Hz) = 199.8 , THD= 27.01%
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Figure 4. THD output voltage for 5-level cascaded h-bridge MVSI (Unfilter)
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Figure 5. THD output voltage for 5-level cascaded h-bridge mvsi (filter)
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Figure 6. THD output voltage for 5-level parallel inductor mcsi (unfilter)

FFT analysis
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Figure 7. THD output voltage for 5-level parallel inductor mesi (filter)
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Figure 8. 5- level output load voltage for cascade h-bridge MVSI
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Figure 11. 5-level output load current for parallel inducor MCSI
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Table 3. Comparison of THD for MVSI and MCSI

Voltage Current
Without Filter With Filter Without Filter With Filter
MVSI 27.01% 2.35% 27.01% 2.35%
MCSI 27.06% 3.00% 27.06% 3.00%

From the analysis in Table 3, it shows that the MVSI after filtering gives better results for both
output voltage and current which are 0.65% less than MCSI. This analysis shows that, MVSI perform better
than MCSI in term of THD which indicates that the output waveforms for voltage and current generated in
MVSI are more sinusoidal compare to output voltage and current generated in MCSI. The effect of this
results is smaller output filter can be used in MVSI compare to MCSI. In a Cascade H-Bridge MVSI, the
balancing of intermediate level is not an issues for this topology because the employment of separate DC
sources. However in Parallel Inductor topology, two identical parallel inductor are used to split the DC
current into intermediate level at the output load current. As a result, the imbalance of the intermediate level
may exist at the output of voltage and current for MCSI. This can be seen from the analysis results listed in
Table 3, where the MVSI has better performance compare to MCSI. Nevertheless, the Cascade H-Bridge
MVSI employs two separate DC sources for the operation and from the complexity and cost point of view
this become disadvantages for this topology. The number of power switches and double DC source for
MVSI, added additional cost of the inverter.

3.2. The number of circuit components

The number of components between the discussed H-Bridge MVSI and Parallel Inductor MVSI for
the 5-level are summarized in Table 4.

Table 4. Comparison of number of components in MVSI and MCSI

Components Topology
Cascaded H-Bridge MVSI Paralleled Inductor Configuration MCSI

DC Voltage Source 2 1
Switches 8 6
Resistors 1 1
Inductors 0 2
Diodes 0 6
TOTAL 11 16

From Table 4, it can be seen that, the Cascaded H-Bridge MVSI utilizes less number of passive and
active components compare to Paralleled Inductor MCSI. However, as a forementioned, the separate DC
sources for Cascade H-Bridge MVSI can limit the advantage of this inverter compare to MCSI. Because of
employment of multiple DC sources, this topology can be unpractical to be realized to higher output level
such as 7-level and 9 —level output load voltage.

4. CONCLUSION

This paper presents the comparative and analysis study of voltage and current multilevel inverters in
term of output THD and the number of components employed in the circuits. From the analysis, Total
Harmonic Distortion (THD) for Cascaded H-Bridge MVSI is better compared to the Paralleled Inductor
MCSI. The number of components used in the 5-level Cascade H-Bridge MVSI are also gives the advantages
of this inverter over the Parallel Inductor MCSI. However, the limitation for this topology is the used of
multiple DC source to generate the multiple of output voltage and current. This can makes this topology
becomes unpractical to be realize at higher output level.
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