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Multi-level inverters (MLIs), have gained popularity in the last few years as a
result of their low total harmonic distortions (THD) as well as their output
waveform which is of high quality. The converter which considers more
appropriate for applications of photovoltaic (PV)_beyond the varying MLIs
arrangements_is the Cascaded H-Bridge-(CHB) (MLI), meanwhile each PV
panel may be served as an independent DC supply for any CHB unit.
Through the use of MATLAB/Simulink, the efficiency of symmetrical single
phase MLI in terms of the number of switches, harmonic content in addition
to the stresses of voltage through the_switches that exist at photovoltaic cell
by means of input source is enhanced; varying parameters like output
current, voltage and power, and THD at 5-level 7-level and 9-level Cascaded
MLI are observed. In this paper, attention is paid to a multi-level topologies
which is flexible and based on cascaded MLI intended for PV grids

connected system. An observation of the output voltage becomes closer to
the sine wave as the levels increase, while the increase in the levels of
Cascaded Multilevel Inverter causes the total harmonic distortion to
decrease.
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1. INTRODUCTION

Currently, an interest in generating power electricity from renewable energy has increased with
solar energy considering the best areas of interest. There are many advantages attached to the use of PV
systems which are basically distribution generated units; these advantages include, little maintenance, no
pollution, no noise and no fuel cost [1]. One of the sources of energy which is rapidly growing globally is
solar photovoltaic panels, especially in grid-connected applications.

In the last few decades, a wider application use of renewable energy such as PV system had been
recorded, as it is abundantly and freely available in the entire earth. Engineers have focused on designing and
controlling an inverter which is appropriate for photovoltaic applications using this PV energy that is
available in abundance. Since the 1960’s multilevel inverters have been a research area which has attracted
the interest of many [2]. In the literature, various topologies such as diode clamped, and flying capacitor in
addition to the cascaded H - Bridge are exist [3]. For every topology, there are advantages and limitations.
For instance, the rejection of the flying capacitor came as a result of uneven capacitors’ charging [4]. In the
same vein, owing to the disparate losses noted at semiconductor devices besides the need for the large
element number for a greater amount of the output levels, the significance of the clamped diode topology was
lost. The topology of _conventional CH-Bridge gained importance as a result of these limitations and other
limitations found in other topologies; this made the conventional CH-Bridge rises first in the market [5].
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Among the different conventional topology for ML inverters, the topology of Cascaded H-Bridge be
regarded as the leading in terms of the design simplicity, modular form, packaging, troubleshooting and great
power possibilities. Nonetheless, in the cascaded H-Bridge, there is an increase in cost and larger system
losses due to the large switch number needed here. Therefore, while modifying the topology of cascaded, it
must be done in such a way that the quantity of controlled switches is reduced without the waveform output
or a voltage level number being affected.

The design of a multi-level inverter that be present widely referring to as conventional CH bridge
multi-level inverter, can be done using cascading H-bridge unit cells [6]. Through the use of one, two, or
more unit cells, which were needed for cascading can be used in obtaining the output with 3, 5, 7 and 9 levels
respectively. Below is a calculation of the bridge number (B) required for cascading so as to create the output
level number (L):

L-1

B=— (M
Where the output level number is denoted by L which can be 3, 5, 7,9, 11, 13, n. Similarly, “N” which refers
to the essential number of switches of the transistor may be established at:

N=4*B 2)

Figure 1 illustrates a five level and n-level inverter alongside its mechanism for switching. The CH-
Bridge MLIs can basically be designated as a sum of the classic two-level bridge, with AC terminals that are
sequentially linked for the purpose of synthesizing the output waveforms. The symmetrical 9-level inverter's
power circuit that comprises four cells of CHB is illustrated in Figure 2. Many stand-alone DC sources that
can be gotten from fuel cells, batteries or solar cells are required by the CHB inverter. It is possible for three
various voltage output steps, 0 as a reference, (+Vdc), and (—Vdc) to be generated with combining any of the
four switches of each cell, as shown in Table 1 for Classic H-Bridge MLI . The total number of the individual
converter outputs can be used in deriving the AC output. Using an n=2N+1, the voltage level's number in
output phase can be defined, where a number of DC sources is denoted by N. For example, with nine levels,
there is a fluctuation of the output voltage from (—4Vdc) to (+4Vdc).
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Figure 1. (a) Five-level (b) n-level Inverter
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Figure 2. Power circuit for 9-level

Table 1. Switching mechanism for classic h-bridge MLI
Time +ve Half Cycle -ve Half Cycle
Outputs V1 (VI+V2)  (VI+V2+V3)  (VI+V2 \%! (VI+V2)  (VI+V2  (VI+V2+
+V3+V4) +V3) V3+V4)
1 1 1

Bridge A SA 1
SA 4
Bridge B Sb 1
Sb 4
Bridge C Sc 1
Sc 4
Bridge D Sd 1
Sd 4
Inversion Sp1
Bridge Sp2
Sp3
Sp4
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Compared to flying capacitor or diode clamped MLI topologies, the cascaded H bridge MLI are
simpler due to some advantages which it possess like switching redundancy, automatic voltage distribution,
smaller dv/dt stress, absence of high-rated capacitors and diodes as well as the need for minimum number of
components [7]. The main focus of this manuscript is to investigate the single phase CHB performances of
MLI which an input sources started from level 5 to 9 are a photovoltaic cell. It presents a symmetric type
inverter with a reduction in switch amount. It consists of two voltage sources and four switches for each cell
and generates 5, 7, and 9 levels output waveform during symmetric operation. More so, it concentrates on
technologies of inverter to connect photovoltaic panels to a single-phase grid. A related works are explained
in Section II. The suggested topology for different methods of calculating the switching are offered in
Section III. The simulation results are discussed in Section IV. The conclusion was given in Section V.

2. RELATED WORKS

Based on the review of literature in the previous pages, it is evident that efforts are made by many
researchers to propose novel inverter topologies or to modify the old ones. The purpose of doing this is to
improve the quality of energy that is available at the terminals of inverters. Due to the ability of cascaded H-
bridge multi-level inverter to handle high-power as well as its reliability, which is as a result of its modular
topology, it has been regarded as one of the best available multilevel inverter topologies. Due to this, is
considered as a more capable option which can be extended to allow grid connection that is transformer-less.

Rodriguez et al. [8], have provided a description of the most significant methods of control and
modulation which he designed for a family of converters which include space-vector modulation, multi-level
selective harmonics elimination and multilevel sinusoidal pulse width modulation (SPWMs). The PWM
regenerative rectifiers were introduced by Rodriguez et al. [9] in which they were able to improve the power
factor as well as reduce input harmonics. In time past, the application of multilevel active rectifiers was
basically made in high power industrial application, high voltage applications, owing to the capability of the
applied voltage dispensing through many cascaded power devices, therefore addressing the issue of their
limitation voltage as well as enabling the exclusion of out-put system transformers of medium toward high
voltages. The performance of the multilevel active rectifiers is better than that of the two-levels PWMs
inverters related to total harmonics distortion, and with-out using passive filters which are expensive, bulky
and deceptive; this is because their output voltage is in the form of modulated staircase.
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In 2003, Alonso O. et al. [10] presented a novel scheme of controlling and proportionate PWM for
the CH-bridge multilevel inverter used for grid connected photovoltaic system. Through by utilizing this
controlling, various power levels are provided by each H-bridge module, thereby allowing each module to
independently track the maximum power point of corresponding PVA. Furthermore, multilevel PWM
inverters, which are appropriate for using in independent PV grid-connected power inverters for PV units
were developed by Kang et al. [11]. A strategy for switching a five level CHB MLI essential frequency to PV
systems that are independent was proposed by Ozdemir et al. [12] through the selection of the switching
angles in a way that it can eliminate the harmonics with lower order.

In addition to the advantage of having the capability for maximizing the power acquired from PVAs,
a ML inverter is also capable of decreasing the stress of voltage device as well as to generate a lower output,
that is a voltage harmonic distortion more efficient. In the area of renewable energies Josh et al. [13] had
suggested MLI, which is capable of reducing the dimensions of output filter as well as influencing the
perturbations that occur as a result of the darkening of cloud of variation in seasons, while a modified phase
disposition PWM was proposed by Mei et al. [14] for units of MLI which was employed at PV grid
connected for the purpose of achieving balance in the dynamic capacitor voltage without requiring additional
compensation signal. A distinct DC source is needed by the Cascade H-bridge MLI, besides it limits the
performance this MLI when it is available [15]. However, in the case of PV systems, it is a striking
characteristic as it enhances the assembling of solar cells in a number of independent generators. Various
PWM methods such as optimized stepped waveform (OHSW) and selective harmonics elimination PWM are
supported by the CHB-MLI [16].

3. SUGGESTED TOPOLOGY

The suggested topology accomplished by reducing the number of controlling switches is described
here. A review of past studies, shows that the focus of previous researchers has been dealing with a reduction
of size and components of MLI, with the purpose of reducing switches through the use of Inversion Bridge.
The currently proposed design focuses on minimum number of switches which have some disadvantages
related to these topologies. One of such limitations is using a bidirectional switch which incurs extra cost
asides the absence of even sources of voltage. More so, the proposed topology offers a better and simpler
modular form in comparison to the symmetrical multilevel inverter; the topology also allows transistor
switches to connect with each other, and it also provides parallel diodes as illustrated in Figure 3. The
inverter representation diagram of the CH-bridge structure of the grid connection PV systems appears in
Figure 3. A topology of the cascaded MLI comprises of n-connected H-bridge inverters serially and each DC
link can be fed with a small chain of PV panels [17].
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Figure 3. CHB circuit diagram MLI
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4. DESIGN SIMULATION, ANALYSIS, AND RESULTS

The cascaded H-Bridge MLI circuit which can be designed using MATLAB/Simulink is discussed
in this section. More so, the figures for all levels illustrate the simulated output voltage, THD and current
analysis as well as the output voltage with equal step waveform for eleven-level cascaded H-Bridge inverter.
5,7 and 9-Levels switching of the CHB MLI as shown in Table 2.

Table 2: 5, 7 and 9-Levels switching of the CHB MLI
5 levels 7 levels 9 levels
5 S6 S7 S11 12 13 S14 S15
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4.1. Five-level inverter

Figure 4(a) illustrates the model of simulation for the Five-level cascade inverter circuit content 8
IGBT grid connected PV system. In order for IGBT’s to inverts DC to AC, 8 pulses are required. Figure 4(b)
represents the output signal THD, the 8 PWM signal for IGBT is explained in Figure 4(c) and Figure 4(d)
illustrates the output voltage and Current.

The simulation model comprises two H-bridges which nominal DC voltage supposed to be 65 V, in
addition to the PWM inverter which control the system connected to the grid, also, a multi-level stepped
output voltage can be achieved and a harmonics could be reduced. A PWM generator block exists that
contain parameters like amplitude, phase delay, and pulse width period from which a shape of the output can
be determined.
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Figure 4(a). 5-levels CHB Inverter MATLAB model circuit
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Figure 4(b). Analysis of FFT CH-Bridge MLI

1000

Figure 4(d). Voltage and current output phase

Int J Pow Elec & Dri Syst, Vol. 10, No. 2, June 2019: 831 — 841



Int J Pow Elec & Dri Syst ISSN: 2088-8694 d 837

Thus, the inverter efficiency could be increased, so the inverter needs to perform with reliability and
proficiently for supplying a wide-ranging of AC loads by a required power quality and voltage which is
necessary for efficient load as well as system performances. Many system advantages like high-power, low
harmonic distortions, capacity of high-voltage in addition to low switching losses. A 5-levels output voltage
and current are shown. The output 5-level inverter, central frequency is 50 Hz.

4.2. Seven-level Inverter
A Seven-levels CHB inverter circuit content 12 switches of IGBT, which can be displayed in the
Figure 5(a). An IGBT’s need 8 pulses for inverting DC signal to the AC. Figure 5(b) represents the THD for

the output voltage signal, Figure 5(c) explains the 8 PWM signal for IGBT and finally Figure 5(d) shows the
output voltage and Current.
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Figure 5(a). 7-levels CHB Inverter MATLAB model circuit
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Figure 5(b). Analysis of FFT CH-Bridge MLI
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- Bridge 3

Figure 5(c). Gating pulses generated of PWM 7-levels CHB

Figure 5(d). Voltage and current output phase

4.3. Nine-level inverter

A circuit of nine-levels CHB inverter content 16 switches of IGBT, which can be presented in the
Figure 6(a). An IGBT’s need 16 pulses in inverting DC signal to the AC. Figure 6(b) represents the THD for
the output voltage signal, Figure 6(c) explains the 16 PWM signal for IGBT and finally Figure 6(d) shows
the output voltage and Current.

Table 3. 9-Level Suggested MLI switching Mechanism
Time Positive Half Cycle Negative Half Cycle
Output V1+V2 V1+V2+V3 V1+V2 V1 V1+V2 V1+V2+  VI+V2+V
+V3+V4 V3 3+V4
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Figure 6(a). 9-Levels CHB Inverter MATLAB model circuit
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Figure 6(b). Analysis of FFT CH-Bridge MLI
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Figure 6(d). Voltage and current output phase

The simulation MATLAB have been presented to numerous CH-bridge topologies of MLIs focuses
on 5-levels, 7-levels and 9-levels. A comparison of these topologies with detailed has been offered in this
paper and concentrated on main parameters such as switching power devices used number, Total Harmonic
Distortion, the stresses over current and voltage, and gating Pulses generated of PWM.

5.  CONCLUSION

The simulation of five levels, seven levels, and nine levels, inverters were executed in
MATLAB/SIMILINK, based on applying straightforward control strategy of controlling the IGBT switches
with suitable angles at proper delays. A perfect specification of the CHB MLI are achieved like high
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conversion efficiency in addition to easily interface with sources of renewable energy. An MLI realizes
ratings of high power and get better performances of the total harmonic system. This harmonic distortion was
studied for each specific level so as to have a comparison for resistive load. Depending on simulation of
different levels of MLI, it is clear found that a considerable THD amount could be decreased with an
increasing level number, which confirms the proposition of the control strategy and thus it eliminates the
need for a filter.
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