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ABSTRACT

In recent times, Multilevel inverters are considered an essential component of power electronics
with widespread use in a wide range of high-voltage and high-power industrial and commercial applications.
The use of multi-level inverters, also known as MLIs, has been preferred over conventional inverters due to
the characteristics that these MLIs possess. These characteristics include low harmonic distortion caused by
satisfacory performance of MLIs. This paper is concerned with analyzing harmonics to gain a deeper
understanding of the performance of cascaded H-Bridge multilevel inverters (CHB-MLI). The model was
constructed by using MATLAB/SIMULINK. A comparison was made between an asymmetrical cascaded 27
and 31-level multi-level inverter (MLI) by using the Phase disposition sinusoidal Pulse Width Modulation
(PD-SPWM)and Phase Opposition Disposition sinusoidal Pulse Width Modulation (POD-SPWM)
techniques. According to the outcomes of the simulations, 31 levels are better than 27 where Total Harmonic
Distortion ( THD) in 31 levels is lower than 27 levels. The best result obtained during this study is 31 levels
that use (PD-SPWM) technology, where the percentage of total harmonic distortion is small compared to the
rest of the results and equal to 3.63%.
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1. INTRODUCTION addition, DV/DT stress is being little, which leads
Multi-level inverters have a greater to a reduction in electromagnetic coupling [3,5].
number of benefits when compared to Increasing the number of levels results in
conventional two-level inverters [1,2], multilevel the formation of a very fine ladder state wave that
inverters have gained popularity in high power, is closer to the intended sine wave, and as a result,
and medium voltage applications because they the total harmonic distortion (THD) reduces [4]. .
may be used without a transformer and with less multi-level inverters are divided into three types:
noise and harmonic distortion. 1) diode clamped 2) flying capacitors, 3) cascade
The primary benefits of multilevel H -bridge [6,7]. It has been determined that the H-
inverters (MLIs) include lower total harmonic Bridge cascade inverter is the most suitable
distortion (THD) in output voltage because of the option for both the grid and photovoltaic systems
many levels of the waveform, lower switching (CHB-MLI) [5]. The H-shaped cascading
frequency  which results in lower switching multilevel inverter is created with fewer
losses, the use of switches with lower voltage components and is designed to bridge quickly
ratings to achieve higher output voltage. In when compared to other multi-level inverters.

Figure 1 illustrates types of MLI. Figure 1(a)
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shows a three-level diode clamped, and Figure 1
(b) shows a three-level flying capacitor.

(a) (b) (c)
Fig.1 One leg of multi-level inverter topology

Figure(1,c), shows the structure
Cascaded H-bridge inverter in which each cell is
separated from the others and feeds these
separated cells from several different DC
sources[9].

In addition, each cell generates three
different voltage levels (VDC, 0,-VDC) .In
comparison to other kinds of inverters,the
Cascaded Bridge multi-level inverter is
distinguished by its high level of dependability as
well as its user-friendly control [10]. Cascaded
H-bridge MLI includes two types: symmetric and
asymmetric. If voltage sources are equal, the
CHB is symmetrical MLI. And the level of the
output voltage can be determined in this case by
applying the following equation:

m = 2n+1

where n: denotes the total number of H-bridges
m: indicates the total number of levels.

If dc-sources are different, the CHB is
asymmetrical. The major advantage of the
asymmetric CHB topology is that it can
considerably increase the number of output
voltage levels by using few dc voltage sources
and IGBTs or MOSFETs.While symmetric
Cascaded MLI, the voltage is the same in every
cell and the voltage increases by increasing the
number of cells. In this paper , a basic 27 and 31
single-phase asymmetric multilevel inverters are
discussed.

Table (1) shows the comparison between three
types of MLI topologies [19].

Table 1: comparison of topologies

S Cascade | Bridge Flying

" | Characteristic d H- Diode Capacitor

N s Bridge | Clamped

1 Main 2(m-1) 2(m-1) 2(m-1)

switching

device

2 Main 2(m-1) 2(m-1) 2(m-1)
Diodes

3 | Clamping 0 (m-1)(m- 0
Diodes 2)

4 DC bus (m-1)/2 (m-1) (m-1)

capacitor
5 | Balancing 0 0 (m-1)(m-
Capacitor 2)I2
6 Redundan Redundan Not Redundant
cy t Redundan
t
7 DC Bus Separate DC Bus DC Bus
Sharing DC Sharing Sharing
8 | Structure Modular Not Not
Modular Modular
9 | Flexibility Flexible Not Not

Flexible Flexible

Modulation Technique

Multi-Carrier modulation PWM includes
two methods that are commonly used and can be
categorized as:
1. Phase shift multicarrier Modulations

In this technique, multi-carrier waves
and one sine wave will be needed [12]. In general,
for a multi-level inverter with n level, the number
of triangular waves is required (n-1), Where n
represents the number of cells in each phase. All
triangular carriers in the Phase shift have the same
frequency and peak-to-peak amplitude but they
show phase shift, as shown in figure 2 [16,13].
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Fig. 2 PhaseShift -PWM

2. Level —shifted Multicarrier Modulation

An m-level CHB inverter employing a
level-shifted multi-carrier modulation technique,
similar to phase-shifted modulation, requires (m —
1) triangular carriers with the same frequency and
amplitude but doesn’t have a phase shift. This
type is divided into three techniques:
+Alternative Phase Opposite
DispositionModulation: Through a (figure 3.a),
we notice that in this type, each triangular wave is
the opposite of the next wave [17,18].
 Phase Opposition Disposition: In this type of
level shift technique, the lower waves are
opposite to the upper waves, that is, the waves
above zero are in the same phase, and the lower
waves that are below zero are in the same phase
as shown in (figure 3.b)
« Phase disposition: in this technique, all carriers
are in phase [18], demonstrated in (figure 3.c)
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Figure3. LS-PWM carrier arrangements: a)
PD, b) POD, c¢) APOD

MULTILEVEL INVERTER TOPOLOGIES
1.Basic twenty seven Cascaded H-bridge
asymtric Multilevel inverter

The basic configuration of a 27-level
Cascaded H-bridge Multi-Level Inverter is
illustrated in figure(4). The proposed DC-AC
cascaded H-bridge multilevel inverter's topology.
where The inverter uses three H bridges with
three unequal DC sources, and the values of
sources are in the following
ratios:1VDC:3VDC:9VDC. This structure can
only produce twenty-seven levels with a range
from+13 to -13 including zero voltage, Table.2
illustrates switching cases in the 27-levels to
create different voltages between +13 and -13.

.
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Fig 4. 27 level Cascaded H-Bridge Multilevel
inverter

ourruT
voiraas

Switches in Cascaded H-Bridge 27 level MLI

o S| s2 S3 |S|S|S|S|S|S|[S|S]|S
1 4156789111
0l1]2
+13 | 1 1 0 of1(110|j0f1]j1)0f|0O
\%
+12 | 1 0 1 of1(110|j0f1]j1)0f|0O
\%
+11 | 0 0 1 1j1)j1(0j0f1|1]0]O
\Y
+10 | 1 1 0 oj1f0j1j0j1f{1f0]0
\Y
+9 1 0 1 of1(0|1|j0f1j1|0f|0O
\Y
+8 0 0 1 1j1j0f1j0f1|1]0]O
\Y%
+7 0 0 1 1{0jof1j1f(1|1]0]O
\Y%
+6 1 0 1 ojofoj1j1j1f{1f(0]0
\Y%
+5 0 0 1 1j0jof1}j1|1|1]0]O
\Y
+4 1 1 0 oj1f1j0j0j1f{0|1]O0
\Y
+3 1 0 1 oj1f1j0j0j1f{0f1]0
\%
+2 0 0 1 i1j1j1f0j0f1|0]|1]O
\%
Vv |1 1 0 oj1fo0j1jo0j1f{0f1]0
0 1 0 1 oj1fo0j1jo0j1f{0f1]0
-V 0 0 1 i1{1jo0f1j0f1|0]|1]O
2v |1 1 0 ojofoj1j1j1f{o0f1]o0
3v o1 0 1 ojofoj1j1j1f{o0f1]o0
-4V | 0 0 1 1j0jof1j1f(1|0]|1]0O
BV |1 1 0 oj1f1j0j0j0fO0|1]1
-6V | 1 0 1 oj1f1j0j0j0fO0|1]1
v 1 1 0 oj1f1j0j0j0f0|1]1
8v |1 1 0 oj1fo0j1j0j0fo0f1]1
9V |1 0 1 of1(0|1|j0f0]j0O]|1|1
-10 | O 0 1 1j1j0f1j0f|0|0]|1]1
\Y
- 1 1 0 ojofoj1j1j0fof1]1
11
\Y
- 1 0 1 ofofo|1j1(0j0|1|1
12
\Y
- 0 0 1 1)1]0j0j1j1]j0f0|1]1
13
\Y

Table 2: swtiching states of 27 CHBMLI
combinations that generate the required
Twenty Seven level output signals
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2.Basic 31 Cascaded H-bridge asymtric
Multilevel inverter

The 31-level cascaded Multilevel
inverter circuit is seen in figure 5, which contains
16 switches with four different DC source
voltages, and which must be in the following
ratios:1VDC:2VDC:4VDC:8VDC. This circuit
can generate up to 31 levels of output voltage,
range of output voltages between +15 and -15
including zero voltage level.

Table (3) shows the appropriate
Switching  states and  terminal  output
voltages of a 31-level Cascaded H-bridge
Multi-level inverter.
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fig.5. 31 Level Cascaded H-Bridge ML

Table 3: Switching States and Terminal

Voltage of 31 Level Cascaded H-Bridge
il sl 3T T R AT e
6543|210
ofof1]1]oJofa]1]ofofa]1]o]o]1]1] 15
ofo[1]1]oflofa[a]o]of1]a]o]1]o0]1] 14
ololax][1]oflofa|a]of1]ofl2][ofo0f1]1] 13
olola][1|oflofa|a]of1]ofa][o]1]o0]1] 12
ololaf[1|ofa]ofa]o]fofa]afofof1]2] 11
ofof1]s]ofx]ofa]ofo]a]2][of2]o0f1] 10
ofof1]1]ol2]ola]ofa][of2[o]o]1]1] 9
ofof1]1]ol2s]ola]ofa][of2][o0]1]o0]1] 8
ofof1]1]ola]ola]ofa][of2]|1]2]o0]0] 7
of1[of1]oflo]a]a]ofofa][2][o]1]o0]1] &
of1[ofz]ofloa]a]ofa][of2][o]o]1]1] &
of1[ofs]ofoa]afofa][of2][of1]o]1] 4
of1[ofz]ola]ola]lofofa[2]|o]o]1]1] 3
ol1lofz|ofa]ola]o]ofa]a][o]1]of1] 2
ol1lofz|ofa]ofa]o]1]ofa][ofo]2|1] 2
ol1flofz|ofa]ofa]fo]1]o]2]of1]o]1] o
ol1flofz|ofa]ofa]o]1]ofa][1]1]o]o] 2
ol1flof1]ofa]o|a]a]1]oflofof1]o]2] -2
ol1flof1]ofa]o|a]a]1]oflof1]1]0]0] -3
ol1lof1|afa]ofofof1]ofa|of1]o]1] 4
ol1lof1|afa]ofofo]1]ofa]1]1]o0]0] 5
of1[ofs]afs]ofofla]a]ofo]of2][0]1] -6
ol1lofofofa]ofa]of1]ofaf[o]of1]2] -7
1]1]oflofofz]o]1]ofa]of1[o]1]0]2] 8
1]1]oflofofz]ofa]ofa]ofa[2]1]0]0] 9
1]1]oflofofz]o]a]a[a]ofo]o]1]of2]-10
1]1]oflofofzs]o]a]a[a]ofo]a]1]ofo] 12
1{afofofaf2]ofoflof1]o]1]o]a]of1]-12
1]1]oflof1]1]o]ofofa]of1]2]1]o0]o0]-13
1]1]o0]o0 0lo 1l o]0 1] o0 -14
1]1]o0]o0 olo 1l o] o] 1] 1] o0 -15

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 173-180




Muna Hassan Hussien: A comparative study of Total Harmonic Distortion ...... 177

Simulation Results

The circuit of the cascading asymmetric
multi-level inverter with 31 levels and 27 levels
was built based on the MATLAB /Simulink
program.

The MATLAB / Simulink model of a 31
Level- Cascaded H - Bridge Inverter is shown in
Figure 6.Where Four cells with unequal voltages
were used and R value is 100 connected to the
output of the inverter. The values of voltages are:
VDC1=8, VDC2=16, VDC3=32, and VDC4=64.
This model can generate 31 levels only in output
voltage as shown in figure(7).

% LI .
EN .
= w'::"_.y,:ﬁ .'3 - |

= I I ’
A .
R ;

Figure.6 simulation model of 31 Level-Cascaded
H-Bridge inverter

Fig 7.output voltage for 31 levels

phase  disposition  sinusoidal  pulse-width
Modulation and phase opposition disposition
sinusoidal Pulse Width Modulation techniques
were used where the total harmonic content was
analyzed by using fast Fourier transform analysis
and was the value of THD at use (PD-PWM) as
shown in the figure(8), but when using a (POD-

PWM) technique, it was a value as shown in the
figure(9).

Fi (60Hz) = 119.9 , THD= 3.63%
T T T T

of Fundamental)

Mag (%

var
Il |||I|III|I|II
600

0 100 200 300 400 500 700 800 900 1000
Frequency (Hz)

Fig 8. THD in (PD-SPWM) technique for 31
levels

Fundamental (50Hz) = 120.7 , THD= 3.73%
T T

Mag (% of Fundamental)

100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

Fig 9.THD in (POD-PWM) technique for 31-level

As for the circuit for 27, three sources of different
values were used as well, values were VDC1=8,
VDC2=24, and VDC3=72, the output wave
contained 27 levels as shown in figure (10).

%
\

5]

-]

&

003 004 105 006 o7 08 0%

Time (seconds)

Fig 10. output voltage for 27 levels
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This circuit also was analyzed in
Matlab using FFT analysis, figure (11)
shows the THD ratio when using the (PD-
PWM) technique, and figure(12)displays
THD  when using the (POD-PWM)-

technique.

Fig(11).Total Harmonic Distortion in
(PD-SPWM)for 27- level

Fundamental (50Hz) = 321.3 , THD= 4.11%
T T

Mag (% of Fundamental)

L
100 200 300 400 500
Frequency (Hz)

Fundamental (50Hz) = 216.7 , THD=4.19%
T T T T

Mag (% of Fundamental)
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Frequency (Hz)

Fig(12).Total Harmonic Distortion in (POD-
SPWM )technique for 27- level

Table (4) the comparsion analysis for the 31-
level and 27-level under the two different
techniques.

Table 4 THD for 27 and 31 levels

0
Inverter No.of THD%
level switches PD- POD-
SPWM SPWM
27 12 4.11 4.19
31 16 3.63 3.73

Conclusion

This paper presents a THD analysis of
31 CHB-MLI and 27 CHB-MLI. Phase-Shift
SPWM and phase-opposition- SPWM techniques
were used to compare the performance of the 27-
level and 31-level cascading H-bridge topologies.
The simulation results show that 31 levels were
better than 27-levels using (PD-SPWM) and
(POD-SPWM) techniques because 31 levels have
lower THD in both techniques. Simulation results
also show that THD in 31-levels and 27 levels are
lower in (PD-) SPWM) compared to POD-SPWM
technology. In addition, by increasing the number
of levels, the total harmonic distortion will
decrease and the waveform has become closer to
the sine wave.
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