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Renewable energy sources are developed as a result of the increased demand
for electrical power. The nature of the solar energy source is DC. The DC
source for many applications needs to be converted to AC. The inverter is
used to convert the power from DC to AC. Total harmonic distortion (THD)
is a significant concern with inverters. Multi-level inverters are used to
reduce the THD. The stair output voltage of the multi-level inverter not only
reduces the THD but also reduces the switches' stresses, so a low voltage
rating can be used for the switches. In this paper, a modified inverter
topology is introduced in which the number of switches is reduced for the
same number of output voltage levels, which leads to reducing the losses and
the cost. To reduce the THD, different amplitudes for the carrier signals that
control the switches in each level are suggested. Another method to reduce
the THD by using different capacitor values across the input DC source is
presented. The MATLAB/Simulink is used to show the validity of the

suggested modified topology and the modifications.
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1. INTRODUCTION

An inverter is a type of electrical equipment that transforms DC power to ac power at a specified
output voltage and frequency [1]-[3]. A "2 level inverter" is an inverter that generates an output voltage or
current with two distinct levels of voltage. This two-level conventional inverter operates at a high switching
frequency with large switching losses and is rated for applications requiring high power and voltage.
Additionally, it is subjected to harmonic distortion, EMI, and severe stress [4]-[7].

Another issue is the significant amount of overall harmonic distortion. Due to these issues,
connecting power electronic switches directly to high- and medium-voltage grids is challenging. This
necessitates the development of a new topology for multi-level inverters. With a large number of voltage
levels in the inverter, it is possible to enhance the power rating. This decreases the inverter's device rating
[8]-[10].

Multi-level inverters have an advantage over traditional two-level inverters in terms of harmonic
reduction. A multi-level inverter is used to acquire the desired AC voltage with the least amount of harmonic
distortion from a DC power source. Multi-level inverters are now engaged in a variety of power utility
applications. Harmonics can be minimized in multi-level inverters by raising the inverter's level. The large
number of layers requires complicated control and circuits [11]-[16]. Multi-level inverters are classified into
three different categories; i) multi-level inverter with diode clamping, ii) multi-level inverter with flying
capacitors, iii) 3-H-bridge inverter cascade.
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However, multi-level inverters has several drawbacks. The main disadvantage is that it requires a
large number of switches, even at lower ratings. Each switch requires a driving circuit and control, which
complicates the overall circuit [17]-[26]. Figure 1 shows a 7-level inverter that was proposed in [4].
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Figure 1. 7-Level multi-level inverter circuit

The purpose of this article is to develop and build a unique multilevel inverter with low THD. With
a suggested control approach, the proposed topology results in a reduction in the power components. As a
result, the suggested inverter's control is modified by using different amplitudes of the triangle carriers'
signals, resulting in a reduction in THD as compared to traditional constant amplitude carriers. Furthermore,
another method was used in this paper to reduce the THD, which was by changing the capacitors values of
the input capacitors (C1, C2, and C3).

2. THE TOPOLOGY OF THE PROPOSED CIRCUIT

The suggested seven-level inverter circuit is depicted in Figure 2. Three capacitors are linked across
the DC source in this circuit. These capacitors split the supplied voltage. Three switches, four diodes, and an
H-bridge circuit are used to transmit the voltage across the capacitors to the load. The suggested control
algorithms convert the DC voltage across the load to AC voltage at seven stages. The values of C1, C2, and
C3 are equal and the voltage across each capacitor equal to 1/3 of the input voltage (Vdc).

ol
C1 _L LZT 3 [_ ﬂ z
v b1 D2 %k -
pu— CZT §
oL sgl ¥
h |

Figure 2. The proposed multilevel inverter circuit

The proposed circuit operates as:

a. Atlevel 1, energy is supplied to the load on a positive half-cycle basis via the capacitor C3, the switch S2,
and the diode D2. S4 and S7 are turned on for the H bridge, as illustrated in Figure 3(a).

b. At level 2 of operation, the H-bridge receives energy from the capacitors C2 and C3 via the switches S3
and S2. As shown in Figure 3(b), switches S4 and S7 remains on.

c. During level 3 operation, energy is supplied to the H-bridge through C1, C2, and C3 via the switches S1
and S2, while the switches S4 and S7 are switched on for the positive half cycle, as demonstrated in
Figure 3(c).
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d. Level 4 operation is identical to level 1, except that the negative half cycle switch is activated and S5 and
S6 are switched on for the H-bridge, as shown in Figure 3(d).

e. Level 5 operates similarly to level 2, except that switches S5 and S6 for the H-bridge are switched on
during the negative half cycle which shown in Figure 3(e).

f. Level 6 operation is similar to level 3, except that S5 and S6 are turned on in the negative half cycle for
the H-bridge as illustrated in Figure 3(f).

g. Atlevel 7, only the switches S4 and S6 for the H-bridge are activated; all other switches are deactivated.
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Figure 3. The operation modes of the proposed seven level inverter circuit; (a) level 1 of operation, (b) level 2 of
operation, (c) level 3 of operation, (d) level 4 of operation, (e) level 5 of operation, and (f) level 6 of operation

3. SIMULATION RESULT OF THE PROPOSED INVERTER

The MATLAB/Simulink model of the proposed inverter is shown in Figure 4(a), and the control
circuit is shown in Figure 4(b). The control circuit produces the gate signals for the switches using the PWM
technique by using a three 12250 Hz triangle carrier signal, which is compared with the 50 Hz sinusoidal
reference signal as shown in Figure 5.

The suggested control circuit is composed of a number of logical and mathematical MATLAB
functions that generate the control pulses for the proposed inverter as shown in Figure 4(b). The suggested
circuit employs a control approach that minimizes the numbers of the devices. Table 1 shows a comparison
between the components of five different seven-level inverters. From Table 1, it can be noted that the

proposed inverter circuit have the minimum number of power switches. The output voltage of the proposed
inverter is shown in Figure 6.
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Figure 4. The MATLAB/Simulink circuit for (a) the proposed inverter circuit and (b) the control circuit
model of the proposed inverter

Table 1. Component topology comparison for different topologies of the seven level inverter
Previous  proposed  Diode-clamp  Capacitor clamp Cascaded multilevel

Input sources 1 1 1 1 3
Input capacitors 3 3 6 2 3
Clamped capacitors 0 0 0 5 0
Power switches 8 7 12 12 12
Diodes 4 2 10 0 0
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Figure 5. PWM control method used

Figure 6. Output voltage of the proposed inverter
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4. THE MODULATION EFFECT ON THD REDUCTION

modulation index. The modulation index can be defined as [9]:

To find the effect of the modulation index on the THD the analysis are performed for different

)

Where, Vi, is the maximum value of the sinusoidal reference signal used, and V; is the carrier signal amplitudes.
The THD for the output voltage for different values of the modulation index m shown in Figure 7, in which
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Figure 7(a) shows the THD for m=0.8, Figure 7(b) shows the THD for m=0.85, Figure 7(c) shows the THD for
m=0.9, Figure 7(d) shows the THD for m=0.95, and Figure 7(e) shows the THD for m=1. As a result, it can be
seen from Figure 7 that the THD reduced from 38.07.21% when m=0.8 to 24.45% when m=1. The THD was
reduced considerably when m increased toward 1.
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Figure 7. THD of the proposed inverter for different modulation index (m), (a) m=0.8, (b) m=0.85,
(c) m=0.9, (d) m=0.95, and () m=1

5. DIFFERENT AMPLITUDE OF CARRIER SIGNAL

To reduce the total harmonic distortion, different amplitudes for the carrier signals are suggested
and implemented in the control circuit, which leads to a considerable reduction in the THD compared with
the equal amplitude for the carrier signals. For example, the THD is 24.45% for equal amplitude for the
carrier signals when the modulation index is one, but the obtained value is 21.65% when using different
amplitudes for the carrier signals for the same modulation index as shown in Figure 8.
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Figure 8. THD of the proposed inverter for different carrier amplitude when m=1

6. THE EFFECT OF VARYING THE INPUT CAPACITORS VALUES

Another way to reduce the THD is by changing the values of the input capacitors. The voltage is
divided according to their reactance which lead to reduce the THD to 18.46% when m=1. Where, the value of
C1=1500uF, C2=750pF, and C3=500uF. These values was chosen as a trade off to get the minimum THD. The
output voltage and the THD are shown in Figure 9 (in appendix), where Figure 9(a) shows the output voltage
waveform and Figure 9(b) shows the THD of the circuit when using different capacitor values at the input.

7. CONCLUSION

The necessity of the multi-level inverter is growing in modern applications. To minimize THD, the
number of levels is increased. To get the necessary ac voltage from various dc sources, several topologies are
utilized. This article proposes a new topology for a 7-level inverter that uses the fewest possible power
components. Different amplitudes for the carrier signals are used to reduce THD, resulting in a reduction in
THD. Another possible method has been tested to reduce the THD by changing the input capacitors values,
which shows a considerable reduction in the THD. MATLAB/Simulink is used to create the modified topology
inverter and its control circuit. The THD has been significantly reduced as shown by the simulation results.

APPENDIX
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Figure 9. The voltage for different capacitance values (a) output voltage waveform
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Figure 9. The voltage for different capacitance values (b) THD for the output voltage (continue)
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