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1. Introduction

Nowadays the world community relies heavily on non-renewable energies, but just after the big oil crisis the use of renewable
energy has greatly increased and has become the main interest of many countries for its many advantages such as: minimal
impact on the environment, renewable generators requiring less maintenance than traditional ones and it has also a great
financial impact on economy [1].

It is easy to get charmed by the advantages of using the renewable resources but we must also be aware of their disadvantages.

One of the major disadvantages is that the renewable energy resources are intermittent and thus they have led scientists to
develop new semiconductor power converters among which is the multilevel converter used in medium voltage and high
voltage [2].

These inverters convert the available direct current supplied by the PV panels or batteries and produce a staircase output
waveform used to feed the grid.

One of the major advantages of multilevel inverters is the remarkable improvement of the spectral quality of the output signals
and therefore they have proven to be more effective than the conventional two-level inverters.

In addition, two-level inverters are exposed to thermal stresses created by converting the full voltage imposed by the
continuous source, so the performance and lifetime of its components are actually affected whereas using the limitation of
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voltage, multilevel inverters reduce such stresses by splitting continues tension introduced to the inverter .
To reduce this kind of problem researchers are in the hunt of new kind of architectures and switching techniques.
In this scenario, a new switching technique is evolved and it’s quite promising when compared with traditional techniques.

There are two pulses with modulation techniques used to control multilevel inverters: the first depends on fundamental
switching frequency and the other depends on high switching frequency [3].

Thus my focus will be on this latter especially sinusoidal pulse width modulation (SPWM) because it is simple, easy to
implement and widely used.

In this paper, multiple multi-carrier SPWM methods for cascaded h-bridge are simulated, analyzed and compared with

the conventional SPWM technique. Those carriers are being implemented with different sinusoidal dispositions PDPWM,
PODPWM and APODPWM and with two different frequencies (1 KHz and 2 KHz).

2. Cascaded H Bridge Multilevel inverters

The first model of inverters was the H-bridge which appeared in 1975, the cascaded multilevel inverter (CMLI) was created
from it by connecting those H-bridges in series and was used for the first time in plasma application in 1988.

The output of the CMLI is the sum of the outputs of H-bridge inverters connected in series [4] so the more H inverters are used
the more levels of the output waveform are created and the shape becomes approximate to sinusoidal waveform.

This topology is suitable more for applications where separate DC voltage sources are used, such as batteries, fuel cells and
photovoltaic generators [5].

Figure 1 shows the output voltage of the chosen topology. The Cascaded H-bridge inverter was fed by seven separate PV
panels each giving 21 V as DC sources and produces fifteen levels output.

Vout

Figure 1 Solar PV panels feeding fifteen levels inverter with the output waveform

The output voltage can be expressed as:

\%

out

=Vt Vp+ Vi +V, + Vi + VetV (1
This is because all the full bridge inverters are connected in series. Each full bridge inverter can generate three levels -V,
0 and +V.
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3. Sinusoidal PWM Analysis

Sinusoidal Pulse Width Modulation is the simplest technique that can be used to control multilevel inverters. Basically, in
Sinusoidal Pulse Width Modulation, a sinusoidal signal with low frequency is continuously compared with high frequency to
generate the control signals [6]. If the sinusoidal signal is greater than the carrier signal, then devices corresponding to that
carrier become active, and if the sinusoidal signal is lesser than the carrier signal, then the devices corresponding to that carrier
become inactive.

Figure 2 shows the Sinusoidal Pulse Width Modulation setup in Matlab platform for a fifteen level inverter.
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Figure 2 Sinusoidal Pulse Width Modulation in Matlab platform

4. PWM Dispositions

There are different categories of sinusoidal pulse width Modulation technique such as Phase disposition, Phase opposite
disposition and Alternative phase opposite disposition [7].
4. 1 Phase disposition (PD)

Phase disposition PWM is the most used method because it gives the lowest harmonic distortion compared to the other two. In
the Phase disposition PWM carriers are in the same phase Figure 3.

Phase disposition

Carriers are in the
same phase

Figure 3 Carriers arrangement for phase disposition PWM
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4.2. Phase opposite disposition: (POD)
The difference between POD and PD techniques is that carriers above zero are 180° phase shifted with those below the zero [8],

Figure 4.

[Phase opposite disposition
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180° phase shifted with
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Figure 4 Carriers arrangement for phase opposite disposition PWM

4.3 Alternative phase opposite disposition (APOD)
This method of modulation is quite different from the two above in which the carriers are alternately phase shifted Figure 5.
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Figure 5 Carrier arrangement for Alternative phase opposite disposition PWM

5. Simulation Multiple Carriers of Fifteen-level Inverter

As discussed in previous works [9], the multi-carrier modulation technique can increase the performances of the multilevel

inverters.

According to this system, different multi-carrier modulation techniques are used and the performances are analyzed to prove
the best. Figure 6 shows the test setup to analyze the performances of cascaded fifteen levels inverter.
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Figure 6 Test setup of Cascaded Fiftheen-Level Inverter
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This setup is devised into four major parts:
Part 1: Multi-carrier PWM techniques are inserted in this part (Command part)
Part 2: Photo-voltaic DC sources or batteries (DC input)
Part 3: Fifteen level inverter components (Multi-inverter)
Part 4: The output voltage after DC conversion (AC output)

6. Mullti-carrier PWM Analysis Results

In this paper, the output voltage wave-forms and the total harmonic distortions are acquired from various Multi-carrier SPWM
techniques such as;

1. Triangular
2. Trapezoid
3. Modified trapezoid

The results are obtained when using those techniques with different sinusoidal dispositions PD PWM, POD PWM and APOD
PWM. The results found are compared with triangular multicarrier to evaluate the harmonics performance.

For comparison, the total harmonic distortions (THD) are evaluated through all the modulation techniques and various
frequencies. Higher score of THD means what should claimed.

To acquire the spectrum of the output voltage (THD) Fast Fourier Transform (FFT) is applied. The THD is calculated using the

following equation (2):
,/ Ineavh
THD = ——— 2)
%1
Where:

n is the harmonic order.
v, is the root mean square (RMS) value of the nth harmonic component .
v, is the (RMS) value of the fundamental component.

6.1 Triangular multi-carrier technique analysis

This topology uses triangular signals with high frequency as carriers Figure 7a and constantly compares them to a sinusoidal
signal to generate pulses.

For a 15 level inverter, 14 triangular carrier waves Figure 7b are required. And all the carrier waves should have similar
frequency and the same peak.

Figure 7a Triangular carrier waveform Figure 7b Triangular multi-carrier with 1 Khz frequency

The equation (3) for triangular carrier can be inserted in DSP defined as:

LA 0<t<TR
uo-{ ™7 3)

t
T-_T/2A T2<t<T
Where A is the amplitude and T is the period of the carrier signal.
As shown in Table 1, THD (the harmonic distortion) are analyzed for different frequencies and with different dispositions.
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Table 1: THD Analyses Using Triangular Carriers

Dispositions
PD (%THD) | POD (%THD) | APOD (%THD)
Frequencies
1 Khz 8.27% 8.28% 9.45%
2 Khz 7.87% 8.68% 8.14%

This table confirms that the best performance for triangular carriers is when phase disposition with 2 KHz frequency is used.

Figure 8 shows Fast Fourier analyses of the output signal using triangular carriers with the lowest harmonic results.

Fundamental (50Hz) = 153.9 , THD=7.67%
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Figure 8 FFT Analysis of Output using Triangular carriers

6.2 Trapezoidal technique analysis

Trapezoidal carriers are a combination of two wave forms, triangular in the upper half and trapezoidal in lower part (Figure 9a
and 9b). This command technique gives better performance with lower Harmonics [10]. Time between 0-T is equally divided.
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Figure 9b Trapezoidal multi-carrier with 1 Khz frequency

Figure 9a Trapezoidal carrier waveform

The equation (4) for trapezoidal carriers that can be inserted in DSP defined as:

( %(%) 0<t<T/6
o2 T/6 <t < 2T/6
t-T/6 A
U(t)—<m(;)+A/2 2T/6 <t < 3T/6
g L “
4T/6-3T/6 (2)+A/2 3T/6 <t < 4T/6
Al2 4T/6 <t < 5T/6
T-t A
\ T-5T/6 (E) 5T/6 <t<T
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In Table 2, THD are analyzed using trapezoidal carriers, the frequency index and amplitude will be same as triangular carriers.

Table 2: THD Analyses Using Trapezoid Carriers

Dispositions
PD (%THD) | POD (%THD) | APOD (%THD)
Frequencies
1 Khz 7.45% 7.88% 8.25%
2 Khz 7.24% 7.82% 7.44%

This table confirms that the best performance for trapezoidal carriers is when phase disposition with 2 KHz frequency is used
and it gives better performance with a gain of 0.63% lower distortions.

Figure 10 shows Fast Fourier analyses of the output signal using trapezoidal carriers with the lowest harmonic results.

Fundamental (50Hz) = 154.1, THD=7.24%
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Figure 10 FFT Analysis of Output with lowest harmonics using trapezoidal carriers

6.3 Modified trapezoid multi-carrier analysis

The modified technique Figure 11 is based on the trapezoidal and it is made to get better performance of the output signal
where the time between 0-t6 is chosen to get the lowest harmonics possible.

h = B t2 t3 t4 ' t5 t6

Figure 11a Modified Trapezoidal waveform

Figure 11b Modified multi-carrier with 1 Khz frequency

The equation (5) for the modified trapezoidal waveform is defined as:

é(g) 0<t<tl
A /2 tl<t<t2
[t:tzz] (%) +A/2 t2<t<t3
U(t) =« DA 5

ywred (;) +A/2  t3st<td
A/2 t4<t<ts
t—-t6 A

[tS—t6] (5) th<t<t6
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Table 3: THD Analyses Using the proposed technique.

Dispositions| 1, o 7p) | POD (%THD) | APOD (%THD)
| Frequencies

1 Khz 6.71% 7.39% 7.20%

2 Khz 6.59% 7.06% 6.74%

This table confirms that the best performance for modified trapezoidal carriers is when phase disposition with 2 KHz frequency
is used and thus it gives better performance than the previous ones.

Figure 12 shows Fast Fourier analyses of the output signal using modified trapezoidal carriers with the lowest harmonic results.

Fundamental (50Hz) = 154.5 , THD= 6.59%
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Figure 12 FFT Analysis of Output with lowest harmonics using modified trapezoidal carriers

7. Results Interpretation

The table 4, Figure 13a and 13b resumes all harmonics distortion results for all multi-carrier techniques with different

frequencies
Table 4: The Harmonic Distortion Analyses.

Techniques Dispositions Phase Phase opposite Alternative phase
I Frequencies dispositions disposition opposite disposition
Triangular 1 KHz 8.27% 8.28% 9.45%
2 KHZ 7.87% 8.68% 8.14%
Trapezoid 1 KHz 7.45% 7.88% 8.25%
2 KHZ 7.24% 7.82% 7.44%
Modified 1 KHz 6.71% 7.39% 7.20%
2 KHZ 6.59% 7.06% 6.74%
10,00% 9,00%
9,50% 8,50%
9,00%
8,50% 8,00%
o 3
T 8,00% W Triangular .% 7,50% - W Triangular
7,50% :
7,00% Ll 7,00% - H Trapozoid
6,50% EModified 6,50% - —  EModified
6,00% 6 00
PD POD  APOD PR =
o PD POD  APOD
Dispositions . .
Dispositions
Figure 13a THD analysis for line voltages with Figure 13b THD analysis for line voltages with
1KHZ carriers as frequency 2KHZ carriers as frequency
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This shows that the best performance is obtained for the proposed technique with better performance it can reach a gain of 1.28%
lower distortions.

8. Conclusion

This paper presents simulation results for a Fifteen-Level Inverter using MATLAB SIMULINK. The harmonic distortions can
be reduced by the choice of technical PWM control methods. The results illustrate that after modifying the trapezoidal carriers
better results are obtained with a gain of 1.28% compared to the conventional techniques.

So it is clear that this new scheme is best suited for Cascaded Multi-Level with the improvement of the output signal quality
which makes it more suitable for both standalone and grid connected systems.
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