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ABSTRACT

In recent years energy generation from renewable sources in clean, efficient and
environment friendly manner is a real challenge. Among the various non conventional
sources, photovoltaic(PV) generation using multilevel inverter topologies are widely used
due to the economy of use, flexibility in control under partially shaded conditions and the
high quality of voltage waveforms. This work focuses on a single phase nine level cascaded
inverter using PIC16F877A microcontroller to generate the required gate signals. The notch
angles for the gate signals are calculated using selective harmonic elimination method.
Using this method the total harmonic distortion is minimized by eliminating the most
significant low frequency harmonic components from the voltage waveforms. The high
frequency harmonic components can then be easily eliminated using additional filter
circuits. The entire setup has been simulated in MATLAB and verified using the hardware
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Introduction

In the recent years there has been a significant increase in
demand for electric power generation. However, the
conventional generating systems, especially the thermo-electric
power plants that use radioactive materials or fossil fuels have a
significant environmental impact causing widespread pollution.
Additionally, the cost of fossil fuel keeps increasing since the
fossil fuel reserves are limited. Under these circumstances,
alternative renewable energy source like solar, wind,
geothermal, etc. has gained considerable attention. This
combined with the new technological developments in
renewable energy systems have made them commercially viable
alternatives.

One of the major limitations of renewable energy systems is
the lack of availability of constant and stable source of energy.
In solar PV systems, sun irradiance might change quite a lot
during the day. Therefore a stable grid interface is desired to
filter the fluctuation in the renewable energy source to provide
reliable power to the user. As such, most of the solar PV
systems interface to the grid through a control circuitry. Solar
PV cells provide DC voltage. The DC electric energy is
converted into AC electric energy by using inverter. Inverters
use power semiconductor devices whose output voltage is
limited. Many different inverter circuit topologies are possible.
Similarly, there are also numerous techniques available for the
control of these inverters. Inverters can be operated in two or
more levels of DC voltages depending on the circuit topology.
Due to the numerous advantages over conventional two level
inverters, multilevel inverters became very popular for the
renewable energy systems in recent years. It is possible to run
the power devices at lower frequencies using multilevel inverter
topologies; the lower frequency operation yields better power
conversion efficiency. Therefore multilevel inverter topologies
are used to achieve higher power output voltage waveforms.

The control objective on the DC side is to capture
maximum energy and deliver it to the utility grid. The energy
captured by the system drives the system payback. Increasing
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the energy capture can have a substantial positive impact a more
productive system is able to pay for itself more quickly.
Cascaded Multilevel Inverter Topology

A single-phase structure of an m-level cascaded multilevel
inverter is depicted, where the individual PV panels or series-
parallel connected portion of the PV panels are fed into single-
phase H-bridge inverter modules. Each single-phase full-bridge
inverter module generates three voltage levels at the output:
+Vpe, 0 and — Vpe. The resulting phase voltage is obtained by
the addition of the voltage generated by different inverter cells.
This is made possible by connecting the DC voltage sources to
the AC output by different combinations of the four power
switches, S1, S2, S3 and S4. The number of output voltage
levels, m in a cascaded inverter is defined by m = 2n+1, where n
is the number of H-bridge inverter modules.

Fig 1 shows the bi-directional multilevel inverter topology

for the solar PV arrays.
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Figure 1. Bidirectional multilevel inverter topology
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Figure 2. Output voltage of nine level inverter
The output voltage of the individual levels can be varied by
varying the switching angles of the respective level switches.
The switching angles must lie under the given range

I
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The selective harmonics elimination method is used to
eliminate the 3rd, 5th and 7" harmonics and switching angle
calculation is made in that respect. Staircase voltage waveform
is obtained which is much closer to sinusoidal waveform.
Therefore, an effective reduction of total harmonics distortion is
achieved.

Switching Angles

The switching angles are calculated using selective
harmonic elimination method. Figure 3 shows a quarter-wave
symmetric stepped voltage waveform synthesized by a (2m+1)-
level inverter. The waveform has no even harmonics. The
amplitude of any odd harmonic of this stepped-waveform can be
expressed as follows:
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Where Vg is the battery voltage and n is the odd harmonics
angle
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Figure 3. Generalized stepped voltage waveform
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The switching angles are calculated by solving the
following set of non-linear equations:

cos(a,) + cos(a,) + cos(a;) + cos(ay) =m
cos(3a,) + cos(3a,) + cos(3a;) +cos(3a,) = 0
cos(5ay) + cos(5a,) + cos(5a;) +cos(5a,) = 0

cos(7a,) + cos(7a,) + cos(7ay) +cos(7a,) = 0

These non-linear equations were solved by writing a
MATLAB program. The values of the switching angles obtained
are as tabulated in Table 1.

Table 1: Switching Angles

Switching Angle | Angle in Radians
o 0.15
[05] 0.35
o3 0.65
Oy 1.04

Hardware Implementation

The schematic block diagram of PV system and inverter is
as shown below in figure 4. A 12 V solar panel is connected to
each H-bridge circuit of a nine level inverter, through a charge
controller and a battery. Gate pulses are given to the MOSFET
from the PIC microcontroller. Isolator is used to give electrical
isolation to either side of the system. Inverter converts the DC
voltage from the solar panel to AC voltage. The output obtained
from the inverter is the sum of all the four stages and amounts to
48 V.

SOLAR ] CHARGE
PANEL = CONTROLLER

| satmy INVERTER | QUTPUT

VDC_ |PIC MICRO-
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SUPPLY |CONTROLLER!

Figure 4. Schematic block diagram of PV system and
inverter
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Figure 2. Hardware impleentation
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Figure 7. Hardware Results

The values obtained from the storage oscilloscope are used
to write a program which shows the harmonics present in the
output waveform.
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Figure 8. Harmonic spectra of output voltage

Figure 8 shows that the harmonic contents analysis of the
output from the inverter do not contain, the 3rd, 5th and 7th
harmonics. Hence selective harmonic elimination can be used to
eliminate the third, fifth and seventh harmonics. The total
harmonics distortion(THD) is reduced to 8.5%. Therefore, an
effective reduction of total harmonics distortion is achieved.
Conclusion

A nine level cascaded inverter consisting of four H-bridges
has been simulated in MATLAB. Selective harmonic
elimination method is the pulse width modulation technique
used to eliminate the required harmonics. The circuit has been
designed for the elimination of 3", 5™ and 7" harmonics and the
switching angles are determined depending on the harmonics to
be eliminated. The wvalues of the switching angles thus

R. Subha et al./ Elixir Elec. Engg. 64 (2013) 19142-19145

calculated were found to be 9.1° 20.35° 37.3° and 59.95°. In the
simulation results it is observed that the selected harmonics were
eliminated successfully and the total harmonic distortion was
8.5%.

PIC microcontroller 16F877A was programmed to generate
the gate pulses for the inverter circuit. The on and off time of the
gate pulses depend on the values of the switching angles
calculated. These gate pulses are given to the inverter circuit
which consists of H-bridges constructed using MOSFETS
IRFZ44. The output of the nine-level inverter thus obtained is
analyzed to determine the harmonics present and the total
harmonic distortion. It can be observed that the 3™, 5™ and 7"
harmonics are not present in the output waveform and the total
harmonic distortion is 8.5%.

Thus the results for the nine level cascaded inverter
obtained from the simulation has been successfully validated
using the hardware setup. This inverter has been powered using
four 12V solar panels and gives an output voltage of around
50V. This inverter module can be extended for higher voltage
applications by replacing the 12V solar panels by higher rated
ones and can be thereby used for various domestic applications.
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