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ABSTRACT

This thesis describes a grid-connected Nine Level Packed U Cell (PUC9) topology using a Finite
Control Set — Model Predictive Control (FCS-MPC) technique. The proposed system is a single
phase multilevel inverter, with four pairs of switches that work in a complementary matter, one DC
source and two flying capacitors connected to the grid through a filtering inductor. This topology
has the ability to generate nine different voltage levels with less number of active and passive
components comparing with conventional multilevel inverter topologies. The proposed control
technique (FCS-MPC) aims at reducing the total harmonic distortion (THD) of the grid injected
current while balancing the capacitors’ voltages at their nominal reference values. Robustness
analysis of the proposed model including the effect of a step change in the injected current into the
grid, parameters’ mismatching, and grid voltage sag and swell have been conducted on a single
phase low power (PUC9) inverter. Theoretical analysis, mathematical modelling and simulation
results using MATLAB/SIMULINK software are presented in this thesis. The THD of the injected

current for the proposed model is 1.13% and the capacitors’ voltages error is less than 5%.
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CHAPTER ONE
INTRODUCTION

1.1 Background

Nowadays, multilevel inverters (MLIs) are in rapid development and have become a very useful
solution for renewable energy resources applications due to its ability to deal with different power

rating, switching semiconductors, operating frequency, and applied voltage and current [1].

Many publications have implemented multilevel converter technology and pointed to the importance
of using this technology for high-power converters [2].

There are a lot of advantages for multilevel inverters compared to conventional inverters, as stated in
table 1.1.

Table 1.1 Comparison between conventional inverter and multilevel inverter [3].

Num. conventional inverter multilevel inverter
1 High THD in the output waveform Low THD in the output waveform
2 Not suitable for high power applications, due | Used for High power applications.

to the increased voltage stress on the

switches
3 High dv/dt Low dv/dt
4 High EMI Low EMI
5 High switching frequency Lower switching frequency
6 Increased switching losses Decreased switching losses

A lot of publications have been introduced the most common MLI topologies like Cascaded H-Bridge
(CHB), Flying Capacitor(FC), Neutral-Point Clamped(NPC), and Packed U-Cells (PUC) inverters.
PUC inverter (classified as FC inverter) has a lot of advantages compared with other MLI topologies
such as:

- High power quality



