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Abbreviation Complete expression
THD Total Harmonic Distortion

HVDC High-Voltage Direct Current

IGBT Insulated Gate Bipolar Transistor
MOSFET Metal-oxide Semiconductor Field Effect Transistor
CMC Cascaded Multilevel Converters

MMC Modular Multilevel Converters

NPC Neutral Point Clamped

FCM Flying Capacitor Multilevel Converters
PF Power Factor

CHB-MI Cascaded H-Bridge Multilevel Inverter
SVM Space Vector Modulation

SHE Selective Harmonic Elimination

SHM Selective Harmonic Mitigation

PSO Particle Swarm Optimization

CFPSO Constriction Factor PSO

MPSO Modified Technique Based On PSO
MOPSO Multi Objective PSO

FPSC Fundamental Phase-Shift Compensation
PWM Pulse Width Modulation
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! High-Voltage Direct Current
2 Insulated Gate Bipolar Transistor
3 Metal-oxide Semiconductor Field Effect Transistor



Uas oyl sla gy 5 (baw wiz sla o » (5590 1090 Juad

|

v v
L= g S5y o
l I
&lwo s Jowo oz b Juse 90 b Jureo
v ———v
DC DC
l I
Sleio b 9L 3 $O9 S Geols

[\l DCIAC & ,08 sl Jouo (5009 pummdi 5l0g0d =Y S
5 lazg BB jlade anse e a5 Lail 1 g 0 ed iz oS D g0 4 s g, 90 cnl ) 4z S
9 P wix by Jawe gloil a4 axl) dslol o el ais )3 18 same JLawl 050 04l oo e Uas
oz slaghs, 5l IS i dibs (izmen 0 valss il Jllas Jade j5b 4 lag] slag sy gae ogo

Lol 08U UL‘" ;’:)A:é g_i...:g).._i” 6LQJA.A.A o Uas-

o Wi s Juwo p (5900 —V-Y

sjle ol FACTS @lgol o obbo )5 aile 5 Cario 4o olg5 o inl38l &g 00 3] la Sl jo

Cﬁ‘ oy g,é)...w_a Ll 00l ‘be.u:w LgLQJJ.:.o &‘..\.3‘ LURSC SUTY sl 63)-;‘ Lgl.mﬁ)lf 9 5:,35‘) Q‘95

" Flexible AC Transmission System
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! Neutral-Point Clamped Multilevel Converters
2 Flying Capacitor Clamped Multilevel Converters
3 Cascade H-bridge Multilevel Converters
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3 Space Vector Modulation
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Abstract

In recent years, due to the need for high-power instruments that use new
sources of energy, the usage of H-bridge converters has expanded significantly
in the industrial sphere. Since there is a high possibility of unbalance in the
input DC voltages of multilevel converters (MLCs), a need to compensate for
this unbalance, which has a great effect on the output of the converter, has
raised. Three-phase cascade h-bridge (CHB)-MLCs, when under balanced
operating conditions, are relatively easy to control. However, when the voltages
of the input DC sources have different values (or an unbalance happens in the
input DC sources), the complexity of the issue arises. In this thesis, by using a
simple algorithm a method for overcoming the input voltage unbalance is
provided. With regard to the ANSI C84.1 standard, a criterion for evaluating the
unbalance of line voltage and calculating the switching angles is also considered.
The proposed method of this paper improves the performance of the selective
harmonic mitigation (SHM) modulation method that works under unbalanced
conditions of input DC voltages. The unbalanced condition in the DC input
voltages can occur in numerous states. In this thesis, suitable switching signals,
with symmetry of a quarter of a cycle in each cell are provided. Also an average
value method for DC sources in each phase is employed. As a result, the number
of the states is reduced and the need to calculate the new switching angles to
balance the line voltage is avoided. By optimizing the switching angles, the wide
range of odd-order harmonics, except for the third-order harmonic, is also
reduced. In an unbalanced system, the third harmonic is not eliminated in a
self-activating way, thus adopting an effective method for reducing the third
harmonic and balancing the line voltage is necessary. In the end, by simulating
the H-bridge seven-level inverter in MATLAB Simulink, the accuracy and
efficiency of the presented methods in the unbalanced condition of the input DC
voltages are shown. Also, the results obtained fom the experimental sample of
the H-bridge seven-level inverter confirm the accuracy of the simulation
results.

Keywords: MLCs, SHM, Average DC voltages, Modulation index, Balanced line voltage, Third
harmonic.

19



Shahrood University of

Technology

FACULTY OF ELECTRICAL & Robotics
ELECTRICAL POWER ENGINEERING DEPARTEMENT

THESIS FOR THE DEGREE OF MASTER OF SCIENCE IN POWER ELECTRICAL
ENGINEERING — POWER ELECTRONICS

TITLE

Enhancing the Performance of the Three-Phase Multilevel
Converters Under Un-equal DC Sources

By
Omid Zolfagharian

SUPERVISOR
Dr. Ali Dastfan

ADVISOR

Dr. Mohammad Hoseintabar Marzebali

JULY 2020



A4



