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Abstract - This paper presents a modular multilevel
converter to enhance the reliability and power quality of the
system. They have several attractive features over
conventional converters. It is an emerging topology for high
voltage dc transmission. The proposed converter is built up by
identical, but individually controllable sub modules. The
proposed scheme has several features such as modular
structure, the capability of transformerless operation, easy
scalability in terms of voltage and current, utilization of
standard components, and excellent quality of the output
waveforms. The proposed scheme is validated through
MATLAB simulation results. Results for Total Harmonic
Distortion has also been shown.
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1. INTRODUCTION

In recent time research are continuously made finding
solution for energy crisis and use of renewable energy
resources for generation of power. Due to advancement in
semiconductors equipment, have made the converters based
HVDC more feasible and reliable solution for HVDC
transmission. The HVDC technology is a high power
electronics technology used in electric power systems. It is
an efficient and flexible method to transmitlarge amounts of
electric power over long distances by overhead transmission
lines or underground/submarine cables. In Classic HVDC or
Traditional HVDC the semiconductor devices thyristor were
used to convert AC to DC or vice versa. Now a new type of
HVDC is available which uses more advance power
conversion technology. The new HVDC uses IGBTs and
Voltage Source Converters and has more advantages than
Classic HVDC. The manufacturer ABB Group calls this
concept HVDC Light, while Siemens calls a similar
concept HVDC PLUS (Power Link Universal System)
and Alstom call  their product based wupon this
technology HVDC Max-Sine.

HVDC grids employing multi terminal converters are
technically and economically viable solution for future need
of bulk power transmission for development of large scale
renewable energy. By connecting different power sources
such as wind, hydro and solar, HVDC grids have advantages
of flexibility and reliability. The renewable energy power
source such as offshore wind power farms is usually located

in remote areas. Compare to an AC system, HVDC is more
economic for transmission over long distance, especially
when using cable to transmit the power. An example of VSC-
HVDC system is shown below.
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Fig -1: VSC-HVDC System

HVDC Converter bridges can be arranged into following

configurations.
1. Monopolar HVDC system

Bipolar HVDC system

Homopolar HVDC system

Back-to-back HVDC system

Multiterminal HVDC system
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Fig -2: Configurations HVDC Systems
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2. MODULAR MULTILEVEL CONVERTERS

The Modular Multilevel Converter (M2C) have been
attractive in both industrial applications and academic
researches since from its invention. The modular multilevel
converters operate by switching of IGBTs or GTOs with PWM
techniques which improves the speed of the operation and
can control the real and reactive power with maintaining
stable voltage and stable frequency.

The multilevel converters commercially was firstly used
in San Francisco. The 3 phase MMC consist of 6 arms or 3
legs as the 2-level converter. The MMC consists of the
number independent sub modules in the each arm and the
sub modules contain its own capacitor. Each arm contains an
inductor with the small resistance. The MMC has no turn-on
or-off state for the flowing current. Therefore the current in
the MMC flows continuously. The DC current divides equally
into 3-phases and a 3-phases AC current splits equally in the
upper and lower arms of the each phase. The sub modules
existing in the arms are controlled in a way that the
capacitor is inserted in the circuit or bypassed. Depending on
the current direction the capacitor in the sub module can be
charged or discharged. When the sufficient amount of sub
modules are connected in series the stepped voltage wave
form close to the sinusoidal can be generated. The generated
sine wave contains low level harmonics distortion.

Fig -3: (a) MMC Topology (b) Submodule Topology

The higher is the number of levels, the better is the quality of
output voltage which is near to sine wave. So, increasing the
number of levels gives a benefit to the harmonic distortion of
the generated voltage, but a more complex control system is
required, with the respect to the 2-level converter.

3. PROPOSED MODEL

A modular multi-level converter is presented in this work for
power quality improvement as shown in Fig.4. A sub block of
proposed system MMC topology is shown in Fig.5. Sub-block
cells in each arm are shown in Fig.6

—c I Prl0e
e
— i . —
e e ' [ S——
- 2105 - - P .
—T— i e O STy ee
i r— — S =
O T e e - % N -4 Y
< ; T ]
ey pib 3 3 oWioaihad 2
— - »—
ey L ot

4 ' ll ol

Fig -4: Proposed MATLAB Model

Fig -5: Sub- block of Proposed Model
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Fig -6: Sub block cells in each arm with 2-Level converter
in each cell

This topology consists of two standard 3-phase converters
with AC sides connected to the 3-phase source load
compared as a generating station to 3-Phase 6-wire load
with DC as HVDC link of transmission system. It could be
said that the multi-level converter is a derivation of the 24
cell cascade H-bridge like standard for each arm of 3-phase
inverter. The advantage of this choice is the great availability
and the high reliability of the components because they are
standards wide commercialized.

4. SIMULATION RESULTS

In this simulation, output voltage and current are imposed
and the operation of the system is then observed. Total
harmonic distortion (THD) is derived respectively. THD is
defined as the ratio of the sum of the amplitudes of all
harmonic components to the amplitudes of fundamental
frequency the same load is used to test the output voltage
and current based on the previous method. Observed THD
Value is 3.66 %. The proposed methods have alow harmonic
and their phase currents are close to sinusoidal.
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Fig -7: Waveform of V Supply

Fig -8: Waveform of I Supply

Fig -9: Waveform of Vdc & Idc
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Fig -12: FFT Analysis
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5. CONCLUSION

In this work a modular multilevel converter is shown for
power quality improvement. Thus multi-level converters are
gaining more attention due to their numerous advantages
like Low THD, Low dv/dt. On devices and good voltage
sharing for semiconductors, identical modules, scalable and
no dc link limitations, lower losses etc. The large no of cells
in these converters leads to high quality waveform which is
much close to sine wave.
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