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MMCs have become one of the best choices for electric vehicles (EV) and storage based electric vehicles as

these converters have the ability of conduction in both the directions with bidirectional switches. One of the major
issues of concern of an EV is that the storage of energy, as these vehicles battery storage with large capacity and
these batteries required to be charged continuously. This feature of EV makes usage of MMCs as an attractive
solution. The output available across a MMC is stepped sine wave .Modular multi level converters (MMC) are
gaining importance day by day due to their inherent advantages of bidirectional capability, reduced switching loss..
As the number of steps increases nearness of output voltage with a sine wave is increased, but this is not true. The
authors feel that it is not true in case of a Sinusoidal Pulse Width Modulated Inverter. As the number of levels are
increased the Total Harmonic Distortion (THD) in a voltage waveform decreases to a minimum value and then
increases. MMC configuration proposed in [1] taken into consideration and simulation studies are conducted using
Sinusoidal Pulse Width Modulation control scheme with the help of MATLAB / SIMULINK. The THD levels in
the phase voltages and load currents are presented. With the help of simulation studies the optimum number of an
inverter are identified.

Keywords - Bidirectional Switches, Electric vehicles (EV), Modular multi level converters (MMC), Total Harmonic

Distortion (THD)

I INTRODUCTION

Power electronic inverters are widely used in industrial
power conversion systems both for utility and drives applications
(Tolbert and Peng 1998, 1999, 2002). As the power level
increases, the voltage level also increases accordingly to obtain
satisfactory efficiency. Multilevel Inverters have been attracting
attention in recent years due to high power quality, high voltage
capability, low switching losses and low Electro Magnetic
Interference (EMI) concerns; and have been proposed as the best
choice in several medium and high voltage applications such as
static VAR compensators and large electrical drives (Min 1999
and Peng 1996, 1997, 2001). Conventional inverter can switch to
each input / output connection between two possible voltage (and
possible current) levels. Multilevel inverter can switch their
outputs between many voltage or current levels and have
multiple voltage or current sources (or simply capacitors or
inductors) as part of their structure. A multilevel inverter can be
implemented in different topology with its own advantages and
limitations. The simplest technique adopted is parallel or series
connection of conventional inverters to form the multilevel
inverter. More complex structures involve, inserting inverter
within inverter to form a multilevel inverter. Whatever approach

is chosen, the subsequent voltage or current rating of the
multilevel inverter becomes a multiple of the individual switches
and so that the power rating of the inverter can exceed the limit
imposed by the individual switching devices. Pulse Width
Modulation (PWM) of multilevel inverter is typically an
extension of two level inverters. The most common types of
multilevel voltage source pulse width modulation are sine
triangle modulation and space vector modulation (Bowes1975
Bhagwat and Stefanovic 1983). Multilevel sine triangle
modulation relies on defining a number of triangle waveforms
and switching rules for the intersection of these waveforms with
a commanded voltage waveform. This method is fairly
straightforward and insightful for the description of multilevel
systems.

Multisource multilevel inverter can increase the level with
same number of DC sources with different values. The
topologies are cascaded, hybrid and new hybrid H-bridge
multilevel inverter. The topology was achieved by connecting
the H-bridge inverter in series with other H-bridge inverter. The
topology is a series connected H-bridge inverter which is also
known as a cascaded H-bridge inverter. It was developed by
Baker and Bannister in 1975.
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The interest in the multilevel inverter except three level
inverters faded during the 1980s, but in the 1990s this technology
began to draw more attention again. For example Marchesoni et
al (1990) proposed a cascaded multilevel inverter which could be
used in nuclear fusion experiments. Moreover, Marchesoni and
his research group made a significant contribution to the
multilevel inverter research, especially in control and
modulation, in the early 1990s; (Marchesoni 1998, Marchesoni
and Tenca 2002, Marchesoni et al 1990, Carrara et al 1990,
Fracchia et al 1992).

During 1990 to 2000s, several other variations of multilevel
inverter topologies have been proposed. Several alternative ways
to implement a cascaded inverter were introduced by Stemmler
and Guggenbach (1993), Kawabata et al (1996), Corzine et al
(1999), Barcenas et al (2002), Soto et al (2003). One of the
proposed cascaded inverter topologies includes a machine with
open end windings and a two level inverter, which is connected
to one end of the windings and the H-bridge to the other side
(Kang et al 2000). Another interesting topology that has attracted
increasing attention is the modular multilevel inverter (Lesnicar
and Marquardt (2003), Glinka and Marquardt (2003, 2005),
Hagiwara and Akagi (2008), Rohner et al (2009), Antonopoulos
et al (2009)).

In this Paper a MMC configuration is taken for analysis. The
MMC configurations that produce
3,5,7,9,11,13,15,17,19,21,23,25,37 are modeled and simulated
using MATLAB / SIMULINK. Phase disposition carrier based
sinusoidal pulse width modulation is applied for control of
switches of the converter. In section 11 describes control of MMC
Converter. In sections Il modeling aspects of MMC for
production of 23 levels in output is presented. Carrier signals that
are produced for control of 25 level MMC, Comparison of Total
harmonic distortion of MMCs producing different levels in their
output voltages are presented in Section IV, Results and
conclusion are given in section V.

1. CONTROL OF MMC CONVERTER

One of the most commonly used voltage balance
configurations for energy transfer is shown in Figure 2.1. An
inductor is connected between the cells of a Half — Bridge arm.
These circuits require 2n — 2 switching devices and n-1
inductances for a n cell configuration. An additional inverter
circuit is also required for driving the motor and requires a
charger circuit for battery charging purpose.

Inverter

Charger Source

voltage equalization

Charge and discharge control

Figure 2.1: Traditional Power Storage with voltage
equalization circuit and inverter.

The output terminals of inverter are connected to the
load terminals as well as charger circuit. When the battery cells

are connected to the charger terminals, the load is bypassed and
vice —versa.

Hybrid cascaded MMC proposed in [1] is taken for
analysis. The circuit is divided into two parts one part contains
cascaded half — bridges with battery cells and a H-Bridge
converter. The output voltage of cascaded half bridges is a stair
cased half sinusoidal wave with frequency equal to 2*f, Where f
is the output voltage frequency. H — Bridge connected here is
used for polarity reversal of the voltages produced by the
cascaded half — bridges. The advantage of this configuration is
that each cascaded half — bridge cell has the ability of involving
the battery cell into the voltage producing and by passed mode.
This gives flexibility in changing the number of cell to be
connected in voltage production mode. As a result a variable
voltage will get resulted across the output terminals of the load.
The switches used in H- Bridge are operated at higher frequency
than those used in cascaded half — bridges, and equal to f. At the
output terminals of H-Bridge 2*n-1 levels of ac voltage is
available. Where n is the number of cascaded half - bridges in
each phase. As the number of cascaded cells increased, increased
numbers of output levels are available across the terminals of H
— Bridge inverter. This makes the output voltage closer to an

dv
ideal sine wave and results reduced content of a harmonics.

Cascaded
_ bridge
Battery & arms
cell \‘\ i
Cell 1
] e ua’
Cell2 T
H-bridge
converter
Celln

Figure 2.2: Hybrid Multi level inverter proposed in [1].

For a cascaded half — bridge converter the switching
state is defined as follows

X

1 Upper Switch is ON
0 Upper Switch is OFF

The Upper and Lower switches are operated in a
complementary manner.

1. MODELING OF 23 LEVEL HYBRID CONVERTER

Cascaded Half — Bridge based Modular Multi level
converter is shown in figure 3.1. 11 Levels in output
voltage are available across its output terminals. As a result
23 Levels are available across the H-Bridge inverter.
Simulation model of 3-Phase 23 level hybrid converter is
presented in Figure 3.2. Carrier signals for control of the
switches S11, S21,......... S111 are given in Figure 3.3.
Switching pattern for obtaining 12 levels across half —
bridge based converter are presented in Table 3.1.
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Figure 3.1: Cascaded half — Bridge based MMC for production
of 11 Levels at its output terminals.

Figure 3.2: Simulation model of 3 — Phase 23 Level Cascaded
Hybrid Inverter.
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Figure 3.3: Modulating and carrier Signals used for Generation
of Switching pulses for Switches used in Cascaded Half —
Bridge Converter.
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Table 3.1: Magnitude of output voltage with respect to
Switching states of switches

V. SIMULATION RESULTS

Simulation studies are conducted for the model derived
to obtain different voltage levels of a cascaded half — Bridge
based MMC Inverter. Total harmonic distortions in load voltage
are evaluated and are tabulated in table 4.1 for the converter
when supplying RL load with 10Q and 110mH inductance.
Battery cells are considered as ideal voltage sources and are
modeled as constant DC voltage sources. Amplitude of Battery
voltage is taken as 12V. The Switches of H-Bridge inverter is
controlled with pulses of 50Hz frequency with duty ratio equal
to 0.5. The voltage across the load with load current for Phase A
of a 3 — Phase Hybrid Converter is presented in Figure 4.1. Input
applied to H-Bridge inverter is given in Figure 4.2. Load Current
and Load Voltages of Phase A are presented in Figure 4.3. A
carrier frequency of 25000Hz is taken for generation of
switching pattern for the switches used in half — bridges and
MOSFETS are used for achieving the switching purposes.
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Figure 4.1: Phase Voltage of Phase A in Volts of Hybrid MMC.
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Figure 4.2: Input voltage applied to H — bridge Inverter.

Total Harmonic distortion Analysis is done for the
different output levels produced by the converter are presented
in table 4.1.

Peak Levels
S. Amplitude in Change
No | of \foltage Output % THD in THgD
in Volts | Voltage
1 10.37 3 21.00
2 22.54 5 9.94 11.06
3 34.31 7 6.38 3.56
4 45.78 9 4.75 1.63
5 57.06 11 3.55 1.20
6 68.16 13 2.82 0.73
7 79.13 15 3.06 -0.24
8 89.83 17 2.23 0.83
9 100.4 19 2.16 0.07
10 110.8 21 2.13 0.03
11 121.1 23 2.21 -0.08

Table 4.1: Evaluation of THD’s from Simulation Studies.

\tmge acrss Land and Curent trough he [nad for Prase A

Figure 4.3: Phase Voltage and Currents of Load connected on
Phase A of a 3 Phase

V. CONCLUSION

From the simulation studies conducted on Hybrid MMC
it has been found that the levels in output voltage increases and
the high power switches are switched at low frequency as a result
the switching loss decreases. The MMC converter has the ability
of producing the required number of levels in the output voltage;
this makes it suitable for variable voltage applications. The
Converter offers a reasonably good THD in the load voltages as
results the cost of filters will get reduced. As the number of levels
increases beyond 19 there in no considerable change in THD
values measured for different levels. So it is better to restrict the
number of levels to a vale between 17 or 23 for which the THD
value is lies between 2.13 and 2.16. Depending upon the load
power requirements the numbers of levels required in output are
opted. For example for low power applications 17 levels in
output may chosen for high power applications 23 levels may be
opted.
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