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Abstract— In recent years, multilevel power converters have been receiving increased
attention because they can withstand high voltage and engender a proximately sinusoidal
waveform. Large-motor drive systems are generally utilized with transformers to control
the voltage stress on semiconductor devices in the converter circuit. If multilevel converters
are instead used for this purpose, the transformers can be omitted because these converters
reduce the voltage stress on each switching device. However, multilevel converters have
certain disadvantages such as the need to balance the voltage of the dc-bus capacitors. In
this paper a novel five level diode clamped multilevel inverter is proposed. A three phase
five level diode clamped multilevel inverter is analyzed through simulation using
MATLAB® Simulink and it is implemented in hardware. The Total Harmonic Distortion
(THD) of five level diode clamped multilevel inverter (DCMLI) is verified and the results
are compared.

Index Terms—Diode clamped multilevel inverter (DCMLI), Total Harmonic Distortion
(THD).

I. INTRODUCTION

Power-electronic inverters are becoming more popular for various industrial applications.
In recent years high-power and medium-voltage drive applications have been installed [1]. To
overcome the limited semiconductor voltage and current ratings, some kind of series and/or
parallel connection will be necessary. Due to their ability to synthesize waveforms with a better
harmonic spectrum and attain higher voltages, multi-level inverters are receiving increasing
attention in the past few years [9],[10].

The multilevel inverter was introduced as a solution to increase the converter operating
voltage above the voltage limits of classical semiconductors. The multilevel voltage source
inverter is recently applied in many industrial applications such as AC power supplies, static
VAR compensators, drive systems, etc. One of the significant advantages of multilevel
configuration is the harmonic reduction in the output waveform without increasing switching
frequency or decreasing the inverter power output. The output voltage waveform of a multilevel
inverter is composed of the number of levels of voltages, typically obtained from capacitor
voltage sources. The so called multilevel starts from three levels. As the number of levels reach
infinity, the output THD (Total Harmonic Distortion) approaches zero [3], [9]. The number of
the achievable voltage levels, however, is limited by voltage unbalance problems, voltage
clamping requirement, circuit layout and packaging constraints. Multilevel inverters synthesizing
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a large number of levels have a lot of merits such as improved output waveform, a smaller filter
size, a lower EMI (Electro Magnetic Interference) and other advantages [2].

1 }s
Tt

"1_

Fig 1. Five level diode clamped multilevel inverter.

II. D10DE CLAMPED MULTILEVEL INVERTER [DCMLI]

One of the multilevel structures that has gained much attention and widely used is the
Neutral-Point-Clamped multilevel inverter or also known as Diode Clamped multilevel inverter
[4][5]. DCMLI multilevel inverters synthesize the small step of staircase output voltage from
several levels of DC capacitor voltages. An m-level DCMLI inverter consists of (m-1) capacitors
on the DC bus, 2(m-1) switching devices per phase and 2(m-2) clamping diodes per phase.
Figure 1 shows the structure of 5-level DCMLI.

TABLE I SWITCHING STATES OF 5 LEVEL DCMLI

Power device Output Phase Voltage (Vo)
Index Vi | V2| V3| Vs]| Vs

Si 11 0]0]0]O

S2 L |{1]0]01]O0

S3 1 1 1101/ o0

S4 L |1 ]1]11]0

Ss 0|1 1 1 1

Se 0|01 1 1

S7 ololo|1]1

Ss ololo|o]1
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The DC bus voltage is split into 5 levels by using 4 DC capacitors, C1, C2, C3 and C4.
Each capacitor has Vqa/4 volts and each voltage stress will be limited to one capacitor level
through clamping diodes [6], [7]. The output voltage, V,, has three states as given in Table 1.

The number of levels can be extended to a higher level by additional switching devices
and with these additions, the inverter will be able to achieve higher AC voltage, producing more
voltage steps that will be approaching sinusoidal with minimum harmonics distortion. During
inverter operations, the switches near the centre tap are switched on for a longer period compared
to the switches further away from the centre tap as given in the switching states in Table 1. As
the switch is further away from the centre tap the switching time is shorter. Another difference
between the conventional 2-level and multilevel DCMLI is the clamping diode.

III. MATLAB® SIMULINK MODEL

The 3-phase, 5-level DCMLI multilevel inverter consists of twenty four IGBTs, eighteen

clamping diodes and four capacitors as illustrated in Figure 2.
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Fig 2. SIMULINK® realization of five level diode clamped multilevel inverter.

The clamping diodes are connected in such a way that it blocks the reverse voltage of the
capacitor. four capacitors have been used to divide the DC link voltage into five voltage level i.e.
+Viac,+Vae/2, OV, —V4e/2, —Vgc. thus the name of 5-level. In this work, twenty four triggering
signals are needed for the 5-level DCMLI inverter. These signals should be synchronized with
the AC supply voltage. Since the MATLAB® Simulink does not have such triggering block set, a
new triggering block has been designed and developed using the block set obtained from
Simulink Toolbox. Also, the gate signals sequence and duration of conduction angle of the
IGBTs has been determined.

The figures from 3 to 6 are the simulation results of the line voltage and %THD of the
three level and five level DCMLI.
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Fig 3. Line to Line voltage of three level DCMLI

-FFT analysis

Fundamental (50Hz) = 380.6 , THD= 30.99%
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Fig 4. FFT Analysis of three level DCMLI

Fig 5. Line to Line voltage of five level DCMLI
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Figure 3 shows the line to line voltage of developed 5-level DCMLI inverter with resistive

load.
FFT analysis
Fundamental (49.8Hz) = 310.5 , THD= 10.81%
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Fig 6. FFT Analysis THD in five level DCMLI

Since %THD of the proposed five level DCMLI is less, the same is implemented in
hardware and %THD is analyzed using Power Quality Analyzer (PQA).

IV. HARDWARE SETUP AND RESULTS

The DCMLI inverter needs twenty four gate pulses to trigger the IGBTs. A triggering
circuit comprises of AT89C51 microcontroller, MCT2E optocouplers and IR2110 IGBTs drivers
have been designed. Figure 7 shows the block diagram of the laboratory model of the proposed
five level DCMLI’s triggering circuit and phase shift circuit.

AT89C51 microcontroller has been programmed to generate the twenty four pulses for
the IGBTs power circuit. As a protection for the microcontroller between the high voltage and
low voltage devices, MCT2E optocouplers have been selected as the isolation devices. Single
channel IGBTs driver IR2110 has been chosen as the driver to provide the required voltage and
power to switch on and off the IGBTs. It also functions as an isolation device.

ACTODC DIODE CLAMPED
CONVERSION INVERTER
DRIVER
CIRCUIT

MICROCONTROLLER
SIGNALS

FILTER CIRCUIT  —=

OuTPUT

Fig 7. Block diagram of DCMLI
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Figure 8 shows the hardware setup of the 5-level DCMLI with power quality analyzer
(PQA). Figures 9 and 10 give the measured line to line voltage and harmonic output obtained for
the proposed five level DCMLI using Power Quality Analyzer (PQA).
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Fig 10. Harmonics order per phase of 5-level DCMLI in Power Quality Analyzer
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TABLE II COMPARATIVE RESULTS OF THE THREE AND FIVE LEVEL DCMLI

Simulation Hardware
Three Level DCMLI Five level DCMLI Five level DCMLI
30.99 % 10.81% 14.27%

V. CONCLUSION

The feasibility of the five level DCMLI is made in this paper. From the simulated and
experimented results it is concluded that the proposed five level DCMLI has less %THD
compared to three level DCMLI and the voltage of the dc-bus capacitors is well balanced. But
the reason for variation in experimental %THD over simulation is to be analyzed as a future
scope.
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