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1. INTRODUCTION

Multilevel inverters are gaining importance mainly due to reduced harmonics content in its output.
Traditional voltage source inverters (VSI) fed systems suffer from high harmonics, electromagnetic
interference in the output. This led to the development of concept of multilevel inverter which offers less
harmonic output voltage. The major challenges in the development of multilevel inverter are reducing the
increase in number of switches for each level increase of output, less harmonics, low electromagnetic
interference, low switching losses and high efficiency. The basic types of multilevel inverters are diode
clamped, flying capacitor and cascaded multilevel inverter [1]-[4]. Apart from these are also other topologies
like reverse voltage topology [5], sublevel inverter [6], etc. Various control techniques [7] for multilevel
inverters have been proposed. Among the above, due to the advantage of ease in increase of level, no
capacitor balancing problem and reliable (cell like) structure, cascaded multilevel inverter is applied to
medium and high power applications as well as renewable energy fed applications [8]-[10].

Several sinusoidal modulation techniques like Alternative Phase Opposition Disposition (APOD),
Phase Shift Carrier (PSC), multilevel sinusoidal-modulation (MSPWM), Phase shifted carrier PWM (PSC
PWM), and Single Carrier Sinusoidal PWM (SCSPWM) [11] etc have been proposed already. Here a new
hybrid modulation technique for harmonic reduction and reduced switching losses is proposed. This paper
first discuses about the basic principle behind the technique, then hybrid switching scheme for reducing stress
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on switches as well as its losses using 5-level cascaded multilevel inverter, and extension to N-level systems
is discussed. At last the same is simulated and verified with experimentation results.
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Figure 1. 5-level Cascaded multilevel inverter circuit

2.  BASIC PRINCIPLE OF MODULATION TECHNIQUE

The basic principle behind the proposed Negative Half Cycle Biased Modulation Scheme
(NHCBM) is explained using the 5-level cascaded multilevel inverter Figure 1. The modulating signal is
generated with respect to the carrier signal of amplitude A,. If the amplitude of the modulating sinusoidal
signal is A, then the modulating signal is generated using the following formulas,

Up p1 = Ay, sin ot (D
Un ni = Ap sin ot + Ag (2)
Un p2 = Ap sin ot -Ay 3)
Un n2 = A sin ot + 3A,, 4)

Equations 1-4 represent the positive cycle and negative cycle of two modulating signal. The
resulting modulating and carrier waveforms for 5-level inverter are shown in Figure 2.

Figure 2. Proposed Negative Half Cycle Biased Modulation (NHCBM) Scheme
Therefore in case of N-level inverter, the positive and negative cycle of the modulating signal is
given by:
Um o = Ay, sin ot - (N-3)/2)Ay 5)

U v = Ay, sin ot + (N-2)Aq 6)
The modulation index (M) is given by:
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An=(N-1)MA,/2 (7

Figure 2 is due to modulation index of M=8. It is noted that the proposed modulation signal has
negative cycle biased based on the level of operation and can be easily applied to N-level system

3. HYBRID SWITCHING SCHEME

The block diagram of hybrid modulation switching scheme is shown in Figure 3 for 5-level inverter.
This scheme is based on the main aim of circulating the switching pulses between the cascaded multilevel
inverter cells. Four kinds of signals A-D is generator in the base modulation generator and the pulses for
switches are generated in hybrid modulation controller for the each cell separately. Base PWM circulation
block is used to modulate the signal C and D which are the signal generated using the proposed modulation

scheme.
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Figure 3. Block diagram of Hybrid switching scheme

3.1. Base Modulation Signal Generator

The block diagram of base modulation signal generator is given in Figure 4. Base modulation
generator generates four signals A-D based on the control parameters like modulation index (M), output
voltage frequency (f,) and carrier frequency (f.).

Segential | g, ﬂ_l]
switching

Fundamental pulse A

frequency generator

PWM
generation B
i
A NG HHpo
Unipolar
rectification

Modulation

waveform }

comparator

M =]
Carrier 1
waveform

comparator
comparator

Figure 4. Block diagram of Base modulation signal generator

The signal A and B is independent of the number of level of inverter as it is based on the output
frequency (f,). The signal A and B is a square wave generated with 50 percent pulse width and frequency (f,)
and (f,/2) respectively and is independent of the number of levels.
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The signal C and D are modulated signals from the proposed modulation scheme as already
discussed in case of 5 level inverter in previous section.

3.2. Base PWM Circulation and Hybrid Modulation Controller

With the aim of reducing switching losses base PWM circulation can be implemented using
multiplexer as shown in Figure 5. The signals C and D are circulated at the rate of frequency f,/4 to produce
signals C” and D’ as output for 5-level inverter.
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Figure 5. Base PWM circulation schemes for 5-level inverter
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This scheme can be implemented to N-level by circulating each signal at the rate of f,/(N-1). The
output signals C’ and D’ are combined logically with A and B in the hybrid controller to generate switching
pulses for the inverter. The logics used for 5-level inverter is shown below:

S1— ABC' + 4B S1'= ABD' + 4B
S2 = ABC' +AB S? = ABD' + AB
s3=ABC'+ A8 ™ g3 _ABp 1 AB
S4—ABC' + AB S# —ABD' + AB

From the above logics it can be observed that these logics can be extended to N-level inverter easily
by just replacing the modulated signal generated in each set of equations.

4. SIMULATION RESULTS
The proposed technique is simulated using Matlab software and the results are studied below at switching
frequency of 100 KHz. The simulink circuit diagram of the 5-level inverter is shown below in Figure 6.

!

Figure 6. Simulink construction cascaded 5-level inverter
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Figure 7. Hybrid controller logics implementation

The hybrid modulation controller logics are implementation in simulink is shown in Figure 7.

The switching pulses S1 to S4 and S1° to S4’ generated from the logics are shown in Figure 8. From
the figure it is observed that the pulses contain both fixed pulse width modulation (FPWM) and Negative
Half Cycle Biased Modulation (NHCBM) signals forming a hybrid combination. The output voltage is
applied to load resistance of 10ohms and each of cascaded cells has input voltage of 200V. The output
voltage and current waveforms of the inverter with modulation index (M=0.8) are shown in Figure 9.
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Figure 8. Hybrid modulated switching pulses
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Figure 9. Output current (Io) and output voltage (Vo)

waveforms

The Total Harmonic Distortion analysis (THD) of the proposed scheme reveals that the harmonics is
reduced to nearly half from the results of THD shown in Figure 10 and 11.
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Figure 10. THD in output voltage due to proposed
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Figure 11. THD in output voltage without Hybrid
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hybrid scheme (HNHCBM) scheme (NHCBM)
The variation of Total Harmonic Distortion (THD) with the modulation index (M) is plotted and is
shown in Figure 12.
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Figure 12. Modulation index (Vs) THD

From the graph and THD analysis, it is clear that the proposed hybrid method is most efficient
SPWM method.

5. HARDWARE IMPLEMENTATION

CHi= 18,80 Time 100.0ms ©40.0000s

Figure 13. Hardware setup of cascaded five level Figure 14. DSO measured five level output voltage
inverter

Figure 15. Harmonic spectrum of output voltage

The Proposed Hybrid Negative Half Cycle Biased Modulation Scheme (HNHCBM) is implemented
in hardware using FGA25N120 IGBT for the full bridge inverter and CSD100060 diode as the switching
devices and the gate pulses are generated using the TMS320F2407 controller. The experimental setup is
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shown in Figure 13 and the output voltage waveform obtained across the load resistance 10ohm is shown in
Figure 14. From Figure 13 and 14 it is evident that the output voltage waveform obtained during
experimental analysis is similar to simulation and the harmonic spectrum of the output obtained is shown in
Figure 15. From the practical results it is evident that this method is efficient than normal SPWM methods.

6. CONCLUSION

In this paper, Negative Half Cycle Biased Modulation Scheme (NHCBM) is proposed and
implemented using hybrid modulation (HNHCBM) technique. The harmonics spectrum of the output voltage
for R load is analysed and the output obtained during NHCBM and HNHCBM is compared. From the above
comparison it is evident that output voltage harmonics is improved using the hybrid technique. The Harmonic
performance of this proposed scheme is plotted against modulation index and it seems to be efficient. PWM
circulation in hybrid scheme leads to balanced power dissipation in the switches within the cell as well as
series connected cells. This scheme can be easily extended to higher voltage levels and to 3 phase systems.
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