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ABSTRACT: Multilevel inverters play a key role in the areas of medium and high voltage applications. Among the
three main commercial multilevel topologies used, the flying capacitor multilevel inverter(FCMLI) has an advantage
with respect to voltage redundancies. This work proposes a switching pattern to improve the performance of chosen H-
bridge type FCMLI over conventional FCMLI. The modulation technique employed in this work is Phase Opposition
Disposition PWM(PODPWM). The performance of proposed H-bridge type FCMLI is verified through MATLAB-
Simulink based simulation. It has been observed that the harmonic content is low in chosen FCMLI compared to
conventional FCMLI.
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INTRODUCTION

The Multilevel voltage source inverter topologies are the best suited for medium and high voltage applications in the
industries. Mainly, there are three topologies of multilevel voltage source inverters [1-5]: neutral point clamped (NPC)
,flying capacitor (FC) and cascaded H-bridge (CHB). The flying capacitor topology[6] allows the conventional inverter
to produce higher output voltages by using standard low-voltage switches available in the market, controlling the real
and reactive power flow easily.

For the modulation of multilevel inverters, carrier-based modulation techniques are usually employed. Carrier-based
modulation techniques are mainly divided into two types [1,2]: phase-shifted carrier pulse width modulation (PSC-
PWM) and level-shifted carrier PWM (LSC-PWM). LSC-PWM, which is also called sub-harmonic PWM (SH-PWM),
can be categorized into the following three subgroups based on the phase disposition of the carriers: phase disposition
(PD), phase opposite disposition (POD) and alternative POD[7,8]. All of these subgroups vary in the way the carriers
are displaced.. The PSC-PWM is normally used for CHB inverters .The Total Harmonic Distortion(THD) of output
current with the LSC-PWM is slightly better than that of the PSC-PWM, especially under low-modulation index (MI)
regions. On the other hand, LSC-PWM methods are generally applied to the FC and NPC inverters, which are based on
amplitude shifts between carriers. POD PWM technique has been used in this work.

MULTILEVEL INVERTER

Figure 1 shows a conventional single phase five level FCMLI. One among the main benefits of FCMLI compared to
NPC topology is that single capacitor substitutes two diodes which consequences in simplification of the circuit and
reduction of overall losses. FCMLI provides enhanced voltage balancing across the clamping capacitors. To produce ‘n’
levels of output voltage, FCMLI requires (n-1)*(n-2)/2 number of clamping capacitors per phase leg and (n-1) main dc
bus capacitors. So, a conventional single phase five level FCMLI consists of 6 clamping capacitors and 4 dc bus
capacitors.

The middle point of the four dc bus capacitors is called neutral point. The switches could be classified into four pairs
(S1,S5), (S2,S6), (S3,S7) and (S4,S8). The switches in each pair are complementary to each other. So, during ON time
of S6 , S2 will be OFF and vice-versa. Capacitance of all the clamping capacitors is same.
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Fig 1.Conventional single phase five level FCMLI

The chosen H-bridge type FCMLI is shown in fig 2 . In this paper, a single phase five level FCMLI uses a switching
scheme in such a manner that the number of clamping capacitors is compact. We can note from figures 1 and 2 that the
number of clamping capacitors is reduced to 2 from 6, which lessens the size, space and cost of the multilevel inverter.
This topology assures low total harmonic distortion(THD). The table 1 shows the comparison of components used in
conventional and chosen FCMLLI.
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Fig 2.Chosen H-bridge type CCMLI
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Table-1 Comparison : Conventional and Chosen FCMLIs

Component Conventional Chosen
FCMLI FCMLI
Main power
Devices 8 8
DC bus capacitors 4 2
Clamping 6 2
capacitors
Number of legs 1 2

111.PHASE OPPOSITION DISPOSITION PWM TECHNIQUE

Fig 3 shows the classification of sinusoidal PWM, the sinusoidal PWM is classfied into phase-shifted PWM and level-
shifted PWM. Level shifted PWM can be categorized into three sub-groups namely Phase Disposition PWM(PD
PWM),Phase Opposition Disposition PWM(POD PWM) and Alternative Phase Opposition Disposition PWM(APOD
PWM) . POD PWM technique has been employed in this work.

Sinusoidal PWM
Phase Shifted Level Shifted
|

PD { pOD | ‘ APOD |

Fig 3. Classification of sinusoidal PWM technique

POD PWM:

In five level inverter, four carrier signals are used and the following points explain about POD PWM.

The POD technique has all its carrier waves at the same frequency with variable magnitudes. The only change that it has
with PD-PWM is that it has carriers below zero level reference in phase among them but in opposition, usually 180
degree phase shifted those of above.

Fig 4. PWM generation using SIMULINK developed for PODPWM technique
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Fig 4 shows the POD-PWM generation pattern for the selected flying capacitor multilevel inverter where four triangular
carrier signals and a sinusoidal reference signal. Based on the comparison, we get the resultant pulses. Those pulses are
given to the gating signal of the switching devices. As there are complementary switches in the circuit, if one pulse is
given to a switch, negative of that pulse is given to its complementary switch.
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Fig 5. The carrier signals and the modulating signals

The switching diagram is shown in fig 5. The sinusoidal reference signal and the triangular carrier signal is shown. As
we can observe from the figure, the amplitude of each triangular signal is one-fourth of that of the sinusoidal signal.
Here , peak-peak amplitude of the sinusoidal signal is taken as 2, so the amplitude of each triangular signal is 0.5. The
comparison is done between the reference signal and the carrier signals and a pulse is generated if sinusoidal signal is
greater than carrier signal.

Table 2. Simulation parameter values

Parameter Value
DC input voltage 220V
Flying capacitor 220uF
Carrier frequency 1100Hz

Load 100 Ohms

1VV. OPEN LOOP SIMULATION

Using MATLAB , the open loop circuit has been modelled and simulated in Simulink. The values of the component
parameters used in the simulation are as shown in table 2. The simulation diagram of the open loop Simulink model is
shown in
fig 6.
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Fig 6. Open loop Simulink model
The simulation results are shown in the following figures:

Fig 7 shows the output voltage of the open-loop conventional flying capacitor multilevel inverter using POD-PWM.
We can observe from the figure that the voltage waveform is much distorted from the desired sinusoidal waveform.
Hence, we use a H-bridge type FCMLI to reduce the harmonic content.

u

Fig 7. Output voltage of conventional CCMLI

Fig 8 shows the harmonic analysis of output voltage of the conventional FCMLI. We can see that the THD value is
32.9% which is very high. It will be reduced in the H-bridge type FCMLI.

Copyright to IJAREEIE DOI: 10.15662/ijareeie.2015.0407051 6069



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 7, July 2015

o
Fe G e Took D Vndon Hop

Dade h \30944-(3/0B/s0

sou prm—

Selectd sigrat § cycks. FFT wndow [ ed) 1 cycles

0]

10

J [’
0 LT
10 J Spunr |
a0 | n A L | \ | v
o L10] 01

o e oW oM o085 006 007

= s

Fandamertal 5Hz) = 2725 , THO= 2.18%

L L L L m . m
0 M a0 W0 40 S0 @ 9 80 M0 o 10
Frequascy (1)

Fig 8. THD of output voltage of conventional FCMLI

Fig 9 shows the output voltage waveform of the selected H-bridge type FCMLI. When compared to the voltage
waveform of the conventional FCMLLI, this waveform looks better sinusoidal and the harmonic content is reduced .
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Fig 9. Output voltage of chosen H-bridge type FCMLI

The harmonic analysis of the chosen H-bridge type FCMLI is shown in fig 10. It can be observed that the THD here in
this case is 26% . So, this topology could reduce the harmonic content , and that too with reduced number of

components.
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Fig 10. THD of output voltage of of chosen H-bridge type FCMLI

From the figures (7) through (10), it can be observed that we get a better quality voltage waveform for H-bridge type
FCMLI compared to conventional FCMLI. The Total Harmonic Distortion for the modified multilevel inverter system
is 26.9% compared to 32% for conventional FCMLI.

V.FUTURE WORK

Using MATLAB Simulink tool, the closed loop control model of chosen FCMLI will be attained. The control loop will
be simulated using Proportional Integral Derivative (POD) controller. Using the controller values , a code will be
developed which will be embedded in the PIC controller in the hardware implementation.
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