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ABSTRACT

A New Asymmetrical Source Multi Level Inverter (NAS-MLI) captivates the need of high power
and high voltage outputs. The proposed inverter to reduce Electro Magnetic Interference(EMI),
harmonic distortion and high DC link voltage perk up the Multi Level inverters important than the
decorous two level inverters. In this paper the comparative analysis of the MLI can be described with
different type of controllers and the performance of the inverter has been presented. This topology
postulates N number of sources, N*2+4 number of switches in order to produce 4N-1 different levels
of outputs. The proposed controller has been developed and simulated using MATLAB/Simulink.
The FFT analysis has been obtained to validate the role of the controller.
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. INTRODUCTION

The prevailing Multilevel power conversion methods employ series connection of many semiconductor
switches through the clamping diodes which in turn reduces the frequency of the switching and its associated
switching losses and issues of the over voltage. Further, the power conversion achieved through the small
voltage steps ensures greater power quality and lower voltage stress on the load [1]. The impediment of ML
power conversion discusses that the mechanical intricacy rises due to the demand of the greater number of the
semiconductor switches and yoked driver gates. It is suggested that the bottom dollar of the ML power
conversion can be reduced by using the lower voltage rated switches [2].

The major drawback of the ritual ML power converter is stated as the production of small voltage
steps. In spite of the availability of the readymade isolated voltage sources, the necessity of the voltage balance
on series capacitors also strengthens the former statement [3]. Even though the supernumerary semiconductor
devices address the voltage balancing problem to a certain extent, the outright solution may be yielded by using
another ML converter [4]. Since the passion over the ML power conversion drives the researchers for the past
two decades, several contemporary converter topologies and modulation methods have been proposed. Cascade
converter, NPC converter and flying capacitor inverters are considered as the most innovative groundworks
among presented. A cascade 3/2 ML inverter is a combo of two level converters with three level NPC converters
[5]. Similarly the fusion of the three level cascade converters with five level NPC converters yields a cascade
5/3 ML inverter [6]. These novel converters are being utilized in FACTSs, vehicle propulsion and industrial
drives [7-12].

Irrespective of the cost and design issues, ML inverter with multiwinding transformer offers multilevel
output. A unique four level inverter gives better response for even number of voltage levels. But it does not
acknowledge properly the low or zero output voltage level because of harmonics present at switching frequency.
A proposal offers healthy choice of either use of minimum switches or minimum dc voltage. However it bids
different series connected voltage sources, more switches and diodes. Though the predominant ML inverters can
generate nine output voltage levels with four dc sources, a topology presented by Mondal et.al produces only
five output levels [13].

Based on distinct relationship and arrangement between the supplies, an asymmetrical topology is
volunteered [14]. In some asymmetrical topologies, the limitation talks about the ratings and performance of the
switches and thus restricts the topologies for high voltage products [15]. A novel ML inverter decreases the
number of DC sources by inserting many transformer windings which eventually raises the product cost and size
[16]. In a new topology, there is a need of more number of switches for the same number of levels. Increasing
number of switches again leads to inaccuracy. A deserved topology while matches the value of capacitors to the
load current, consequently suffers from balancing of capacitors. If load current increases then the capacitance
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should also be vitally increased. This challenge will not be met in all the cases. When modulation index reaches
its maxima and minima, in a particular topology, the output voltage is affected by the capacitor voltage and so
balancing is needed. This paper manifests a thumbnail of new asymmetrical Multi Level inverter topology. The
elucidated topology needs only lesser number of components which exert some of the switches to be operated at
the line frequency. This eliminates the functionality of all switches in high frequency and provides lucid and
devoted design of inverter [17,18].

In this paper, work is carried out on asymmetrical ML inverter topology which raises the output voltage
unlike in symmetrical topologies with Fuzzy Logic Controller (FLC). It adopts the general multilevel schematic
and Pulse Width Modulation pulses are taken out from microcontroller to drive the inverter. The same inverter
topology can be extended to any number of voltage levels.The enforced simulation work with four DC sources
and fifteen levels of outputs is presented. The experimental results for hardware deployment for eight levels of
outputs are also put on display.

. PROPOSED NAS-MLI TOPOLOGY
Figure 1 shows the schematic diagram of proposed topology. This schematic diagram reveals the
hardware functionality of the proposed system. In the promoted ML inverter topology, all the power
semiconductor switches are not combined to generate bipolar output levels. Instead, the composite of two parts
escalate the progress of the topology to newer heights.
Level Generation, the first part accommodates high frequency switches to provoke the output levels.
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F>i7g 1: Schematic diagram of topology

Polarity Generation, the later low frequency part employs the full- bridge inverter to generate the

required polarity. The left side of the schematic diagram of the topology in figurel shows series connected
asymmetrical DC sources with clamping diodes to generate output voltages at various levels. In symmetrical
source method, output voltage is same as the value of the individual source due to the design factor, V,=V,=V;
=V, where V is per unit voltage. For example, If V;=V,=V; =48V, then the output voltage will also be 48V.
The asymmetrical source distribution is made in such a way that V=V and V,=V3; =2*V. So it is concluded that
in the proposed topology, the output voltage is doubled. For example, V=48V and V,=V; =96V, it is shown
that the output voltage is doubled naturally due to the asymmetry followed in the design. The right side of the
schematic diagram of the topology in figurel shows the common H-Bridge, a full — bridge converter. It transfers
the unidirectional output into bi-directional, at the output. Thus the positive or negative polarity of the output
signal is decided.

This topology can be further extended to higher voltage levels by duplicating and adding middle stage
as required. The topology is thus made suitable for three phase applications. Since isolated and fixed DC
supplies are used, the proposed system normally does not address the voltage balancing problems. The proposed
topology utilizes fewer numbers of components and less number of carriers for Multi Carrier PWM (MCPWM).
This topology requires one modulation signal and so avoids the usage of high frequency switches for the
polarity generation part.

As the left part of the recommended topology generates only one polarity, the number of carrier signals
needed is reduced into exact half. So, instead of producing fourteen carrier signals, only seven carrier signals are
generated. Table 1 interprets the output voltage levels and its corresponding switching sequences. Due to the

www.ijceronline.com Open Access Journal Page 44



Performance Analysis of NAS-MLI Using FLC with FFT Analysis

felicitous switching sequences, the equivalent output voltage levels are obtained. It is understood that the sum of
isolated DC voltage sources stems the final output voltage level.

From the above tablel, we can yield a conclusion that the number of output voltage levels is far better in the
proposed topology than the conventional one. If the number of isolated DC sources is mentioned as N, then it is
effortless to calculate the number of output voltage levels as:

In the existing system, for N sources,

voltage level = 2N+1 levels ]
In proposed system, for N sources,
voltage level = 4N-1 levels 2

Table 1. Number Of Levels, Sources And Switches

Sources | Switches
No. of No. of
No. of levels in levels in
Sources Existing Proposed E P E P
N system system
2N+1 4N-1
1 3 3 1 1 6 6
2 5 7 3 2 10 | 8
3 7 11 5 3 14 | 10
4 9 15 7 4 18 | 12
5 11 19 9 5 22 | 14
6 13 23 11| 6 26 | 16
7 15 27 13 (7 30 | 18
8 17 31 15| 8 | 34 | 20
9 19 35 17 9 38 | 22

The proposed topology proved that the number of output voltage levels of the proposed system is
tremendously increasing for the same number of sources. Thus the equation 1 and 2 can be used for any humber
of sources. Table 1 discusses the legal relationship between the number of output voltage levels and their
correlative number of sources and high frequency switching devices. From the above table 1, we can finalize
that the number of switching devices is much lower in the proposed topology than the existing one. From the
number of output voltage levels L, we can calculate [L-1]/2, to obtainthe number of sources and the switches as:
No of sources S= 1+ (((L-1)/2)-1)/2 ...3
No of switches = S*2+4 A

From the tables the proposed system gives higher reliability. So the equation 3 and 4 can be used for any
number of sources for this asymmetry source multilevel inverter.

1. RESULT AND DISCUSSION

1. Design of Fuzzy Logic Controller

The Fuzzy Logic Controller (FLC) provides an adaptive control for improved system performance
[13]. FLC is intended to give solution for controlling the non-linear processes and to handle ambiguous and
uncertain situations. The performance of the Controller is developed with MATLAB/Simulink in terms of
voltage regulation and variation. The FLC have three stages namely Fuzzification, Rule-Base and
Defuzzification. The fuzzy control is developed using input membership functions for error ‘e’ and change in
error ‘Ae’ and the output membership function for the duty ratio ‘Au’ of inverter. The output of the fuzzy control
algorithm is the change in PWM Signal [5d (c)]. The PWM Signal d (o), at the o™ sampling time, is determined
by adding the previous PWM Signal [d (o -1)] to the calculated change in PWM Signal:

d (o) =d (o -1) + &d () .5
The fuzzy rule variables error ‘e’, change in error Ae’ and output Au’ are described by triangular membership

functions. The graphical diagram of triangular membership function is shown in figure 2. Seven triangular
membership functions are taken for creating the rules. Table 2 present the fuzzy rules. Fuzzy memberships NB,
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NM, NS, Z, PS, PM, PB are defined as Negative Big, Negative Medium, Negative Small, Zero, Positive Small,
Positive Medium and Positive Big.

-1 0.3 06 04 02 0 02 04 0.6 0.8 1
Input Vaiable "Error”

0.4 -0.3 0.2 0.1 0 0.1 0.2 0.3 04
Input Variable " Change in Error”

0.2 -0.15 0.1 -0.05 0 0.03 0.1 013 0.2
Output Variable

Fig 2: Fuzzy Membership Function Table.2 Fuzzy Rules

NB NM NS Z PS PM PB
NB NB NB NB NB NS PS Z
NM NB NM NM NS NS 4 NS
NS NB NM NB NS z NS PS
4 NB NS NS 4 PS NM PB
PS NS NS z PS PB NM PB
PM NS 4 PS PB PB NM PB
PB 4 NS PS PB PB PB PB

We have successfully simulated four sources and fifteen output voltage levels Multi Level inverter by
using MATLAB Simulink. The hardware is also deployed with two DC sources and seven output levels. The
Multi Carrier Pulse Width Modulation MCPWM pulses were generated from the port B of microcontroller. The
greater accuracy is achieved by using the digital control over PWM by the micro controller.The designed
topology was tested on both resistive and inductive loads and the respective outputs were verified. The
maximum output voltage is 325V and the switching frequency of this ML inverter is 5KHZ.

The output of the suggested topology is the result on 50Q resistive load with Total Harmonic Distortion of
7.13%. The typical outputs are shown in the figure 3 and figure 4.

Fig 3: Output on resistive and inductive loads with PWM control
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Fig 4: Output on resistive and inductive loads with FLC

The FFT analysis of the proposed NAS-MLI for the output voltage is shown in the figure 5. The Total
Harmonic Distortion (THD) is calculated from the inverter side. It’s found from the above FFT analysis that the
controller tracking performance is good and THD values are less compared to other controller.

Al ,.uL_L..Lu.Ll,L,.u. L LJuLl I |,|.L i

Fig 5 FFT analysis

Table.3 Comparative analysis of transient and steady state performance for different controllers

Controller Steady state error Settling Time in THD in %
Sec.
PWM 1 2.36 18.8
FLC 0.04 1 7.13

The performance of the proposed controller response for NAS MLI has been estimated and provided in
table 3. It is seen that the FLC based closed loop controllers give the better settling time compared to PWM
controller. This ensures that the controller provide the effective feedback. It is concluded from the above table 3
the FLC based controller has improved the transient and dynamic performance of Inverter.

V. EXPERIMENTAL RESULTS

The proposed model is fabricated and performance is tested. A prototype inverter with controller is
operating 300W, 50Hz is designed. The P89V51RD2BN microcontroller is used for generating the driving
pulses and IRFP840 MOSFET used as switches in the inverter bridge circuit. MUR4100 diodes are used in the
rectifier circuit. The frequency level of the generated PWM is 5 KHz. The open collector opto couplers CYN
17-1 generate the PWM signal from the microcontroller through isolator and 1R2110 driver IC. The speed of the
motor can be controlled from inverter output. The motor speed is sensed by a digital type pulse sensor
GP1L53V. The PWM pulse signal is given to a LM2907 voltage converter IC and feedback signal is given to
the microcontroller through an ADC IC ADC0808CCN. Figure 6 shows the hardware setup and figure 7 shows
the output of the hardware setup in the Digital Storage Oscilloscope.
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, ;_ r=
Fig 6: Hardware setup

V. CONCLUSION

The proposed controller can be estimated and analyzed with MATLAB/Simulink. It has been found
from the analysis that the FLC controller provides better efficiency and high regulation while change in load and
supply. The comparison table are presented for transient and dynamic performance of the controllers. It is
concluded from the above analysis the proposed FLC controller performs better than other conventional
controllers. The harmonics spectrum FFT results obtained from the MATLAB/Simulink. This is to validate, the
proposed system was reducing the harmonics in FL controller. The proposed controller provides a good speed
tracking without overshoot and less settling time. The proto type model was design and the experimental results
are closely agreed with simulation results. All these results arrives a conclusion that the proposed ML inverter
topology provides reputable output than the existing system.
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