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ABSTRACT: Multilevel inverters are preferred over conventional inverters as the quality of output voltage improves
with the number of voltage steps at the output. In addition, low switching losses, low voltage stress on the switches,
high efficiency and better electromagnetic interference are the advantages of multilevel inverters. But the cost, circuit
size so installation space, complexity of control scheme and reliability are dependent on number of circuit devices used.
Thus the number of circuit devices used in the multilevel inverter has to be reduced. To achieve this, a modified
symmetric multilevel voltage source inverter is proposed to generate fifteen levels of voltage using a lower number of
circuit devices including power semiconductor switches and gate driver circuits. That is conventional cascaded H-
bridge multilevel inverter can be replaced with the suggested symmetric multilevel inverter with reduced switches
which is cost effective and has simple control scheme. Simulation for the suggested topology has been carried out using
MATLAB-simulink software and the output voltage with fifteen levels has been obtained. The simulation results thus
obtained confirms the superiority of the proposed topology over the existing topologies.
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ILINTRODUCTION

Multilevel inverters are emerging as a viable alternative for most of the applications because of their higher output
power quality, lower total harmonic distortion, higher amplitude of the fundamental component, higher efficiency,
lower switching losses, and lower dv/dt. These advantages are the reason for the transition from the conventional two-
level inverter to multilevel structures. They include an array of power semiconductors and dc voltage sources, the
output of which generate voltages with stepped waveforms. Three broad classification of multilevel inverters are
Diode clamped MLI, Flying Capacitor MLI and Cascaded H-bridge(CHB) MLI. The Cascaded H bridge inverter can
be divided into two groups from viewpoint of values of the DC voltage sources: the symmetric and the asymmetric
topology. In the symmetric topology, the values of all the DC voltage sources are equal. This characteristic gives the
topology good modularity. However the number of switching devices rapidly increases by increasing the number of
output voltage level. In order to increase the number of output voltage level, the value of DC voltage sources are
selected to be different, these topologies are called asymmetric.

The Cascaded H-Bridge multilevel inverter has been industrially employed in several application fields such as pump,
fans, compressors etc. In addition, they have been recently proposed for other applications like photovoltaic power-
conversation system and wind power conversion. In this paper a new configuration of symmetric multilevel inverter is
suggested which can generate more number of levels using lower number of circuit components compared with the
conventional CHB inverter. Lower circuit component reduces power losses and voltage drops. The simulation results and
its comparison with the conventional CHB inverter demonstrate its benefits.

Il. SYMMETRIC TOPOLOGY

Fig. 1 depicts the overall view of the proposed symmetric multilevel inverter. The proposed topology is composed of n-
isolated dc voltage sources. Among different topologies of cascaded multilevel inverter the presented work deals with
the symmetric MVSI which means the value of DC voltage sources selected are same. The quality of the output voltage
may deteriorate due to the inequality of dc voltage sources and as a result of inequality of voltage levels.
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Fig 1. Overall view of symmetric multilevel voltage source inverter.

The proposed inverter is constituted of k cells that is basic units, as shown in Fig. 1. The basic unit of the suggested MLI
is expressed in Fig. 2. Three dc voltage sources and four power switches are the elements of the basic cell. Each power
switch consists of a metal oxide semiconductor field effect transistor. The equivalent circuits for the basic cell of the
suggested MLI with the modes of working to generate various voltage levels are illustrated in Fig. 3(a)—(d). As
mentioned in the figure, the operation of “not turning on the switches at the same time” can prevent a short circuit.
Hence, switches (S1 with S1°) and (S2 with S2) are controlled in a complementary manner. The output of each basic
unit is four levels that consist of three positive and zero values. Various switching states of the basic cell of the suggested
topology, for each output voltage step, are represented in Table I. Table | shows that the relevant switch is turned on, and
0 points out the off-state. A provided output phase voltage is synthesized by individual voltages of dc sources. The
reason for calling the proposed topology symmetric topology is the same value of (\Vdc) for all dc voltage sources .The
basic unit of proposed symmetric multilevel inverter can be given as follows.
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Fig 2.Circuit diagram of the basic unit of the suggested Topology.

If m represents the number of levels, then the number of DC voltage sources required are given by,

m—1

n:

@)

Then the basic unit in this configuration determines the number of output levels to be generated. Hence the number of
basic units used gains importance here. If k represents number of basic units used, then the expression for k is given as,

-1
k = ”3 (2
where n is the number of DC voltage sources.

-
&
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Fig. 3. Equivalent circuits of modes of operation of basic unit for (a) 3Vvdc, (b) 2Vvdc, (c) Vdc, and (d) zero level.
TABLE 1

Switching states of basic unit of suggested symmetric mli

MODES S1 S2 Vo
1 1 0 +3Vvdc
2 1 1 +2Vdc
3 0 0 +Vdc
4 0 1 0

The next important parameter to be decided is the total number of switches to be used in the suggested inverter which is
given as,

gn+l0d L
N viten = 2 , with individual DC source
dn+ls Lo
N viten = — without individual DC source 3

Number of driver circuits required to give pulses to the switches are given as
Npriver = Newitcn 4)
The power loss in any inverter can be studied under two types:
i.Conduction losses: this results due to the equivalent resistance and the on-state voltage drop of switches.
ii.Switching losses: practical switches suffer from switching losses due to their non-ideality.
Losses across the MOSFET switches can be calculated using the following equation.
P () = [V + RpiP(£)]i(E) (5)

;- and B are the on state voltage and internal resistance of MOSFET respectively. B is the constant dependent on
MOSFET characteristics. Thus the general characteristics of the suggested symmetric multilevel inverter is discussed.
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111. SIMULATION AND RESULTS

The simulation for eleven level and fifteen level inverters based on the suggested symmetric topology is made by using
MATLAB-Simulink.

Eleven level Inverter

The circuit diagram of the eleven level symmetric multilevel inverter is shown in figure 4 with ten switches and five DC
voltage sources. The input DC voltage source V4.=7.5 Volt. Five DC voltage sources are used and are of same magnitude
7.5 volt, since this is symmetric topology. The Simulink block of the eleven level symmetric inverter is shown below.
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Fig 4. Circuit diagram of eleven level inverter Fig 5. Simulink block of eleven level inverter
TABLE II
Switching States of eleven level inverter

Voltage/

I
<

S, S,

I
c

Switches
5vdc
4Vdc
3vdc
2Vdc
1vdc
Ovdc
-Vdc
-2Vdc
-3Vvdc
-4Vdc
-5Vdc
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The output of the eleven level symmetric inverter is observed under three categories. They are output voltage, output
current and the Total Harmonic Distortion.
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Fig 6. Simulated Output VVoltage Of Eleven Level Symmetric Inverter
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Fig 7. Simulated output current Of Eleven Level Symmetric Inverter
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Fig 8. Total Harmonic Distortion Of Eleven level Symmetric Inverter

The above figure 7 represents the Total Harmonic Distortion of the eleven-level symmetric inverter. The THD level
obtained is 7.60% which is considerably high and can reduce the quality of sinusoidal output voltage. Hence the
reduction of THD is made further with the increasing in output levels of the symmetric multilevel inverter.

FIFTEEN LEVEL INVERTER

In general, the symmetric topology of inverters cannot synthesize as many voltage levels when compared to asymmetric
topologies. But the modularity, easy realization, reduced cost and simple control scheme of symmetric topologies makes
it more reliable. The inverter presented here will be equipped with all the advantages of the symmetric topology and also
existing eleven level symmetric inverter is extended to fifteen levels. The circuit diagram of the proposed fifteen-level
symmetric inverter is shown in the figure 8. The circuit of suggested multilevel inverter consists of modified H-bridge
with switches Hy, M, H, its complementary switches H,’, M’, Hy’, the basic unit in the middle with switches S, S, , S3 ,
S, and its complementary switches S;’, S,’, S3°, S4°. All these switches are used to bypass the DC voltage sources Vg as
shown in the circuit diagram.
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Fig 8. Circuit Diagram Of The Fifteen Level Inverter Fig 9. Simulink Model Of fifteen level inverter.

The switching pattern of the fifteen level inverter is mentioned in the following table. The switches are turned on and off
based on this switching table. The Simulink model of the fifteen level symmetric multilevel inverter is shown in figure 9.
The input DC voltage source V=7 Volt. Seven DC voltage sources are used and are of same magnitude 7 volt, since
this is symmetric topology. The pulses are generated at the fundamental frequency of 50 Hz for all the switches.

TABLE Il
Switching States of fifteen level inverter

Voltage/

Switches |Hu |[S1 |[S2 |S3 |S4 | M H1
7Vdc 1 1 0 1 0 0 1
6Vdc 1 0 0 1 1 0 1
5Vdc 1 1 0 0 0 0 1
4Vdc 1 1 1 1 1 0 1
3Vvdc 0 1 1 1 1 1 1
2Vdc 0 0 0 0 0 1 1

Vdc 0 - - - 0 1
0Vdc 0 - - - - 0 0
-Vvdc 1 - - - - 1 0
-2Vdc 1 0 0 0 0 0 0
-3Vvdc 1 1 1 1 1 0 0
-4Vdc 0 1 1 1 1 1 0
-5Vvdc 0 1 0 0 0 1 0
-6Vdc 0 1 0 1 1 1 0
-7Vdc 0 1 0 1 0 1 0
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The output of the fifteen level symmetric inverter is observed under three categories. They are output voltage, output
current and the Total Harmonic Distortion.
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Fig 10. Simulated Output Voltage Of Fifteen Level Symmetric Inverter
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Fig 11. Simulated Output Current Of Fifteen Level Symmetric Inverter
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Fig 12.Total Harmonic Distortion of Symmetric Fifteen-Level Inverter

The above figure 12 represents the Total Harmonic Distortion of the fifteen-level symmetric inverter. The THD level
obtained is 5.54% which is considerably low than the eleven level symmetric inverter and can increase the quality of
sinusoidal output voltage.

IV.COMPARISON WITH CONVENTIONAL CHB

The simulation results of the eleven and fifteen level symmetric inverter is compared with the conventional cascaded H-
bridge inverter in terms of number of switches and total harmonic distortion.

TABLE IV
Comparison table of THD content in suggested fifteen level inverter with conventional CHB
Levels conve-lr;lt_i'(l)Dmi;\rI] CHB THDianZLrjt%greSted
Eleven level 11.50[10] 7.60
Fifteen level 10.15[11] 5.54
TABLE V
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Comparison table of number of switches in suggested fifteen level inverter with conventional CHB

Nurmber of Sitehes i
Levels switches in suggested
conventional CHB inverter
In+ 12
General form 4n —3
Eleven level 20 10
Fifteen level 28 14
V.CONCLUSION

A modified symmetric fifteen level multilevel inverter has been developed and simulated using MATLAB. The proposed
symmetric fifteen level multilevel inverter is found to have less number of devices required in application point of view
considering its reduction in cost, installation space and circuit difficulties. The proposed topology uses simple
modulation method for getting the high quality of output voltage. This makes the control method simple and the
suggested symmetric voltage source inverter can be realised easily with the simple control scheme itself. The THD of
existing symmetric eleven level multilevel inverter is 7.60%. The THD of proposed symmetric fifteen level multilevel
inverter is 5.54%. On comparing the THD of the existing system with that of proposed system the THD of later is low.
The future work focuses on implementing the symmetric multilevel inverter with increase in the number of levels
produced from minimum number of switching devices in an experimental prototype.

REFERENCES

[1] Abhishek Kumar and Praveen Bansal (2015), ,,A Novel Symmetrical Multilevel Inverter Topology with Reduced  Switching Devices
Using Different PWM Techniques® IEEE Transactions, Industrial Electronics 978-1-4799-7678-2,n0.15.

[2] Ali Ajami, Mohammad Reza and Khosroshahi M.T (2014), “Cascade-multi-cell multilevel converter with reduced number of switches”,
IET Power Electronics, Vol. 7, Iss. 3, pp. 552-558.

[3] Babaei E, Alilu S, and Laali S (2014). “A new general topology for cascaded multilevel inverters with reduced number of components
based on developed H-bridge,” IEEE Trans. Ind. Electron., vol. 61, no. 8, pp. 3932-3939.

[4] Babaei E, Ebrahimi J and Gharehpetian G. B (2012). ,,A new multilevel converter topology with reduced number of power electronic
components,” IEEE Trans. Ind. Electron., vol. 59, no. 2, pp. 655-667.

[5] Babaei E and Hosseini S.H(2010), ,,New cascaded multilevel inverter topology with minimum number of switches,” Energy Convers.
Manage., vol. 50,no. 11, pp. 2761-2767, Nov. sources”, IEEE Trans. Industrial Electronics, vol. 57, no. 8, pp. 2643-2650.

[6] Babaei E, Hosseini S. H. Gharehpetian G. B., Haque M. T., and Sabahi M (2007). “Reduction of dc voltage sources and switches in
asymmetrical multilevel converters using a novel topology,” Elsevier J. Electr. Power Syst. Res., vol. 77, no. 8, pp. 1073-1085.

[7] Banaei M R and Salary E(2011), ,,Verification of new family for cascade multilevel inverter switch reduction of components,” J. Elect.
Eng. Technology,vol. 6, no. 2, pp. 245-254.

[8] Banaei M R and Oskuee M.R.J(2013),“Series H-bridge withstacked multicell inverter to quadruplicate voltage levels”, IET Power
Electronics, Vol. 6, Iss. 5, pp. 878-884.

[9] Banaei M R, Kazemi F.M and Oskuee M.R.J (2013), ,,New mixture of hybrid stacked multicell with half-cascaded converter to increase

voltage level,” IET Power Electron., vol. 6, no. 7, pp. 1406-1414.

[1 0] Bhaskar.K.B, T.S.Sivakumaran and Devi M (2014),” Implementation of 11 Level Cascaded Multilevel Inverter Using Level Shifting Pulse
Width Modulation Technique With Different Loads”, IPASJ International Journal of Electrical Engineering (IJEE), Volume 2, Issue 10.

[l l] Chidam Meenakchi Devi E, Mohamed Yousuf S and Sumesh Kumar S (2014), A Fifteen Level Cascade H-Bridge Multilevel Inverter Fed
Induction Motor Drive with Open End Stator Winding International Journal of Innovative Research in Science, Engineering and
Technology Volume 3, Special Issue 1.

[ 1 2] Deepak E.S, Anil C.S, Sanjay S, Febi C and Sajina K.R (2011)“A novel multilevel inverter topology based on multi-winding multi-tapped
transformers for improved wave shape requirements,” Power Electronics (IICPE), 2010 India International Conference on , vol., no., pp.1,5,
28- 30.

[ 1 3] Dhivya Balakrishnan and Indiradevi K (2014) presented ,,Modified multilevel inverter topology with reduced switch count and a novel pwm
control scheme™ International Conference on Computer Communication and Informatics (ICCCI -2014).

[14] Farhadi Kangarlu M, and Ebrahim Babaei, (2013)"Cross-switched multilevel inverter: an innovative Topology,” IET Power Electronics, vol.
6,No. 4, pp. 642-65.

[ 1 5] Umar farook S and.Saravanan T (2015),“Optimal topologies for cascaded source multilevel dc link inverter, IEEE Sponsored 2nd
International Conference on Innovations in Information Embedded and Communication Systems ICIIECS'15

Copyright to IJAREEIE WwWw.ijareeie.com 275


http://www.ijareeie.com/

