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Abstract—In this paper, a new asymmetric topology based on cascaded H-bridge has been proposed which can
generate a output voltage of 19 level using a very less component. The proposed basic unit is asymmetric in
nature. It can produce the given levels by using only 12 unidirectional power switches and 3 dc sources of
magnitude V, 3V, 0.5V. It is capable of generating both integral and fractional output levels .The basic unit is
connected symmetrically in a cascade manner. Proposed topology is compared with other MLI topologies that
have been recently developed in terms of number of switches, gate driver circuits, diodes and dc link. It is
observed that this topology uses less number of components at a given level among in comparison to other
topologies. Simulation of the proposed basic unit is done in MATLAB/SIMULINK. The circuit is verified for
different load conditions such as R-L, L and sudden load change conditions. Total Harmonic Distortion of both
output current and output voltage is also determined. This topology is found to generate output levels with very
low Total Harmonic Distortion.
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I.  Introduction

Nowadays, the application of multilevel inverter (MLI) increases significantly in different fields such
as motor drive applications, renewable energy conversion systems, electric vehicle, UPS system etc due to its
inherent features [1]-[4]. MLI generates staircase output voltage waveform from capacitive sources or multiple
dc sources. Due to the staircase nature of the output waveform, the quality of output waveform improves and
follows the near sinusoidal nature. As compared to classic two level inverters MLI has a number of benefits
such as it gives improved output voltage waveform, Lower stress voltage across switch, More power handling
capacity, Lower electromagnetic interference, Lower output filter size.

The classic multilevel inverter topologies are cascaded H-bridge (CHB), Diode clamped, Flying
capacitor (FC). The basic version of CHB MLI come in the year of 1975 [9]. After that in 1981, the diode
clamped MLI came into existence [5]-[6]. After one decade 1991, the flying capacitor MLI has been introduced
[7]-[8]. In diode clamped MLLI, the input voltage is split into multiple lower voltage level by capacitor bus. The
different switch voltages are clamped through the diode. This inverter is very popular in industrial application
due to its simple structure but above three level of output voltage, the structure requires large number of
clamping diodes. Further the capacitor voltage balancing is becomes very complex as the level of inverter
increase. Flying capacitor is more flexible in nature compared to DCM MLI unlike DCM, FC clamped the
switch voltages by flying capacitor. This structures requires large number of flying capacitor as the output
voltage level increase more than three. CHB generates multilevel output voltage waveform by adding or
subtracting different dc voltage sources. This topology does not require any clamping diodes or flying
capacitors. The topology is modular in nature and simple in structure but the topology requires a large number
of isolated dc sources as the output voltage level increase.

To mitigate the different limitations of classical multilevel inverter topologies, the researchers are
introducing different new structures of MLI in recent years. The topological improvement of classical MLIs are
becomes an interesting and hot research area in the field of power electronics.

In paper [10], a new arrangement of cascaded MLI has been presented. The main advantage of this
topology is that it uses only unidirectional switches to generate a particular level. Therefore, it uses of less
quantity of components like IGBTs and driver circuits. The downside of this topology is that the stress voltage
across switches is more. In paper [11] another new arrangements of cascaded MLI has been employed. The
limitations of this topology is that only symmetric source configuration can be employed. So, to generate higher
number of levels it requires more number of dc links. In paper [12] an asymmetric type ML is presented which
uses ten unidirectional switches to only generate nine output voltage level. So, for given voltage level this
topology has high device count. This topology also incurs high switching losses. As this topology possess high
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THD the cost requirements of filters is high. In paper [13], multiple number of sub-multilevel units are
connected to provide a novel cascaded MLI. This topology encounters the same disadvantage of increased
device count with increasing number of levels. Paper [14] presents a novel sub-module MLI to which trinary
source configuration is implemented in order to generate 17 output voltage levels. However, to generate the
voltage the output levels it uses four dc sources along with unidirectional and bidirectional switches. Hence the
number of components increases with increase in number of levels.

A novel asymmetric MLI topology is introduced which uses unidirectional switches to generate output
voltage levels. The sole objective of this topology is to reduce the component count as the number of level
increments. Section | comprises of the literature survey of the MLI topologies that have been recently
developed. Section Il introduces the basic unit of the proposed topology. In Section Ill, cascade connection of
the proposed basic unit is presented. Comparison study is performed in Section 1V followed by simulation study
in Section V. Section VI contains the conclusion.

I1. Basic Unit of Proposed Topology
Gyt

o l/

£‘

Fig. 1. Basic unit of 19 level inverter topology

Fig. 1 presents the basic unit of the proposed topology. It consists of 12 unidirectional switches i.e. Qj,
Q2, Q3, Q4, Qs, Qe, Q7, Qg, Ty, Ty, T3, T4. The basic unit makes use of dc sources of three different varieties i.e.
0.5V, 1V, 3V4.. Among the switches (Qi, Q2), (Qs, Q4), (Qs, Qg), (T1, T,) and (T3, T4) are complimentary
pairs and thus do not turn ON/OFF simultaneously. The basic unit has the capability to produce 19 output
voltage levels. The hallmark of the proposed basic unit is that it has the ability to produce fractional voltage
levels. Switches T, and Ts helps in generating positive voltage levels whereas T, and T, are utilized to produce
negative output voltage levels. The zero level can be generated either by turning ON T, and T, or Tz and T,.

Table | presents the overall idea about the different voltage levels that can be generated and the
corresponding switches that are operated. The switches which are turned ON are indicated by '1' whereas '0'
indicates that the respective switch is turned OFF while generating a particular output voltage level. In order to
generate a particular output voltage level minimum of five switches are operated in the basic unit. In Fig 2(a)
shows the current flow path in the basic unit while producing an output voltage of 0.5V. Whereas red line
represents the direction for flow of current. Fig 2(b) shows the current path corresponding to 2V where six
switches (Qz, Qs, Q7, Qs, T1, T4) are switched ON. Similarly Fig 2(c), 2(d), 2(e), 2(f), 2(g) and 2(h) depict the
current flow path corresponding to the output voltages 2.5V, 4.5V, -0.5V, -2V, -2.5V and 4.5V respectively.

TABLE I. SWITCHING TABLE

Output | Q1 | Q2 | Qs [ Qs [ Qs | Qs |Q |Q | Ty | T
Voltage T, | Ts
levels

+45Vy | 1 0 0 1 0 1 1 0 0 1
+4V g, 1 0 0 1 0 0 1 1 0 1
+35Ve | O 1 0 1 0 1 1 0 0 1
+3Vye 0 1 0 1 0 0 1 1 (0] 1
+25V4 | O 1 1 0 0 1 1 0 0 1
+2V e 0 1 1 0 0 0 1 1 0 1
+15Vq | 1 0 0 0 1 1 0 0 0 1
+1Vye 1 0 0 0 1 0 0 1 0 1
+0.5Vg | O 1 0 0 1 1 0 0 0 1
0V 0 0 0 0 0 0 0 0 0 1
-0.5Vq 0 1 0 0 1 1 0 0 1 0
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-1V 1 0 0 0 1 0 0 1 1 0
-15Ve |1 0 0 0 1 1 0 0 1 0
-2V e 0 1 1 0 0 0 1 1 1 0
-25V4 | 0 1 1 0 0 1 1 0 1 0
-3Vie 0 1 0 1 0 0 1 1 1 0
-3.5Ve |1 0 0 1 0 0 1 1 1 0
-4V g, 1 0 0 1 0 0 1 1 1 0
45Vy |1 0 0 1 0 1 1 0 1 0
Switchi

ng 6 8 4 2 4 16 3 14 1 1
transiti

ons in

each

cycle

I11. Proposed Cascaded MLI Topology
This section discusses the proposed MLI structure. The proposed topology consists of m segments of
proposed basic unit connected in cascade configuration. The output voltage level of the proposed topology can
be expressed as follows.
Vo (1) =Vou(t) + Voo (t) ++ -+ Vo (1) (€
where V,,(t), Vy,() ........ V,. () are the output voltage of segment I, segment II........ , segment m

respectively. In order to facilitate high output voltage levels along with less voltage stress across the switches.
The segments are cascaded in a symmetric manner. The advantages of this topology is it's modular structure and
the sense of reliability. If overload condition or any fault condition damages any segment, then also the
proposed topology is capable of producing output with reduced voltage levels. Fig.3 represents the diagram for
cascaded structure for proposed topology.
If m equals to the number of segments taken into consideration it can be then it can be represented in terms of
number of levels (N.) as follows:
moN-1 2

18

Table Il provides the number of switches, number of drivers, number of dc links and TSV of the proposed
topology expressed in terms of m and N,.

_‘7_."| J | . " ]
() ®) () (h)
Fig.2.  Current path for generating (a)0.5V ¢ (b)2Vgc (€)2.5V . (d)4.5V ¢ (€)-0.5Vc (F)-2Vc (9)-2.5V ¢ (f)-
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4.5V
TABLE II. TABLE STYLES
Table Based on number of | Based on number of
Head module units desired levels
Switches 12m %(NL -1
Driver 12m E(N 1)
circuits 3 b
DC Links 3m %(NL -1
TSV 28m 17940\1L -1)
1
Vmax 4.5m Vg, Z(NL -1) Ve

IV. Comparison Study
Comparison study has been performed in this section with the MLI topologies mentioned in [10-14].
The basic unit of the proposed topology is examined thoroughly and is compared with the above-mentioned
topologies in terms of number of switches(Ngyitcn), dc links(Nge jink), driver circuits(Ngriver) and TSV. Fig. 4(a)
shows graphical representation of comparison between number of switches among different topologies and
proposed topology for a given range of voltage levels. It can be observed that the proposed topology utilizes
least number

. 1 it

. il“ [ E m" unit
(0
i o0
.[n
;s -
| S

Fig.3 Cascade connection of proposed topology

of switches to generate a particular level. From fig. 4(b) provides the comparison of the topologies in terms of
dc links and it can be seen that the proposed topology requires least number of dc links among other topologies.
Fig. 4(c) represents the comparison of number of driver circuits utilized by certain topology for generating
specified number of voltage levels. Similarly fig. 4(d) represents the comparison of number of diodes utilized by
the circuit for particular output voltage level and it can be seen that the proposed topology requires least number
of diodes.
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V. Simulation Study

In this section, the basic unit of the proposed topology is analyzed and simulated in
MATLAB/SIMULINK. Different load conditions are taken into consideration to check the efficacy of the
circuit. Fig.5 represents gate pulses that is applies across each switches for given cycle. Fig. 6 shows the
simulation waveform of the basic unit capable of generating 19 levels. Fig. 6(a) represents the output voltage
waveform under R-L load condition where resistance and inductance is considered to be 100Q and 25mH
respectively. Fig 6(b) represents the output current waveform under the R-L load condition. The value of
maximum current is found to be 2.3 A. In fig 6(c) and 6(d) the FFT analysis of the output voltage and output
current are shown respectively. The THD for output voltage is 4.33% and that of output current is 1.60%. Fig
6(e) represents the output voltage and current waveform under L load condition where L=125mH. It can be
observed that the current waveform is sinusoidal and it lags the output voltage by a margin of 90 degrees. Fig
6(f) represents the output voltage and current waveform under sudden load change condition. In this case the
load is suddenly changed in between 100Q and 50Q and the variation in the output voltage and current
waveform is noted. Firstly, the load was considered to be at 100Q2. When the load is suddenly changed to 509,
the output current increases. On the other hand, when the load is changed from 50Q to 100Q a drop is the load
current is noticed. It is to be noted that the sudden change in load does not affect the output voltage waveform.
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6(d) FFT analysis of the output current
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6(e)output voltage and current waveform under L load
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6(f) output voltage and current waveform under sudden load

VI. Conclusion

A Novel MLI topology is proposed. The topology is capable of generating 19 levels and it can produce
both integral and fractional output voltage levels. Cascade connection of the proposed basic unit is presented
and the mathematical expressions regarding the number of switches, driver circuits and dc links it employs for
generating a particular voltage level is also mentioned. A thorough comparison study is performed with other
topologies and it is found out that the proposed topology satisfies it’s sole objective of reducing the device count
by using least number of components in comparison to other topologies. Simulation studies shows the output
voltage and current waveform under R-L, L and sudden load change condition. The THD for output voltage and
output current under R-L load condition was found to be 4.33% and 1.60% respectively. Since this topology

utilizes three different varieties of sources, this topology can be applicable in renewable energy conversion
systems.

References
K. Sivakumar, A. Das, R. Ramchand, C. Patel and K. Gopakumar, "A Five-Level Inverter Scheme for a Four-Pole Induction Motor

Drive by Feeding the Identical VVoltage-Profile Windings From Both Sides," in IEEE Transactions on Industrial Electronics, vol. 57,
no. 8, pp. 2776-2784, Aug. 2010.

1].

www.ijesi.org 72 | Page



Simulation of A H Bridge Multilevel Inverter and its comparison with conventional ...

[21.
[3].
[4].

[5].

[6].
7.
[8l.
[9].

[10].
[11].
[12].
[13].
[14].

[15].

r-—----

C. Cecati, F. Ciancetta and P. Siano, "A Multilevel Inverter for Photovoltaic Systems With Fuzzy Logic Control," in IEEE
Transactions on Industrial Electronics, vol. 57, no. 12, pp. 4115-4125, Dec. 2010.

J. I. Leon et al., "Multidimensional Modulation Technique for Cascaded Multilevel Converters," in IEEE Transactions on Industrial
Electronics, vol. 58, no. 2, pp. 412-420, Feb. 2011.

C. Buccella, C. Cecati, M. G. Cimoroni and K. Razi, "Analytical Method for Pattern Generation in Five-Level Cascaded H-Bridge
Inverter Using Selective Harmonic Elimination,” in IEEE Transactions on Industrial Electronics, vol. 61, no. 11, pp. 5811-5819,
Nov. 2014.

P. Roshankumar, P. P. Rajeevan, K. Mathew, K. Gopakumar, J. I. Leon and L. G. Franquelo, "A Five-Level Inverter Topology with
Single-DC Supply by Cascading a Flying Capacitor Inverter and an H-Bridge," in IEEE Transactions on Power Electronics, vol. 27,
no. 8, pp. 3505-3512, Aug. 2012.

A. Nabae, |. Takahashi and H. Akagi, "A New Neutral-Point-Clamped PWM Inverter," in IEEE Transactions on Industry
Applications, vol. 1A-17, no. 5, pp. 518-523, Sept. 1981.

T. A. Meynard et al., "Multicell converters: derived topologies,” in IEEE Transactions on Industrial Electronics, vol. 49, no. 5, pp.
978-987, Oct 2002.

M. Khazraei, H. Sepahvand, K. A. Corzine and M. Ferdowsi, "Active Capacitor Voltage Balancing in Single-Phase Flying-
Capacitor Multilevel Power Converters," in IEEE Transactions on Industrial Electronics, vol. 59, no. 2, pp. 769-778, Feb. 2012.

. Ahmed and V. B. Borghate, "Simplified space vector modulation technique for seven-level cascaded H-bridge inverter,” in IET
Power Electronics, vol. 7, no. 3, pp. 604-613, March 2014.

E. Babaei, S. Laali and S. Alilu, "Cascaded Multilevel Inverter With Series Connection of Novel H-Bridge Basic Units," in IEEE
Transactions on Industrial Electronics, vol. 61, no. 12, pp. 6664-6671, Dec. 2014.

R. Shalchi Alishah, D. Nazarpour, S. H. Hosseini and M. Sabahi, "Reduction of Power Electronic Elements in Multilevel
Converters Using a New Cascade Structure," in IEEE Transactions on Industrial Electronics, vol. 62, no. 1, pp. 256-269, Jan. 2015.
J. Ebrahimi, E. Babaei and G. B. Gharehpetian, "A New Multilevel Converter Topology With Reduced Number of Power
Electronic Components," in IEEE Transactions on Industrial Electronics, vol. 59, no. 2, pp. 655-667, Feb. 2012.

E. Babaei and S. H. Hosseini, "New multilevel converter topology with minimum number of gate driver circuits,” 2008
International Symposium on Power Electronics, Electrical Drives, Automation and Motion, Ischia, 2008, pp. 792-797.

Y. S. Lai and F. S. Shyu, "Topology for hybrid multilevel inverter,” in IEE Proceedings - Electric Power Applications, vol. 149, no.
6, pp. 449-458, Nov 2002.

E. Samadaei, S. A. Gholamian, A. Sheikholeslami and J. Adabi, "An Envelope Type (E-Type) Module: Asymmetric Multilevel
Inverters With Reduced Components," in IEEE Transactions on Industrial Electronics, vol. 63, no. 11, pp. 7148-7156, Nov. 2016.

Rojalin Bhutia " Simulation of A H Bridge Multilevel Inverter and its comparison with
conventional H bridge Multilevel Inverter" International Journal of Engineering Science
Invention (LIFSN. VVol. 04. No. 11. 2015. PP 66-73.

www.ijesi.org 73 | Page



