A NEW MULTILEVEL INVERTER WITH MINIMUM NUMBER OF
SWITCHESAND REDUCTION IN THD

V. Thiyagarajah, P. Somasundargm
Assistant Professor, Department of EEE, SSN Coliégengineering, Kalavakkam, Tamilnadu, India.
Associate Professor, Department of EEE, CEG, AnmiadJsity, Chennai, Tamilnadu, India.
Email: thiyagarajanv@ssn.edu.in

Abstract: The main objective of this paper is to propose a
new single phase asymmetrical type multilevel inverter
with  minimum number of switches. The proposed
multilevel inverter consists of level creator unit which
generate only positive levels of outputs. The H-bridge
inverter is added to change the polarity of the output
voltage. The comparison between the proposed topology
with existing inverter topologies is presented. The
proposed inverter consist of six voltage sources, 11 main
switches and 4 H-bridge inverter switches. Different
algorithms are used to calculate the switching angles and
the results are compared with the reference. The
proposed inverter produces output voltage waveform with
minimum THD as compared with the reference. The
computer based simulation model is developed using
MATLAB/SIMULINK software to verify the function of
the proposed inverter.

Key words. Multilevel inverter, Switching angle,
Symmetric, Asymmetric, THD.

1. Introduction

amount of voltage and thereby reduces the stress on
the switching devices. However, it requires more
number of clamping diodes to achieve higher level
of output voltage and hence increases the cost and
size. The capacitor clamped multilevel invertersuse
capacitors instead of clamping diodes which costrol
both the real and reactive power flow. The large
number of clamping capacitors helps to ride through
short duration outages and deep voltage sags [3].
The major drawbacks includes need of large number
of storage capacitors, pre-charging of capacitors,
high switching losses, poor efficiency, more
expensive and bulky. The cascade H-bridge
multilevel inverter consists of full H-bridges with
independent DC voltage sources. Each full H-
bridges provide three different levels of voltatiks

zero, positive DC and negative DC voltages. The
main advantages include robustness and ease of
control. The number of output voltage levels
depends on the number of individual H-bridges and

The concept of multilevel inverters is introduceds given by 2k+1, where k is the number of H-

in 1975 [1]. The term 'multilevel' began with threebridges[4-6]. _ _ _
multilevesymmetric or asymmetric. In symmetric multilevel

level converter and then several

The multilevel inverter can be

topologies have been proposed over the last fd@verter, the values of all DC voltage sources are
decades. The basic concept of multilevel inveer @qual and has the advantage of high modularity.
to synthesize the staircase output voltage from tigowever, the values of DC voltage sources are
several low or medium DC voltage sources. Hifferent in asymmetrical inverter and hence ief®s
achieves high power ratings and enables the usenapdularity. _
renewable energy resources, capacitors or batteriesModern-day researchers focused on developing
as inputs. It has received major interest by thew topologies of multilevel inverters, novel pulse
researchers because of their inherent advantage#(gth modulation (PWM) techniques and improved
features such as low distortion, high power qualitgontrol techniques for various applications. This
low dv/dt stress, minimum switching losses an@aper proposes a new multilevel inverter with
better electromagnetic interference [2]. The majgeduction in number of power electronic switches.
drawback of the multilevel inverter is it requiresThe proposed inverter produces 33 level output
greater number of power electronic switches aripltage during asymmetrical mode with minimum
associated gate driver circuit to achieve highdrHD. The simulation results are presented in
output levels. Section-5.

The conventional topologies of multilevel o . .
inverters are diode-clamped, flying capacitor and Existing Multilevel Inverter Topologies _
cascaded H-bridge inverters[2-6]. In diode-clamped The asymmetric multilevel inverter proposed in
multilevel inverters, diodes are used as a clampirig] is shown in Fig.1(a). This inverter able to bgp
devices. The n-level diode-clamped multilevepr conduct the DC voltage sources separately to
inverters requires n-1 switching pairs and n-generate the desired voltage levels. The relation
capacitors for clamping DC voltage[2]. The switche§etween the number of levels 'n' and number of
are operate at low switching frequency. The maj#witches 'ns' used is given by n €22 1. Fig.
advantage is that the diode transfers very limitet{b) shows double source sub-multilevel inverter



proposed in [B This topology consists of lev
generator unit and polarity changing uiThe level
generating unit consists of single and double s
sub multilevel inverter and Hridge inverter acts ¢
a polarity changefThe drawback of this topology
it have separate structure for even and odd nu
of DC voltage sources.The relation between tt
number of levels 'n' and number of switches "nest
is given by n = 2(ns)-7.
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Fig. 1. Existing topologies of Multileve Inverter (a)
Ref.[7], (b) Ref. [8], (c) Ref. [Pand (d) Ref. 10].

The cascaded subultilevel cells based invert:
proposed in Ref.[9] is shown in Fig. 1(c). It oges
in both symmetric and asymmetric state. 1
topology needs minimum number oi-directional
switches and great number of IGBTs. This pt

presented for different algorithms to calculate t
magnitude of DC voltage sourceAnother topology
of multilevel inverter proposed in ReflQ] is
shown in Fig. 1 (d). The basic unit consists otd
DC voltage sources and five switches to achieve
level ouput voltage. The major drawback of t
topology is it is not able to generate. level of
voltage. To achieve this level, an additional
voltage source of amplitude dc and two
unidirectional power switches are connected
series with the basic units.

In this paper, the new topology of multile
inverter with reduced number of power switc
have been proposed. The proposed inverter acr
33 level output voltageluring asymmetrical moc
with 15 switches and 6 DC voltage sour

3. Proposed Multilevel Inverter
The proposedasymmetric type I-level inverter
topology is shown in Fig.
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Fig. 2. Proposedopology ofMultilevel Inverter

The proposed inverter consists of two units:
level creator unit and (2) polarity changing uiihe
level creator unitonsist of 6 DC voltage sourc
and 11 switches. This level creator unit prodt
unidirectional output voltage with various volte
levels as 0O, ¥, 2Vys... and 16\ The voltage
magnitude of each DC voltage sources are diffe
The polarity changig unit is simply a l-bridge
inverter which helps to convert the unidirectiol
output voltage of the level creator unit i
bidirectional output voltageWhen the switches;S
and S5 are ON, positive levels of voltages
obtained and when;Sand &4 are ON, negative
levels of voltages are obtaineHence, the proposed
multilevel inverter with level creator unit al
polarity changing unit can able to produce 33 I
of output voltage such a&6Vy, -15Vyg, - . -, - Mo
0, Vg - -, 15V and 16\i..The magnitude of DC
voltage sources are : % Vg, Vo= 4V, Vi=



10VgVa= TVeo Ve= 6V and b= 12V The Table2 _ _
switching states for the level creator unit of th&omparison of different Multilevel Inverters

proposed multilevel inverter during asymmetrical | | . Nouf”E‘)bCer N“'O“fber Number | ON state
mode are given in Table 1. When the switches S Sources | Switches | Of'€vel | switches
and S5 are ON, 16 levels of positive voltages are [14] 6 12 23 5
obtained with the above mentioned switching states.| 6 12 25 5
Similarly, when & and S, are ON, 16 levels of
negative voltages are obtained with the above el 6 1 il °
mentioned switching states. The zero level is also| _[17] 6 16 23 8
obtained for any of the following switching (18] 6 16 31 8
conditions: (1) $ and S, are OFF and (2);$and [19] 6 18 29 9
Sis are OFF. At any switching condition, maximum Proposed 5 15 3 s
3 switches of the level creator unit are ON. [_inverter

able 3

Therefore, the total number of conduction switche
for the proposed inverter topology is 5 i.e., threg
switches in the level creator part and 2 switclmes B
the polarity changing unit.

omparison of power components requirements for
3-level inverter

Table 1

Switching states

Inverter | Number|Maximum |Number Maximum | Voltage
of DC output of Voltage | rating of
sources | voltage [switches | rating of Half-

(IGBTs main bridge
Voltage | S| & | S S| Su and |switches | switches
drivers)
16Vee |0 O] 1 qg ¢ [14] 8 16Vye 15 14V, 16Vye
v | 1| 1] 1 d d Proposed | 6 16Vie 15 14Vie | 16Vie
14Vee |0 1] 1 4 d It is observed that, the presented inverter
v 1ol ol o 1 topology requires same number of switches to
o synthesize the 33- level output voltage as compared
12ve. ol o] o d d with [14]. In addition, the rating of these switshe
are also same. However, the topology presented in
Ve [1] 0] 12 d d [14] requires greater number of voltage sources to
synthesize 33-level output voltage as compared with
10Vee (O] O] 1 qa g the proposed inverter topology. From the above
table, it is clear that the proposed multilevelerier
Ve |01 110 9 9  uses minimum number of switches and DC voltage
sve |1l ol o d d  sources to achieve higher output voltage level. In
dc g . .
addition, it is also observed that the number of
Ve |0] 0] 0 d switches in the current conduction path for the
proposed inverter topology is very less as compared
6Va: |0 Of O qa g with other presented topologies. This helps to cedu
the switching losses and thereby increases the
Ve 11110 9 9 efficiency of the inverter.
4e (0| 1|0 q d o :
4. Switching Angle Calculation
3Vee [O] 1] 0O q 1
Switching angles plays an important role in the
PN 101110 b reduction of total harmonic distortion (THD). Fat '
Ve |1]l 0] 0 1 g level inverter, 2(n-1) switching angles has to be
determined [11]. The  switching angles
0 |ojojo ¢ corresponding to the period @ 90 are called as

main switching angles. An 'n' level inverter has (n

The comparison of the output voltage levels with th1)/2 main switching angles. It is enough to
number of DC voltage sources and the number gktermine the (n-1)/2 main switching angles aed th

switches for different multilevel inverter topolegi
are given in Table 2. The comparison of powe
components requirements for 33-level inverter
given in Table 3.

other switching angles are obtained from the main

i witching angles using the following relations [11,

2]



1. For period Dto 90
=01, 02 ....0012
2. For period 90to 180

Algorithm - 3

0_1|‘1(2k 1jk 1. (n 1)
2 n-1 2

:9(n+1)/2. . e(n_l). = (Tt-e(n_l)/g)’. . .,@T-el).
3. For period 180to 270
=0n, - . 0302 = [@H01) . . ., [@+0(n1y)- Algorithm - 4
4. For period 270to0 360 J ok —1 n-1
=0@n-1y2 - - 0201 = (21- 01y, - -, (21-0). 6 = sin”t k=12,..
n-1 2
Algorithm - 1
_ The switching angles of-level inverter is shown
180 n-1 L : .
6 =k——,k=12,...| — in Fig. 3.For the proposed multilevel inverter, th:
n 2 are 16 main switching angles and are determr
Algorithm - 2 using the different algorithms given bel [11].The
gorithm - 16 main switching angles for the propo:
6, = k1800 k=12 [N~1 multilevel inverter obtained using the abc
2 mentioned algorithms are given in Tabl4.
Voltage
Level 4
(n—1)/2 e
e IR
2f T T R
il Ty, i ot
:é 61 6(2_1?”2 6(:1—1 T I_I_'I___I 2371:'/22 '__[_J_I 2z
(n—1)2 -l

Fig. 3.0utput Voltage with switching angles of 'n' leveVérte

Table 4
Switching Angles

Switching Angles (in degree)
Angle| Algorithm | Algorithm | Algorithm | Algorithm
-1 -2 -3 -4

0, 5.4545 5.2941 0.895¢ 1.7908
0, 10.9091 10.5882| 2.689" 5.3794
03 16.3636 15.8824 | 4.494¢ 8.9893
04 21.8182 21.1765| 6.317¢ 12.6356
05 27.2727 26.4706 | 8.167¢ 16.3348
06 32.7273 31.7647 | 10.052t 20.1055
0, 38.1818 37.0588 | 11.984 23.9695
0 43.6364 42.3529 | 13.976t 27.9532
09 49.0909 47.6471 16.04¢ 32.09
010 54.5455 52.9412 | 18.211t 36.4236
011 60 58.2353 | 20.507: 41.0145
012 65.4545 63.5294 | 22.975 45.9514
013 70.9091 68.8235 | 25.687! 51.3752
014 76.3636 74.1176 | 28.769: 57.5383
015 81.8182 79.4118 | 32.496: 64.9922
016 87.2727 84.7059 | 37.819: 75.6385

The switching pulses generated using
different algorithms are shown in Fig.
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Fig. 4. Gate pulses generated usi@) Algorithm - 1 (b)
Algorithm- 2 (c) Algorithm3 and (d) Algorithr- 4

5. Simulation Results
The simulation results are presented in

section.The different voltage sources have vall
V=1V, V=4V, V=10V, V,=7V, V=6V, and
Vs=12V. Themaximum output voltage obtained
16V (i.e. Ws+Vs). The output voltageof the
proposed multilevel inverter for different algoritk
are shown in Fig. 5. The result shows that tl
algorithm -4 gives the output voltage similar to f
sinusoidal outputThe output voltage has 33 lew:
(i.e., 16 positive, 16 negative and 1 zeiThe FFT
analysis of the output voltage of the propo
multilevel inverter for different algorithms a
shown in Fig. 6. The result shows that algorit- 4
gives minimum THD of 2.50%.

(b)

©

©)
Fig. 5.0utput Voltage (aplgorithm - 1 (b) Algorithm -
2 (c) Algorithm 3 and (d)Algorithm - 4.

Fundamental (S0Hz) = 12.77 , THD= 14.86%
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Fig. 6.FFT Analysis (a)Algorithm - 1 (b) Algorithm - 2
(c) Algorithm - 3 andd) Algorithm - 4

Table 5 shows the comparison of the Ttof the
output voltage waveform obtained using differ
algorithms with Ref. [11] .
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