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Abstract: The main objective of this paper isto propose a
new single phase asymmetrical type seven level inverter
with  minimum number of DC voltage sources and
switches. The proposed multilevel inverter consists of two
parts namely, level creator part which generate positive
levels of outputs and polarity changing part which helps
to change the polarity of the output voltage. The proposed
inverter consist of two DC voltage sources, three main
switches and four switches of H-bridge inverter to
generate seven level output. Different methods used to
calculate the switching angles are presented and the
results are compared. The simulation is performed using
MATLAB/SIMULINK  software to verify the function of
the proposed inverter.
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1. Introduction

In 1975, theconcept of multilevel inverters
introduced which began withbasic three-level
converter topology [1] The multilevel inverte
synthesize the staircase output voltage from
several independe®@C voltage sources. It enab
the use of renewable energy resources as inT
advantage of multilevel inverter includeslow
distortion, robustnessigh power quality, low dv/c
stress, minimum  switching los, better
electromagnetic interferene@ad ease of contr(2].
The conventional topologies of multilevel invert
are diodeclamped, flying capacitor and cascade-
bridge inverters[2-p The multilevel inverter can t
symmetric or asymmetridf all the voltage source
are of same agnitude, then it is called as symme
inverter. On other hand, if the voltage sourcesel
different magnitude, then it is known as asymme
inverter. The major drawback of the multilev
inverter is it requires greater number of po
electronic swithes and associated gate driver cir
to achieve higher output levels.

To overcome these drawbackmanyresearchers
has focused on developing new topologies
multilevel inverters, novel pulseidth modulatior
(PWM) techniques and improved contrcchniques
to improve the performanc&he major drawback ¢
this inverter topology is it have different struet
for even and odd number of DC voltage sour
Rodriguez et al presented the control
modulation methods for dioddamped invertel
capacitorelamped inverter, and cascaded multi

inverter with separate D€ource [7]. Sirisukprasert
S. et al [8 proposed a modulation technique
multilevel voltage source converters suitable
highvoltage power supplies and flexible
transmissiorsystem device The switching devices
of the main pwer stage switch only once fcycle
for all modulation indexBabaei E et. al. proposed
the asymmetric multilevel invertein Ref. [9]. This
inverter have the capabilitp bypass or conduct tl
DC voltage sources separately to generate
desired voltage level# single anddouble source
sub-multilevel inverterhas been proposed in R
[10]. A single phasesymmetrice type seven level
inverter is proposed in 11]. But this inverter
topology uses sixswitches and three DC volta
sources to produce seven level output vol
Another multilevel inverte topology for inductor
motor drive applicationsias been proposed in R
[12]. This inverter topology uses 9 switches an
voltage sources to generaven level output durir
symmetrical mode of operatic Ghana Prakash et.
al. proposed amultilevel inverter with reduce
number of switchesn Ref. [13. The proposed
method is suitable for high power application ar
it built with three BC sources and six switche

This paper proposes a new multilevel inve
with reduction in number of power electrol
switches and DC sourceJhe proposed invert
produces sevelevel output voltage with minimui
THD using seven switches and two DC rces.
Section2 describes the modes of operation of
proposed inverter. The different methods
calculating the switching angles are presente
section-3.The simulation results ardiscussed in
Section-4The conclusion are presented in sec5.

2. Proposed Multilevel Inverter
The proposed multilevehverter is shown in Fii 1.
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Fig. 1. Proposedopology ofMultilevel Inverter



The proposed inverter consists of tparts: (1)
level creator parand (2) polarity changinpart. The
level creator unit consist of RC voltage source
and 3 mairswitches. This level creatpart helps to
produce unidirectional output voltage with vario
voltage levels as 0, vand 2\,.. The magnitude c
each DC voltage sources are diffe and hence it is
known as an "Asymmetric invert. The
conventional H-bridge inverteacts as a polarit
changing part which helps to convert tt
unidirectional output voltage of the level creepart
into bidirectional output voltag&Vhen the switche
T, and T, are ON, positive levels of voltages
obtained. Similarly, negativeeVels of voltages ai
obtained when the switcheg andT,are ON.

The different modes of operation of the propc
multilevel inverter arshown in Figc 2.
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Fig. 2. Modes of operation

In mode-1, the switches,, ST, and T, are ON and
hence the voltage ,Vis obtained across the log
During mode2, the switches;, T; and T, are ON
and the voltage Yis obtained. The switches;, T;
and T, are ON during the mo+-3 operation and the
voltage V| + V,is obtained. The mo-1, 2 and 3 are
positive modes of operation where the volte
obtained are positive. The me-4, 5 and 6 are
negative modes of operation since the obta
voltages are negativin mode-4, the switches $5T;
and T, are ON and hence the volts-V; is obtained
across the load. During mc-5, the switches ;ST
and T, are ON and the voltac-V, is obtained. The

switches & T; and T, are ON during the mo-6
operation and the voltag@/ + V,) is obtained.

The switching statesf the proposed multilev
inverter is given in Table 1.

~

Table 1
Switching states
’\?6 S |S | ST | To|Ts| Ty Voltage
1o o 2| 1] 1/0]| 0] WVi+Vo=3Vg
21| o0| o] 1] 1{0] 0 Vo= 2Ve
30| 1| o] 1] 1{0] 0 Vi= Ve
4 X X X 1 0|1 0 0
5 (/0|0 1] o] of1]1 V4= Vg,
6 1] 0| o] o] of1]1 Vo= -2Vee
710 2| o] ol of 1| 1| -(Va+Va)=-3Vee




The comparison of the output voltage levels v
the number of DC voltage sources and the numb

switches for different topologi of multilevel
inverter are given in Table 2.
Table 2
Comparison of different Multilevel Inverte
Number | Number
Number
Inverter of DC of of level
Sour ces | Switches
Diode Clamped
) 6 12 7
inverter
Flylr?g Capacitorn 5 12 .
inverter
Cascaded H-
S 3 12 7
bridge inverter
Ref. [1] 2 5 5
Ref. [11] 3 6 7
Ref. [12] 3 9 7
Ref. [13] 3 6 7
Proposed invertgr 2 7 7

From the above table, it is clear that the prop:
multilevel inverter uses minimum number
switches and DC voltage sources to achiseven
level output voltage.

3. Switching Angle Calculation

Switching angles hasn important role in th
reduction oftotal harmonic distortion (THD There
are 2(n1) switching angles has to be determ for

2. For periodu/2 ton
=0m+1y2 - o Oy = (@0, . ., @@-01).
3. For periodr to 3t/2

=0n, . . 031y = (m+6,).. . --(7f+9(n»1)/2)-
4. For period /2 to 2t

=0@n-1y2 - - 021 = (21- Onayr) - + -, (20-04).

The switching angles oi-level inverter is shown
in Fig. 3. The different methods of calculati
switching angles are given belc
Method - 1

; = jﬁwhere,j = l2,...,(n—_1

n 2
Method - 2
; = jﬁwhere,j =12,..., n-i
n+1 2

Method - 3

gj :lsin_l[ﬁj wherej =12,..., n__lJ
2 n-1 2
Method - 4
6; = sin‘l(zj—_lj where j = lZ(n—_lj
n-1 2

For the proposed multilevel inverter, there
three main switching angles and are determ
using the above mentioned methods are give
Table 3.

Table 3
Switching Angles

'n' level inverter[14] The switching angle M ain Switching Angles (in d
corresponding to the period 0 162 are called as Angle ain Switching Angles (in degree)
main sw@chmg .angles. An 'n' level |.nverter ha- Method- 1 | Method- 2 | Method- 3 | Method- 4
1)/2 main switching angles. It is enough
determine the (n-1)/2nain switching angles and t 0, |25.7143 225 4.797 9.5941
other switching angles are obtained from the r
switching anglesising the following relions [14]: 6, (514286 | 45 15 30
1. For period 0 ta/2 0; |77.1429 | 675 28.2213 | 56.4427
=01,02 ... .00
Voltage
Level §
(n-1)/2 1
r-I I | I
!
2 _r- [ 1 & a
[ 3(n-1 301
Uy, - -t
5
-1 51 g(ﬂ-ljrh 6{14—12 d | :3’?”2: ['J_I 7
-2 : ! by I I I ==
b=
L
-(n-1)/2 1_4_[

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



The switching pulses generated using the
different methods are shown in Fig. 4.
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Fig. 4.Gate pulses generated using (a) Method - 1 (b)
Method - 2 (c) Method - 3 and (d) Method - 4

4, Simulation Results

The simulation results are presented in this
section. The different voltage sources have values
Vi = Vg =10V and b = 2V4 =20V. The
maximum output voltage obtained is 30V (i.e.
V+V,). The output voltage of the proposed seven
level inverter for different methods are shown in
Fig. 5. The output voltage has 7 levels (i.e., 3

positive, 3 negative and 1 zero).

(b)

©

(d)
Fig. 5.0utput Voltage (a) Method - 1 (b) Method - 2
(c) Method -3 and (d) Method - 4.

The FFT analysis of the output voltage of the
proposed seven level inverter for different
methods are shown in Fig. 6. The result shows
that the method - 4 gives the output voltage
similar to the sinusoidal output with minimum
THD of 12.17% corresponding to the
fundamental output voltage of 30.64 V.
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Fig. 6.FFT Analysis (a) Method 1 (b) Method - 2 (c)
Method - 3 and (d) Method - 4

Table 4 shows the comparison of the Tkof
the output voltage waveformand fundament:
output voltagebtained using differermethods.

o

Table 4
Comparison of THDand Fundamental outp
voltage

Fundamental
Method THD (%) output Voltage
V)
Method - 1 31.23 22.24
Method - 2 25.40 25.67
Method - 3 22.22 36.2
Method - 4 12.17 30.64

L
0 2 4 6 8 10 12 14 16 18 20

The above table shows that the propcseven
level inverter achieves minimum THand higher
output level with minimum number cvoltage
sources and switches.

Table 5 shows the comparison of the THD
the output voltage wavefort with the available
references.

Table 5
Comparison of THD
THD Ref[2] Ref[3] Proposed
THD (%) 17.76 17.27 12.17

The above table shows that the propcseven
level inverter achieves minimum THDas
compared with the referent.

5. Hardwaresetup

This hardware setup of the propos seven
level inverter is shown in Fi 7.

Fig. 7. Proposed topology of Multilevel Inver

The gate pulses are generated u
PIC16F87XA. The operating frequency
PIC16F87XA is 20 MHz. The output of the
inverter isobserved using CR The experimental
results justify thesimulated response anthe
practical feasibility ofthe proposecseven level
invertertopology for use in the fiel

6. Conclusion

This paper proposed new topology of seven
level inverter with minimum number o
components The proposed inverter achie\
sevenlevel output voltage witt2 DC voltage
sources, 3nain switches and 4-bridge switches.
Each voltage sources have different volt
magnitudes. Thdéour methods of calculating tt
switching angles arpresente. A comparison of
the proposed inverter topology with other exis!
topologies is presented in this paper. °
performance of the proposed inverter is anal



using MATLAB software and the result exhibit

the good performance and feasibility of the
proposed inverter. The result shows that
maximum voltage obtained is 3Vdc =30 V and the
method - 4 achieves minimum THD of the output
voltage waveform.
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