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Abstract: This paper proposes a new asymmetrical type
fifteen level inverter with minimum number of power
electronic switches to reduce THD. The proposed inverter
consist of three DC voltage sources, seven main switches
and four switches of H-bridge inverter to generate fifteen
level output. The proposed multilevel inverter is very
simple to construct and is suitable for medium voltage and
high power applications. Different methods of calculating
the switching angles are presented and the results are
compared. The performance of the proposed fifteen level
inverter is compared with other topologies. The simulation
is performed using MATLAB/SIMULINK software to
verify the function of the proposed inverter.

Key words: Multilevel inverter, Switching angle, Gate
pulse, Asymmetric, THD.

Modern-day research has focused on developing
new topologies of multilevel inverters with reduced
number of components and novel pulse-width
modulation (PWM) techniques. A selective harmonic
mitigation pulse-width modulation (SHM-PWM)
technique for the multilevel inverter is presented
[10]. In [11], the modified SHM-PWM technique is
proposed. It employs the use of variable DC-link
voltages. It will increases the range of modulation
indices, reduces the number of switching transgtion
and minimizes the harmonics. A cascaded H-bridge
multilevel inverter consisting of five level trastor
clamped H-bridge power units is presented in [12].
uses multicarrier phase-shifted PWM technique to
achieve balanced power distribution among the power

. units. A modified cascaded multilevel inverter is
1. Introduction

Inverters plavs an important role in modern OWerproposed in [13]. This inverter consists of active
plays an Imp C o np input rectifier and H-bridge inverter. This invarte
system. The various applications of inverters

includes variable frequency drives, active filteas: have the capability to control the input current an
conditionin uninter?u tibI)(/a ower supolies. high- output voltage during the motoring and regenerative

9, frup P PRIeS, MIN" mode of operation. A symmetrical single phase seven
voltage dc transmission system and flexible a

= ; IDI€ AQeyel inverter is proposed in [14]. It uses thredage
transmission systems [1-3]. The major classificatio ¢ ~os and six switches to generate seven level

of inverters includes: square wave inverters, quas'output voltage. In this paper, the carrier basedVPW
square wave inverters and multilevel inverters (MLI techniques are used to generate the switchingsulse

[3-4]. Among these, the multilevel inverters has an This paper proposes a modified asymmetrical

attractive solution in the medium voltage and highfifteen level inverter with reduced number of power

ﬁqouvl\{[ﬁév%?pilécvaeﬂ?grs i£15c]l'uggse I%'\?\/”'gg;"dqt gtlrjgggeglof/)v electronic switches. The proposed inverter produces
' fifteen level output voltage with minimum THD

distortion, high power quality, lesser common mocleusing seven main switches, four switches of H-l&idg

voltage, minimum switching losses, —minimum inverter and three DC Voltage sources. Section-2
electromagnetic interference, better control ane USjescribes the proposed fifteen level inverter dad i
of renewable energy resources [6]. The mUItIIeVeldifferent modes of operation. Section-3 explains th
inverter synthesize the staircase output voltagm fr ifferent methods of calculating the switching asgl
the several independent DC voltage sources. Th he simulation results are presented in Sectione} a
power electronic switches were controlled such that o oo rasult is shown in Section-5 The
it aggregate these multiple DC voltage levels 0. onclusions are presented in Section-6. '

achieve high output voltage. The rated voltagehef t ) :
power electronic switches depends on the rating of- Froposed Asymmetric Multilevel Inverter

the DC voltage. Therefore, the voltage stress on a The proposed "asymmetric" fifteen level inverter
power electronic switch is much lower than theis shown in Fig. 1. The magnitude of each DC valtag

operating voltage. The conventional topologies ofsources are different and hence the term
multilevel inverters includes diode-clamped, flying "asymmetric" is used. The proposed multilevel
capacitor and cascaded H-bridge inverters[6-9]. Thénverter consists of two sections, namely, level
multilevel inverter can be symmetric or asymmetric.creator section and polarity changing section. The
In a symmetric inverter, all voltage sources havemail level creator section consist of 3 DC voltage
same magnitude. However, in an asymmetricsources and 7 main switches. This level creatar par
inverter, each voltage sources have differenthelps to produce unidirectional output voltagehwit

magnitude. various voltage levels such as Q,\2Vyc, 3Vice, 4Vye,
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Fig. 1. Proposed topology dfultilevel Inverte

The conventional Hbridge inverte acts as a
polarity changing sectionThis sectiol helps to
convert the unidirectional output voltage il
bidirectional output voltageWhen the switchesg
and S, are ON, positive levels of voltages
obtained and when the switchesa®hd S; are ON,
the negative levels of voltages are obtail

(g) Mode- 7
Fig. 2. Modes of operation

The different modes of operation of the propc
fifteen level inverter are shown in Fig. In mode-1,
the voltage Y is obtained across the load. In t
mode, the switches;&nd & are ON as shown in
Fig. 2(a). During mod@; the switches, and $ are
ON and the voltage Ms obtained across thoad as
shown in Fig. 2(b).The voltage \2+V, is obtained
during the mode& operation. In this mode,he
switches § & and $ are OM as shown in Fig. 2(c).
Fig. 2(d) shows modé- operation of the propos:
inverter, where the switchey, S and S are ON and
the voltage ¥ is obtainec The mode-5 is shown in
Fig. 2(e). In this mode, the voltage+V5 is obtained
by turning ON the switches; and Q. During mode-
6, the switches Sand g are ON and the voltage
V,+V3 is obtained across the load alown in Fig. 2
(). The maximum voltage + V,+V3 is obtained
during the modé&- operation as shown is Fig.Q).
During this mode, the switchS,;, S and $are ON.

The mode-1 to mod@- are positive modes of
operation where thpositivevoltages obtained across
the load.In these modes of operation, the switchg
and §, are ON.When the switchesy and $; are
ON, the negative modes of operatiis achieved,
where the voltages are negati The different

4 | S5 |
\Sé T \r3 \ST
switching statesf the proposefifteen level inverter

(d) Mode - 4 is given in Table 1.
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Table 1 P 1
Switching states g, =k 180° wherekz],z,...,(n—)
sNols | s |s|sls|s|s Voltage n 2
Method - 2
S I M S Il A ° In method-1, the main switching angles are
2 |10l o] of ol 1] o VE Ve determined by,

3 (o]l 1] 0] of of of 1 V= 2V -1
szk ﬁ wherek=12,...,(n—j

4 |10 1| o] o] o] 1 W Vo= 3V n+1
5 ol 1] 1] 2| o] of o VE 4V Method - 3 N

In method-3, the gaps between the positive halfecyc
6 (1ol o 1| of Oof O W V= 5V and the negative half-cycle were reduced by ugdieg t

ol 2l ol ol 21 ol o Ve Vom OVa following formula,

1. 42k-1 n-1
8 |1l o 2| of 1| o o v+VorVa=7Ve 3k=25'n1( :therek:lZ,...,(j

n- 2
; .+ Method - 4
The comparison of the output voltage levels with he method-4 gives better output voltage waveform.
the number of DC voltage sources and the number 6fe main switching angles are determined by the
switches for different topologies of multilevel fo|owing formula,

inverter are given in Table 2. 2k -1 n-1
Table 2 6, = sin‘l( j wherek = 12()
Comparison of different Multilevel Inverters n-1 2

Number | Number For the proposed multilevel inverter, there are
Number . . . A . .
Inverter | Of PC of of level | Ratio | Ratio seven main switching angles and are given in Table
Sources | Switches N) (Ngc/ N)| (Ns/N)
(Ngc) (Ns) Table 3
Cascaded i
H-bridge| 3 12 15 0.20 0.80 Switching Angleg — .
inverter Angle Main Switching Angles (in degr ee)
Ref. [15] 4 5 7 057 071 Method- 1 | Method- 2 | Method- 3 | Method- 4
01 12 11.25 2.048 4.096
Ref. [16] 4 11 15 0.27 0.73
0, 24 225 6.1868 12.3736
Ref. [17] 4 12 17 0.24 0.71
03 36 33.75 10.4624 20.9248
Ref. [18] 4 12 9 0.44 1.33
0 48 45 15 30
Proposed 4
inverter 3 11 15 0.20 073
05 60 56.25 20.0026 40.0052
From the above table, it is clear that the progose
multilevel inverter uses minimum number of B6 72 67.5 25.8934|  51.7868
switches to achieve fifteen level output voltage.
0, 84 78.75 34.1066 68.2132

3. Switching Angle Calculation
Switching angles plays an important role in the 1 e qther switching angles are obtained using the
reduction of total harmonic distortion (THD). It is following relations [19]:
known that 2(n-1) switching angles has to be ; :
determined for 'n' level inverter[19]. An 'n' level 1. For period O ta/2 : 6y, 8,
inverter has (n-1)/2 main switching angles 2. For periodu/2 ton D Osayz - - Oy = @0
corresponding to the period 0 #2. The switching |y~ @9,
angles of n-level inverter is shown in Fig. 3. The Valer o

0y

different methods of calculating switching angles a 3. For periodt to 3t/2 : 0y, . . .,030.12= (@+01). .
given below: (@0 1))
Method - 1 4. For period 8/2 t0 2t : O@nays - - -, 021y = (2r-

In method-1, the switching angles are distributede -0
averagely over the rangefand are determined by, (y2) - - (20-01).
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Fig. 3.0utput Voltage with switching angles of 'n' leveVérte
The switching pulses generated using 4. Simulation Results
different methodsire shown in Fig. ¢

The simulation results obtained using
MATLAB software are presented in this sectic
The different DC voltage sources havehe
R R e following magnitudes: Y= V4.=10V, V, = 2Vq
SLARRRRA—ARAAR o =20V and \; = 4V4.= 40V i.e., the voltages are
“ L “ the ratio M : V,: V3 =1: 2 : 4.The maximum
T e O T A A output voltage obtained 70V (i.e. Vi+V,+V53).

: i : i : ‘ The output voltagef the proposedifteen level
inverter for differentmethod are shown in Fig. 5.
R The output voltage has 1&vels (i.e., 7 positive, 7

(a) I negative and 1 zero).
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Fig. 4.Switching pulses (a) Methodl- (b) Method - 2 ©
(c) Method - 3 and (d) Method4-
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method - 4 gives the output voltage similar to the
sinusoidal waveform with minimum THD of
5.48% and the fundamental output voltage of
70.44 V. Table 4 shows the comparison of the
THD of the output voltage waveform and
fundamental output voltage obtained using
different methods.

e ——— Table 4
Comparison of THD and Fundamental output
_ (d) voltage
Fig. 5.0utput Voltage (a) Method - 1 (b) Method - 2 (c) Fundamental
Method -3 and (d) Method - 4. M ethod THD (%) output Voltage
Fig. 6 shows the FFT analysis of the output V)
voltage of the proposed fifteen level inverter for Method - 1 18.79 5451
different metho?sﬂ. EEE— Method - 2 17.53 58.27
T Method - 3 20.84 84.23
" Method - 4 5.48 70.44

~
T

s
T

The above table shows that the proposed fifteen
] level inverter achieves minimum THD and higher
] output level with minimum number of power
| | | ] electronic switches. Table 5 shows the
T P ™ comparison of the THD of the fifteen level output
voltage waveform with the available references.

Mag (% of Fundamental)

e N » @ @
e

(a)
Fundamental (0Hz) = 56.27 , THD= 17.53% Table 5
& 1 Comparison of THD
g THD Ref.[19] Ref.[20] Proposed
£
3 . THD (%) 5.67 6.12 5.48
i, The above table shows that the proposed fifteen
| level inverter achieves minimum THD as
} e | e compared with the references.
(b) 5. Hardwaresetup
Fundamental (50Hz) = 84.23 , THD= 20.84% : 3 i
ol | The hardware setup of the proposed fifteen
" level inverter is shown in Fig/..
[ o I ;
Fundamental (50Hz)'= 7044, THD=5.48% B
§Dt -
T e B 7 2w w w® » Fig. 7. Hardware of the Proposed Multilevel Inverter
(d) The MOSFET ISA04N60A is used as a

Fig. 6.FFT Analysis (a) Method - 1 (b) Method - 2 (c)
Method - 3 and (d) Method - 4
From the results, it is observed that the

switching device. The gate pulses are generated
using PIC16F877A microcontroller. TLP250
powered from a 0-12V transformer is used for a
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gate driver circuit. The operating frequency of the
microcontroller is 20 MHz.The fifteen level
output voltage waveform of the hardware setup is
shown in Fig. 8.

Fig. 8. Hardware Result

The experimental result of the proposed
fifteen level inverter matches very closely to the
simulation result.

6. Concluson

This paper proposed a modified topology of
asymmetric fifteen level inverter with minimum
number of switching components. The proposed
inverter achieves fifteen level output voltage with
3 DC voltage sources, 7 main switches and 4 H-
bridge switches. The DC voltage sources have
different voltage magnitudes. The different
methods of calculating the switching angles are
presented. A comparison of the proposed
multilevel inverter topology with other topologies
is presented in this paper. The performance of the
proposed inverter is analysed using MATLAB
software. The simulation and hardware results
exhibit the better performance and feasibility of
the proposed inverter. The result shows that
maximum voltage obtained is 7Vdc and the
method - 4 achieves minimum THD of the output
voltage waveform.
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