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Abstract:

The implementaton of multilevel inverter at present scenario are more demand for
various major industrial application, utility system, traction drives, etc due to its
implementation of medium voltage and high power. Various semiconductor switches
consists an array like structure to form a multilevel inverter. The required signal of
output waveform can be generated and controlled by gate pulses. In case of multilevel
inverter of casdaded type, separate dc sources required to produce the voltage
waveform in staircase pattern which is nearly similar with the waveform of sinusoidal.
The distortion can be decreased by implementing the principle of multicarrier pulse
width modulation (PWM). Further THD can also be decreased with rise of number of
level. In this paper, the THD analysis is done by using MATLAB for different loads.
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1 INTRODUCTION

The Multilevel inverter has ever increasing demand due
to its implementation for various applications like ac
machine drives, ststic var compensators, active power filter,
solar power generations, etc. Multilevel inverter have the
capability to performs at fundamental switching frequency
and at higher ranges of switching frequency using PWM
technique. The draw backs of this inverter are due to the use
of various voltage of dc sources. This is because as the
number of level increase, the switching devices also going
to increase. So, each switching device requires a related
gate drive circuits, which makes the system more complex
and expensive.

There are 3 types of classification of multilevel inverter.

1- capacitor clamped[15], 2- diode clamped[15], 3-
cascaded type H-bridge[15]. This paper represents a
comparative analysis of various multilevel inverter. These
are 7-level, 9-level and 11-level cascaded type H-
bridge[13]. It is achieved by implementing multicarrier
PWM principle. The conventional technique of PWM is to
compare a sinusoidal signal (considered as reference) with a
triangular wave (considered as carrier) having higher ranges
of frequency for generating required pulse for the respective
switching devices. The multicarrier PWM technique can be
performed be using two types of PWM technique . These
are:

1-phase shifted multicarrier-PWM [1] (PSM-PWM)

2-level shifted multicarrier-PWM [1] (LSM-PWM)
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In case of PSM-PWM, displacement of phase ¢, among the
carrier waves of adjacents can be written as
360

1

1 €
Here m represents the levels of multilevel inverter.
Similarly in level shifted-PWM, each triangular carrier

wave will be vertically shifted with each other. All the

C

carrier waves have identical peak to peak magnitude and
frequency[2].

The LSM-PWM is divided into three types. i.e.

First one is popularly known as in phase type
disposition using PWM technique (IPD-PWM)|[3],

second one is known as phase opposition type
disposition using PWM technique (POD-PWM)[3] and third
one is known as alternate phase opposition using PWM
technique (APOD-PWM)[3].

In IPD-PWM technique, each triangular wave is in
same phase with each other. In POD-PWM technique[4], all
the waves of carrier signal are having identical phase
position at upper and lower region of zero reference axis
and 180c phase displaced among the ones of upper and
lower region of zero reference value. Similarly in APOD-
PWM technique, all the carrier waves are displaced by 180°
with each other alternately.
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2 MULTILEVEL INVERTER TOPOLOGY
2.1 Fundamental Operation Principle

The cascaded multilevel inverter (CMI) is a cascaded
combination of 2 or more single-phase full bridge inverters
and used for calculating the desired output waveform. In
case of inverter of 7-level, three numbers of 1-phase
inverters of full wave bridge type are connected in series.
Each bridge having individual sources of dc voltage. This
DC voltage source can be battery voltage or fuel cell or
solar cell, etc. Nine-level inverter can be modelled by using
four numbers of single phase full bridge inverters. Required
11-level voltage of output is obtained by series connecting
five number of bridges.

Figure 1 Simulation model of inverter having 7-level

Table 1 7-level inverter’s switching strategy[15],[16]

VOD,tgge Al Ao | A A A As| A | As | Ao | Aw | Au | A
O |FIFIFIF|F|[F|F [F[F |F |[F |F
Ve |T|F|F|T|F|IF|T | T|[F[F[T]T
Ne |T|F|F|T|T|[F[F|T[F]|F T
3V TI{F|F|T|T|F F T T F F T
Ne |[T|F|IF|IT|T[F[F|T[F|F [T [T
Ve |T|F|F|T|F|F[T [T |F[F [T |T
o |F|F|F|F|FIF|F|F|F|F|F]|F
Ne |FIT|T|F|IT[T[F|[F|[T [T [ F]|F
Ne |FIT|T|F|FIT[T [F|[T [T [ F|F
Ve |[FIT|T|F|FIT|[T [F|F|F|T [F
Ne |FIT|T|F|FIT[T [F|T [T [ F|F
Ve |FITI|T|F|T|T| F|F|T|T F
o |FIF|F|FIF[F[F[F[F|F F

Fig-1 represents the simulation model of a 7-level
inverter using MATLAB, where three DC voltage
sources are connected. In this topology 12 semiconductor
switches are used. T represents ON state and F represents
OFF state. During voltage level +Vg, various switches
are turned ON. These are A, Ay, A7, Ag, Ay, Similarly,
during the output voltage level of +2V, switches A;, Ay,
As, Ag, Aq1, and Ay, are ON state. In this way of above
two cases of voltage level, other voltage levels are turned
ON & OFF and mentioned in Tablel.

In case of 9-level inverter, there are four independent
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dc voltage sources and sixteen switches are connected for
achieving 9-level phase voltage output waveform.
Similarly in case of 11-level inverter, five independent dc
voltage sources are connected and 20 switching devices
are implemented for achieving the desired output voltage
waveform.

3  SIMULATION RESULTS

The simulation result of 7-level, 9-level and 11-level
multilevel inverter are processed using
MATLAB/Simulink[9]. It has been seen that, if the number
of levels increases then there is decreasing of harmonics.
Here the simulation is done using R and R-L loads [5]. It
has been found that, for both these loads, the output phase
voltage waveform and THD value will be same. In case of
R-load, output phase voltage & current are in same phase.
Hence the THD value and output voltage waveform will be
same. PSM-PWM and LSM-PWM are done for 7, 9 and 11-
level inverter [6].

3.1 Phase Shifted Multicarrier PWM
3.1.1 Seven Level Inverter

In 7-level type of inverter, 6 numbers of carrier signals
having triangular types are phase shifted by 60° and also
matched with the sinusoidal signal considered as reference
for generating firing pulses.

Figure 2 Comparison of six triangular signals with reference signal of
sinusoidal wave

Figure 3 Phase voltage output of 7-level type inverter having R- load
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Figure 4 Output phase voltage's FFT analysis of 7-level type inverter
having R-Load[10]
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Figure 5 Output current's FFT analysis of 7-level inverter for R-L load[10]

3.1.2 Nine Level Inverter

In 9-level inverter, 8 numbers of triangular signals are
compared with a sinusoidal signal[6]. It generates gate
pulses for their respective switching elements.

Figure 6 Firing pulse generation of 9-level inverter

In 9-level inverter, each triangular waves will be phase
displaced by an angle 45° alternately.
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Figure 7 Phase Voltage output waveform of 9-level inverter (R- Ioad)
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Figure 8 Output voltage's FFT Analysis of 9-level inverter having R-
load[15]

It has been observed from the analysis of FFT that, THD

value is decreased to 15.16% as compared to 7-level
inverter having THD= 21.16%.

snm d signal: 26 cycles. FFT window (in red). § cycles
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Figure 9 Output current's FFT analysis of 9- level having R-L load
3.1.3 Eleven Level Inverter
In 11-level inverter [7],[8], 10 numbers of triangular signal
are phase shifted by 36° and are compared with a sinusoidal

wave (reference) so that the required gate signals will be
generated for the respective switching devices.
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Figure 10 Firing pulse generation of 11-level
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Figure 11 11-level Phase Voltage (R-load)

Sekcted signal: 25 cyeclas. FFT window (in rd): & cycks
T T m T T

I 1 I L |l I f
.08 @1 a1s 02 0.2 03 035 a4 045 0s

Time s}
FFT analysis
Fundamental (50Hz} = B7.23  THD=13 21%
T T T T
4F
T 0@
H
s
T 06
g‘ﬂd
=
02
SO SO SO OO AU NUPO AU N S
] 2 * 3 [] 10 12 14 ] 18 2
Hamanic ondsr

Figure 12 FFT analysis of output voltage's 11- level inverter having R
Load

From FFT analysis the THD value is 13.21%.
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Figure 13 Output current's FFT analysis of 11- level inverter having R-L
Load
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3.2 Multicarrier type Modulation having shifted of
Level

It can be further classified as

(1) Alternate  Phase
Disposition (APOD)

(i) In Phase type Disposition (IPD)

(iii) Phase having Opposition and Disposition (POD)

having  Opposition  and

The various multilevel inverters are studied below for
APQOD:

3.2.1 Seven Level Inverter

Here 06 numbers of triangular waves of carrier signal will
be phase dlsplaced by 180° altemately
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Figure 15 7-level inverter's output phase voltage (R- Load)
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Figure 16 Output phase voltage's FFT of 7-level (R- Load)
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Figure 17 Output phase current's FFT of 7-level having R-L Load

It has been observed from the above FFT analysis that,
harmonic quantity present in output phase voltage is
19.64%.

3.2.2 Nine Level Inverter

In nine level inverter, eight triangular waves which are
phase displaced by 180° alternately are justaposed
alongwith the signal of sinusoidal wave for generating the
desired gate pulse.

Peak ta Pesk magnitude

0363 032 0374 53

Figure 18 Gate pulse generation of nine level inverter
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Figure 19 Output phase voltage's FFT analysis of inverter (9-level having

R-load)
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Figure 20 Output phase current's FFT analysis of inverter (9-level having

R-L load)

3.2.3 Eleven Level Inverter

In 11-level inverter, ten numbers of triangular signals will
be compared with a sinusoidal signal for generating firing
pulses. The triangular signals are phase shifted by 180°

alternately.
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Figure 21 Gate pulse generation of inverter (11-level)
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Figure 22 Output phase voltage's FFT analysis of 11-level inverter having

R load

The various multilevel inverters are studied below for
“In Phase Disposition™:
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3.2.4 Seven Level Inverter

Here all the six triangular signals lies along same phase and
are compared with a signal of sinusoidal wave.
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Figure 23 Gate pulse generation of inverter havmg seven-level
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Figure 24 Output phase voltage's FFT analysis of 7-level inverter having R
load [9]
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Figure 25 Output current's FFT analysis of multi-level inverter having R-L
load(7-level)

3.2.5 Nine Level Inverter
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Figure 26 Firing pulse generation of nine level inverter
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Figure 28 FFT analysis of current having R-L load (9-level)

3.2.6 Eleven Level Inverter
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Figure 29 Firing pulse generation of eleven level inverter
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Figure 30 Output voltage's FFT analysis having R load
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Figure 31 Output current's FFT analysis having R-L load

The various multilevel inverters are studied below for
“Phase Opposition Disposition”.

3.2.7 Seven Level Inverter
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Figure 32 Generation of firing pulse of 7-level inverter
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Figure 33 output voltage's FFT analysis having R- load
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Figure 34 Output current's FFT analysis of 7-level having R-L load[14]
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3.2.8 Nine Level Inverter
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Figure 35 Firing pulse generation of nine level inverter
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Figure 36 FFT analysis of output voltage having R load (9-level inverter's)
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Figure 37 FFT analysis of output current with R-L load (9-level inverter)

3.2.9 Eleven Level Inverter
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Figure 38 Firing pulse generation of eleven level inverter
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Figure 40 FFT analysis of output current of eleven level inverter (R-L
load)[9]

Table 2 THD of different multilevel inverter having R load

Phase
Phase voltage IPD POD APOD Shift(PS)
7 level 17.49% 18.13% 19.78% 20.23%

9 level 14.4% 17.63% 16.44% 15.2%

11 level 11.13% 11.41% 12.3% 13.22%

Table 3 THD analysis of different multilevel inverter with R-L load

Output Phase
current IPD POD APOD Shift(PS)
7 level 1.6% 1.23% 1.21% 0.66%
9 level 0.99% 1.06% 1.19% 0.62%
11 level 0.9% 0.87% 1.27% 0.52%

4 CONCLUSION

This paper focuses on 7,9 and 11-level multilevel
inverter having various loads. It has been concluded
that, by implementing multicarrier PWM topology,
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THD goes on decreasing with respect to increase in the
the number of levels [11],[12]. The harmonic can
further decreased by using filter circuit. This
observations are obtained through MATLAB/Simulink.
It is further observed that by implemening casdaded
eleven-level multilevel inverter alongwith IPD
modulation technique illustrates better THD values
when comparing with the inverter phase voltage. In a
similar ways, the current harmonics can also be
decreased.

Various outcomes received through these simulation
studies using various loads states that multicarrier
PWM topology gives lower THD as compared to
classical PWM method. So, it is concluded that
industrial drives can operate compaitably with better
efficiency and lower harmonic by implementing
cascaded eleven-level multilevel inverter alongwith IPD
techniques of modulation.
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