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ABSTRACT: The advantage of AC drive over DC drive is rugged construction and low cost. Due to this reason most of
the industrial applications uses induction motor drive. For the speed control of induction motor drive we need inverter.
Conventionally three level sinusoidal pulse width modulated (SPWM) inverters are popular for this application. But the
drawback of three level SPWM inverters is high switching losses due to high switching frequency. So conventional
inverters are limited for low power applications only. For medium and high power application multilevel inverters (MLI)
are proposed in literature. Out of various configurations of MLI Dioide clamped MLI is popular. It has the advantages of
simple configuration and requires less number of individual DC sources. In this paper we have considered 3 Level, 5
Level and 7 Level MLI fed induction motor drive. We have done the analyses of effect of voltage levels and modulation
index on total harmonic distortion (THD). A Simulink based model is developed and simulation results are presented for
various test cases. It is clearly shown that as we increase the voltage levels and modulation index THD is reducing. The
maximum levels of the inverter limited to seven based on cost factor of the drive.
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INTRODUCTION

In recent years the industrial demand increases to high power equipments up to mega watts level. But the power handling
capacity of power semiconductor devices are less only up to kilo volts level. The controlled ac drives in that range are
connected with medium voltage networks. To increase the power handling capacity, multilevel topologies are proposed
since 1980s. A 3-level inverter generates an output voltage with two values and 5-level and 7-level inverter generates an
output voltage of three values and so on. Increasing the number of levels increases the number of steps in the output. The
advantages of multilevel topologies are, the voltage across each power semiconductor devices are less, the output voltage
harmonic distortion are reduced [1, 2]. However the drawbacks are, the required number of power semiconductor
devices are increased and control becomes more complex [1, 2]. They can also used for medium or even low power
application with better performance [3].

The main topologies of multilevel inverters are diode clamped or neutral point clamped multilevel inverter (DCMLI),
capacitor clamped or flying capacitor multilevel inverter (FCMLI) and cascaded H-bridge multilevel inverter
(CHBMLI). Comparing the devices and components used, the diode clamped inverter requires more number of diodes
and the flying capacitor inverter requires more number of capacitors while the cascaded H-bridge inverter requires less
number [4].

DIODE-CLAMPED MULTILEVEL INVERTER

The most commonly used multilevel topology is the diode clamped inverter, in which the diode is used as the clamping
device to clamp the dc bus voltage so as to achieve steps in the output voltage. Thus, the main concept of this inverter is
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to use diodes to limit the power devices voltage stress. The voltage over each capacitor and each switch is VVdc. An n
level inverter needs (n-1) voltage sources, 2(n-1) switching devices and (n-1) (n-2) diodes. By increasing the number of
voltage levels the quality of the output voltage is improved and the voltage waveform becomes closer to sinusoidal
waveform.

A.3-LEVEL DIODE CLAMPED INVERTER
The three phase 3-level diode clamped multilevel inverter fed induction motor is the common multilevel inverter used

for various applications [8]. A three phase 3-level diode clamped multilevel inverter is adopted in this paper. It is
obtained from a configuration of twelve switching devices and six clamping diodes as shown in figure.1.
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Figure 1. Diode-Clamped Multilevel Inverter Circuit Topologies for three phase three-level fed induction motor

The sector is identified from three phase reference voltage and the corresponding voltage vector is selected from the
switching table to generate the gating pulses for the inverter.

Tablel. Three-level diode clamped switching sate for phase A

Sal Sa2 Sa3 Sa4
Vdc/2 1 1 0 0
0 0 1 1 0
-Vdc/2 0 0 1 1

B.5-LEVEL DIODE CLAMPED INVERTER

The three phase 5-level diode clamped multilevel inverter fed induction motor is the common multilevel inverter used
for various applications. A three phase 5-level diode clamped multilevel inverter is adopted in this paper. It is obtained
from a configuration of 24 switching devices and 18 clamping diodes as shown in figure.
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Figure 2. Diode-Clamped Multilevel Inverter Circuit Topologies for three phase Five-level fed induction motor
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The sector is identified from three phase reference voltage and the corresponding voltage vector is selected from the
switching table to generate the gating pulses for the inverter.

Table 2. Five-level diode clamped switching sate for phase A
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C.7-LEVEL DIODE CLAMPED INVERTER

The three phase 7-level diode clamped multilevel inverter fed induction motor is the common multilevel inverter used
for various applications. A three phase 7-level diode clamped multilevel inverter is adopted in this paper. It is obtained
from a configuration of 24 switching devices and 18 clamping diodes as shown in figure.
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Figure 3. Diode-Clamped Multilevel Inverter Circuit Topologies for three phase seven-level fed induction motor

Table 3. Seven-level diode clamped switching sate for phase A

Vo Sal | Sa2 | Sa3 | Sa4d | SaS | Sa6 | Sa7 | Sa8 | Sa9 | Sal0 | Sall | Sal2
Vde/2 1 1 1 [1 1 1 0 0]107]0 0 0
Vde/3 0 1 1 [1 1 1 1 0100 0 0
Vde/6 | 0 01 ]1 1 1 1 110710 0 0

0 0 00 ]1 1 1 1 1 1 0 0 0
Vde/6 | 0 01010 1 1 1 1 1 1 0 0
Vded | 0 01010 0 1 1 1 1 1 1 0
Vde2 | 0 01010 0 0 1 1 1 1 1 1

The sector is identified from three phase reference voltage and the corresponding voltage vector is selected from the
switching table to generate the gating pulses for the inverter.
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MODULATION TECHNIQUES

Pulse Width modulation (PWM) strategy is the developed issue to shift the total harmonic distortion (THD) of the
present. it's usually recognized that increasing the switch frequency of the PWM pattern reduces the lower frequency
harmonics by moving the switch frequency carrier harmonic and associated sideband harmonics any removed from the
basic frequency element. The foremost advanced of these square measure Carrier primarily based are known as carrier
based Pulse dimension Modulation (CB-PWM or SPWM). The operation principle of this methodology supported
comparison of commanded voltage signal with the triangular carrier signal Result of this operation is rectangular signal.
Width of the rectangle is proportional to average value of the commanded signal. signal of this operation is directly
delivered to the semiconductor’s driver, Carrier primarily based modulation for over 2 level converters needs a lot of
carrier signals. For n-level convertor minimum n-1 carrier signals square measure required. Every carrier signal is to
control the two switches. One switch is controlled directly by the pulse signal and second is controlled by negative
sequence. Multiple carrier signals in structure converters creates varied prospects of mutual locations of these signals.
Typical possibilities for multi-carrier systems are:

* Phase Shifted Carriers (PSC)

* Level Shifted Carriers (LSC)

Phase Shifted Pulse Width Modulation Scheme (PSPWM)

Phase shifted PWM (PS-PWM) is used in Diode clamper Multilevel inverters, since each cell is modulated
independently using sinusoidal unipolar PWM A carrier phase shift of 180°/m for the CHB and of 360%m for the FC is
introduced across the cells to generate the stepped multilevel output waveform with lower distortion (where m is the
number of cells) the comparison of the ref and carrier by PSPWM as shown in Fig.4.
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Figure 4.Phase shifted PWM Scheme
B. Level Shifted PWM Scheme (LSPWM)

Level shifted PWM (LS-PWM) is used for controlling voltage of a diode clamped multilevel inverter. The control
principle of the level shifted SPWM is to use several triangular carrier signals keeping only one modulating sinusoidal
signal. For a three level inverter two carriers and for a five level inverter, four triangular carriers are needed. In general if
an m-level inverter is employed, (m-1) carriers are needed. The carriers have the same frequency f. and the same peak-
to-peak amplitude Ac. The zero reference is placed in the middle of the carrier set. The modulating signal is a sinusoid of
frequency f,, and amplitude A.. At every instant, each carrier is compared with the modulating signal. Each comparison
switches the switch "on" if the modulating signal is greater than the triangular carrier assigned to that switch.
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Figure 5. Level shifted PWM Scheme
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MATLAB/SIMULATION RESULTS

Case 1: 3 level Diode Clamped Multi level Inverter fed Induction motor drive.
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Figure 8. Simulated phase voltages output wave form of 3 level Diode Clamped Inverter
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Figure 9. Total Harmonic Distortion of Phase voltage shows 52.04% at Modulation Index=1 for 3 level Diode Clamped Inverter
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10. Simulated Line voltages output wave form of 3 level Diode Clamped Inverter

Fundamental (50Hz) = 607 , THD= 43.91%

’E T T I T T I I T T

E g} ]
£

@

T

s Af §
w

k]

£ 10r ’ ‘ 4
o

gﬂ ! J..lll Ih.l el .l.l.. I st ol

0 1000 2000 3000 4000 4000 G0OO 7000 BOOO 9000 10000
Frequency (Hz)

Distortion of Line voltage shows 43.91% at Modulation Index=1 for 3 level Diode Clamped Inverter
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Figure 13. Total Harmonic Distortion of Stator Current shows 18.88% at Modulation Index=1 for 3 level Diode Clamped Inverter
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Table 2
Total Harmonic Distortion for 3 Level Diode Clamped Multi
level Inverter
Modulation . Stator
Index(MI) Phase voltage | Line voltage current
0.3 184.90 156.69 31.06
0.5 125.66 117.64 32.16
0.7 86.34 90.87 38.08
0.9 64.29 57.62 24.43
1 52.04 43.91 18.88

Case 2: 5 level Diode Clamped Multi level Inverter fed Induction motor drive
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Figure 14. Simulink model of 5 level Diode Clamped Multi level Inverter fed Induction motor Drive
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Figure 15. PWM technique for 5 level Diode Clamped Multi level inverter
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Figure 16. Simulated phase voltages output wave form of 5 level Diode Clamped Inverter
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Figure 17. Total Harmonic Distortion of Phase voltage shows 27.67% at Modulation Index=1 for 5 level Diode Clamped Inverter
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Figure 18. Simulated Line voltages output wave form of 5 level Diode Clamped Inverter
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Figure 19. Total Harmonic Distortion of Line voltage shows 24.53% at Modulation Index=1 for 5 level Diode Clamped Inverter
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wave forms of Induction motor under 5 level Diode Clamped Inverter
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Fundamental (50Hz) = 29.9 , THD=10.54%
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Figure 21. Total Harmonic Distortion of Stator Current shows 10.54% at Modulation Index=1 for 5 level Diode Clamped Inverter
Table 3
Total Harmonic Distortion for 5 Level Diode Clamped Multi level Inverter
Modulation .
Index(MI) Phase voltage Line voltage Stator current

0.3 106.94 100.87 20.42

0.5 52.84 44.51 10.79

0.7 46.39 41.50 17.24

0.9 35.37 32.8 14.16

1 27.67 24.53 10.54

Case 3: 7 level Diode Clamped Multi level Inverter fed Induction motor drive
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Figure 22. Simulated model of 7 level Diode Clamped Multi level Inverter fed Induction motor drive
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Figure 23. PWM technique for 7 level Diode Clamped Multi level inverter
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Figure 24. Simulated phase voltages output wave form of 7 level Diode Clamped Inverter
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Figure 25. Total Harmonic Distortion of Phase voltage shows 19.23% at Modulation Index=1 for 7 level Diode Clamped Inverter

Line Voltages of 7 level Diode Clamped Inverter

Figure 26. Simulated Line voltages output wave form of 7 level Diode Clamped Inverter
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Fundamental (50Hz) = 592.1 , THD= 17.22%
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Figure 27. Total Harmonic Distortion of Line voltage shows 17.22% at Modulation Index=1 for 7 level Diode Clamped Inverter

7 level Diode Clamped hased Motor Characterstics
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Figure 28. Simulated Current, Speed and torque characteristics wave forms of Induction motor under 7 level Diode Clamped Inverter
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Figure 29. Total Harmonic Distortion of Stator Current shows 7.42% at Modulation Index=1 for 7 level Diode Clamped Inverter

Table 4
Total Harmonic Distortion for 7 Level Diode Clamped Multi
level Inverter

Modulation . Stator
Index(MI) Phase voltage | Line voltage current

0.3 65.34 58.46 11.21

0.5 46.92 42.40 10.44

0.7 27.66 23.64 9.06

0.9 25.37 23.04 10.24

1 19.23 17.22 7.42

CONCLUSION

In this paper, a Diode clamped based inverter with SPWM control algorithm for n-level Dc-Ac converter has been
modelled and simulated with Matlab®/Simulink. This algorithmic rule will generate SPWM pulses for any level of
inverter by ever-changing parameter n that is the number of electrical converter level. Simulation of three, 5, and 7 level
inverter connected to induction motor has been performed and therefore the generated signals ThD is analysed.
Simulation results provides a higher quality of stator coil current in terms of low harmonics, so reducing the adverse
effects on of the machine life and eventually the electrical network which provides it. Base to ThD analyse for 0.3, 0.5,
0.7, 0.9 and 1 index of modulation, we've additionally highlighted that at seven-level, the harmonics is gradually
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decreased. These latter will be simply eliminated with an easy low-pass filter. So it is not necessary to continue
increasing the electrical converter level.
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