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Motivation

 The unique structure of multilevel inverters allows to reach
from low level DC to high level AC voltages with low
harmonics without the use of transformers.

 As the number of voltage levels increases, the harmonic

content of the output voltage waveform decreases
significantly.

« Higher voltage can be generated using the devices of lower
rating.



Objective

 The main objective of the work Is to analyze multilevel
Z-source inverter fed AC drive using various advanced
modulation schemes to obtain enhanced output waveform
guality for induction motor.



Multilevel inverters

L1 In high-power and high-voltage applications, the two-level
Inverters have some limitations In operating at high
frequency mainly due to switching losses and constraints of
device ratings.

L1 Multi-level inverters are the preferred choice in industry
for the application in High voltage and High power
application

[1As the number of voltage levels increases, the harmonic
content of the output voltage waveform decreases
significantly.



Types of Multilevel inverters

1. Neutral point clamped multilevel inverter
(or)
Diode clamped multilevel inverter

2. Flying capacitor multilevel inverter

3. Cascaded H-bridge multilevel inverter



Comparison of Multilevel Inverters

Converter Type |Diode Clamp Flying Cascaded
Capacitors Inverters
Main switching (m-1)x2 (m-1)x2 (m-1)x2
devices
Main diodes (m-1)x2 (m-1)x2 (m-1)x2
Clamping diodes | (m-1)x(m-2) 0 0
Dc bus capacitors (m-1) (m-1) (m-1)/2
Balancing 0 (m-1)x(m-2)/2 0
capacitors




Types of Multilevel inverters
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Impedance Source Inverter[ZSI]

It provides a novel power conversion concept.

It overcomes the theoretical and conceptual barriers of
traditional voltage source and current source inverters.

It holds the additional X-shaped impedance network added
between dc-source and multilevel inverter.

The added impedance network is responsible for balanced
Inductive voltage boost, which are protect the inverter phase
leg without causing damages to the semiconductor switches
from sudden current surge by the Z-Source Inductor.



Topology of Conventional Multilevel
Z-source inverter

Upper Z-
Network (U)

Neutral-Point-
Clamped Inverter
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Network (G)



Topology of Modified Multilevel Z-source
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Switching sequences of Modified Multilevel
Z-source Inverter

Switching sequences Terminal
voltages
2Vdc



Pulse Width Modulation Methods

The natural sampling techniques for a multilevel inverter are
categorized into two and they are:

[1Single-Carrier SPWM (SCSPWM) and
L1 Sub-Harmonic PWM (SHPWM)

Sub-Harmonic PWM is an exclusive control strategy for
multilevel inverters and has further classifications. They are:

1. Phase Shifted Carrier PWM method (PSPWM)
2. Level Shifted Carrier PWM method (LSPWM)
L1 Phase Disposition (PD)
L1 Phase Opposition Disposition (POD)
L1 Alternative Phase Opposition Disposition (APOD)



Multicarrier PWM methods

Multilevel Inverter

Multicarrier PWM

l

‘ Level-Shiftad

PM

N B '
Prase F’hase Cpposition Alterate Op-
Dhsposition

Disposition

position Disposition

&
M

W

A AARAAS

l

Fhase-Shifted




Multicarrier PWM methods (PDPWM)
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The PDPWM incorporate L-lI carriers, which all in phase
consequently. The proposed five level topology take account of
four carriers are settle in phase with one another and compared
to reference wave.



The PODPWAM utilize L-I carriers which might be every carriers in phase above and below the zero position. At this point, all the carrier waves a

Multicarrier PWM methods (PODPWM)

The PODPWM utilize L-I carriers which might be every carriers
In phase above and below the zero position. At this point, all the
carrier waves are phase shifted by 180° between the ones
above and below zero position



Multicarrier PWM methods (APODPWM)
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It requires (L-1) number of carriers which are all phase
displaced from each other by 180° alternatively



Multicarrier PWM methods
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Block diagram of DTCIMD
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Simulation Circuits & Results
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Development of Prototype
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Features of Multilevel inverters

The harmonics content is lowered with higher switching
frequency

EMI reduction
Higher efficiency
Low switching loss

Low frequency harmonics are not presented.



Applications of Multilevel inverters

 Reactive power compensation

o Adjustable speed drives



Conclusion

The performance analysis of 5-level neutral point clamped
z-source inverter fed induction motor drives by simulation as well
as building a development of prototype model.

The constraint of prototype model iIs constructed to make
flexibility and adaptability to the practical environment.

Various performance parameters of induction motor like phase
currents, stator voltage, speed, torque and DC bus voltage has
been investigated using DTC strategy by simulation and prototype
model.

The PD, POD, APOD PWM approaches are reviewed for the
proposed inverter and acknowledged that POD PWM gives lot
better test results over others. From the above results DTC could
tremendously reduce current, torque and flux ripples.
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