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Abstract: - Approximately 75 percentage of carbon 

monoxide emission is owing to vehicles and emission from 

automobiles denotes around 50 to 90 percentage of air 

pollution in urban areas. Electric vehicles are feasible 

answer to reduce the pollution from automobiles 

composing high quantity of air pollution. Electric vehicles 

make use of electric motors to drive the wheels of electric 

vehicle. Motors are supplied with electric supply and 

convert the supplied energy to mechanical energy with no 

carbon or other greenhouse gas emission. CHB topology of 

inverter is controlled with PWM technique. Many PWM 

techniques are explained and out of which sinusoidal PWM 

technique is employed for proposed work due to its 

simplicity. Many types of carrier based sinusoidal PWM 

techniques are there and explained but in-phase disposition 

(IPD or PD) PWM technique was used to trigger switches 

of CHB inverter. CHB topology of multi-level inverter 

under healthy conditions using IPD PWM technique for 5- 

level, 7-level and 9-level inverters was explained. 

 

Mitigation is very important as fault persistence can 

severely damage the complete system and badly affect the 

induction motor performance. Prior knowledge of fault 

analysis, initiates the process of mitigation to restore the 

actual performance of induction motor drive load. A novel 

algorithms being studied for inverter fed induction motor 

drive system to identify and mitigate the inverter faults. 

 

1. INTRODUCTION  
 

Growth in power electronics lead to many developments in 

the area of electrical engineering. To achieve high output 

voltage from an inverter with low total harmonic distortion 

before the filter, multi-level inverter concept was developed. 

Achieving low total harmonic distortion before filter can 

eventually reduce the size of the filter, thus reducing the 

overall cost. If THD is more before filter, the sizing of filter 

might affect the overall cost of the system subjected to 

availability of large sized filters. With multi-level inverters, 

better output can be obtained with less cost than compared to 

conventional square wave inverter. 

 

Use of number of switching cells and their control is main 

drawback in employing multi-level topology. As the number 

of levels at the output increases, the usage of switching cells 

will also be increased. Reliability of the components is very 

important for better performance of the system. In multi-level 

inverters driving induction motor drive, the failure in any of 

the switching cell can badly affect the performance of the 

induction motor drive. Failure in switching cells should be 

diagnosed very quickly to restore the actual performance of 

the motor drive when fed from inverters. 

“Fault is an unusual behaviour of a component which results 

in malfunctioning of the system where device which is in 

failure condition was connected”. 

 

2. INVERTERS 
 

Inverter is an electrical circuit which converts DC to AC. 

Inverter does not generate any power but just transforms the 

supplied DC type of power to AC type. Inverter basically 

consists of power switches and the output power and 

frequency can be controlled by controlling the switches. 

Wherever, variation in output frequency is required with 

variation in voltage, inverters are a viable option. 

 
Different types of inverters are shown in figure 2.1. Inverters 

are broadly classified as basic conventional 2-level voltage 

source inverters (VSI) and multi-level inverters (MLIs). 

Conventional 2-level inverters are again classified to single-

phase and three-phase inverters. Single phase inverters are 

further classified to half-bridge and full-bridge inverters. 

The output of basic conventional 2-level inverter is a square 

wave and thus they can also be called as square wave 

inverters. Square wave output from conventional inverter 

consists of infinite harmonics and insists for harmonic 

mitigation. To reduce infinite harmonics sizing of filter will 

be more and not so cost effective. Thus to reduce the amount 

of harmonics at the output waveform, the level in output 

wave form is increased so that the harmonic distortion at the 

output wave is reduced compared to conventional square 

wave inverter. This concept of increasing the output level can 

eventually reduce the size of filters and are termed as multi-

level inverters (MLI). 
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3. MULTI-LEVEL INVERTERS 
 

High power usage has made a way for multi-level inverters 

in these days in electrical applications in power sector. Multi-

level inverters became part of almost many applications 

replacing conventional two-level inverters. Multi-level 

inverters are best suited for high power high voltage 

applications [1 - 2]. Conventional twolevel inverters suffers 

from setback of high output distortions due to presence of 

harmonics. To reduce the amount of harmonic distortions, 

filters can be used. But to minimize the effect of lower order 

harmonics, large filter size may be required which increases 

the overall cost of the system while higher order harmonics 

can be easily nullified with low sized filters [3-4]. Harmonic 

distortions at the output of inverter driving an electric motor 

drive can cause excessive heating of motor coils, 

electromagnetic interference and increased torque distortions. 

Reduction in total harmonic distortion is to obtain the output 

of the inverter nearer to sinusoidal waveform. This can be 

obtained by increasing the levels of output wave retaining the 

power quality and thus obtained by using multi-level 

inverters. 

3.1 ADVANTAGES OF MULTI-LEVEL INVERTERS 

Multi-level inverters have exceptional features when 

compared to conventional type of inverters and some of them 

are mentioned below. Due to the listed features, multi-level 

inverters are widely used to achieve high power output. 

 
voltage. 

 Delivers output with exceptionally low distortions. 

 Produce small common mode voltage (CMV) which 

sophisticates ease of motor bearing operation. 

 Can operate at low and higher switching frequencies 

 

4. FAULTS IN MULTI-LEVEL 

INVERTERS 
 

Multi-level inverter consists of many components and faults 

are very common to occur in inverter circuits. Faults produce 

unwanted disturbance in the system and affects the 

performance of the loads to which inverter is fed from. 

Mostly inverters are used in motor drives, active filters, 

power factor compensators, interfacing with renewable 

energy source and many more. A simple fault can affect the 

complete load performance which is connected to faulty 

inverter [5]. Multi-level stepped output employs mostly 

IGBT as its main switching device for its operation. Also 

multi-level inverters consist of diodes connected anti-parallel 

to switching device. A fault in any of components in multi-

level inverter can hardly affect the system performance. 

Some of the notified faults in multi-level inverter topology 

are: 

1. Switch (IGBT) open fault 

2. Switch (IGBT) short fault 

3. Diode open fault 

4. Diode short fault 

5. Gate open fault 

6.  Gate short fault 

5. LITERATURE REVIEW 
 

This Section outlines the major research works reported so 

far in the multilevel inverter topologies and modulation 

techniques. Performance analysis of various multilevel 

inverters reported in the literature is given. 

 

Debaprasad Kastha[6] et al., orderly depicts the 

consequences of various faults in PWM inverter fed 

induction motor drive employing V/F speed control 

technique. Internal faults of the machine are not considered 

in this study. Different type of possible faults are mentioned 

but only faults like input supply line to ground fault, diode 

short circuit fault, transistor base drive open fault and 

transistor short circuit fault were only considered for study. 

Simulation study was carried out for the said four types of 

fault conditions and the voltage and current stress on 

switching device was determined qualitatively so that the 

qualitative data for different faults will be helpful in 

diagnosing the fault and also to study motor drive 

performance after fault. 

 

M. S. Mendes[7] et al., illustrates the use of Park‟s vector 

method for mitigating different faults like short and open 

faults of inverter. Prototype was built for inverter and the 

author validated the faults and diagnosis method with Park‟s 

vector approach. 

 

K. Rothenhagen[8] et al., views that the faults in inverter are 

very common in occurrence and diagnosis of fault is 

important in restoring the performance of the system. Author 

reviews the fault analysis for open type of fault in inverters 

and author overview different strategies and algorithms to 

localize fault. Author starts with the survey of fault location 

in mains side rectifier with different strategies and he extends 

his work by evaluating the fault analysis in inverter 

connected to induction machine with variable voltage and 

frequency. 

 

D. Diallo[9] et al., studies the viability of fault detection and 

mitigation in three-phase inverter connected to induction 

motor. Local patterns with seven parts are made where one is 

meant for healthy mode and remaining six are for six 

switches of inverter. A simple algorithm compares the 

patterns and locates the faulty switch. The proposed work is 

approached with sensor-based method by measuring the 

mains current and the patterns were built with stator mean 

current vector method. 

 

B. A. Welchco[10] et al., compares fault tolerant topologies 

of 3- phase inverter driven AC motor for Open fault, short 

fault, phase leg faults. The author reviews the control 

strategies of faulty inverters including two phase and uni-

polar control. The phase voltage and current were measured 

during faulty condition and are compared with no fault 

condition. 

 

S. Khomfoi[11] et al., proposed genetic-algorithm-based 

selective principal component neural network method for 
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fault diagnosis system in a multilevel inverter. Multilayer 

perceptron (MLP) networks are used to identify the type and 

location of occurring faults from inverter output voltage 

measurement. Principal component analysis (PCA) is utilized 

to reduce the neural network input size. 

 

S. Khomfoi[12] et al., introduces fault diagnostic and 

reconfiguration method for a cascaded H-bridge multilevel 

inverter drive (MLID) using artificial-intelligence-based 

techniques. Output phase voltages of the MLID are used as 

diagnostic signals to detect faults and their locations. A 

neural network (NN) classification is applied to the fault 

diagnosis of an MLID system. Multilayer perceptron 

networks are used to identify the type and location of 

occurring faults. The principal component analysis is utilized 

in the feature extraction process to reduce the NN input size. 

A lower dimensional input space will also usually reduce the 

time necessary to train a NN, and the reduced noise can 

improve the mapping performance. 

 

6. CONCLUSION 
Faults are very common in occurrence and different types of 

faults in inverter circuits were presented in detail, out of 

which switch open and switch short are very often and 

constitutes more in occurrence. Fault mitigation topology 

was developed to by-pass the faulty CHB cell using thyristor 

based switch placed across each CHB cell in multi-level 

inverter. A simple algorithm was developed to identify the 

faulty cell and to activate the thyristor switch across faulty 

cell so that the fault in particular cell will not create any 

outage in supplying induction motor drive. Different work 

related to Fault mitigation is also discussed. 
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