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Abstract—Induction motor drive is one of the prominent 
motor drive that is extensively used in industries these days due 
to its enhanced nature in construction and performance wise. 
Induction motor is robust in construction and requires less 
maintenance which is very much suited in polluted environment 
like industries. Inverter fed induction motor operates with 
variable speeds with variable supply frequency and voltage 
produced from inverter. Multi-level inverter performs better 
than conventional inverter and this paper presents fault 
mitigation through a simple algorithm for diode clamped 
topology of multi-level inverter to pledge supply continuity to 
induction motor during faulty conditions in inverter. 
Asymmetrical PWM technique is used to control diode clamped 
inverter switches. Proposed work was developed using 
MATLAB/SIMULINK software and results were presented 
showing induction motor and inverter performance 
characteristics before fault, during fault and after fault 
mitigation conditions for switch open and short type of faults.  
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I. INTRODUCTION 

Early electric motors were developed in 18th century with 
the principle of faraday’s laws of electromagnetic induction. 
Widespread use of induction motor is in industries due to its 
assured advantages of robust construction, less maintenance, 
fine speed-torque characteristics and many more over other 
type of motors [1-2]. 

Induction with drive system is termed as induction motor 
drive and gives variable speeds at the output. Industries needs 
speed controlled motor for their applications and induction 
motor drive is advantageous since available supply is AC and 
there is no need of separate converters for drive to operate and 
also due to its superior advantages mentioned. Speed is 
regulated in induction motors with variation in terminal 
voltage or by varying supply frequency to induction motor as 
speed of the induction motor is directly proportional to 
terminal voltage and supply frequency [3-4]. Supply 
frequency and terminal voltage can be changed and supplied 
to induction motor for variable speed operations employing an 
inverter. By proper control of inverter switches, desired output 
voltage and frequency can be obtained [5-6].  

Inverter fed induction motors can be advantageous while 
using for drive applications. Conventional two-level (square 
wave) inverter produces output containing infinite harmonics 
and insists for large sized filters when fed to induction motor. 
Filter size and as a result overall cost can be reduced 

employing a multi-level inverter topology producing output in 
stepped form. Harmonic distortion at the output of multi-level 
inverter is less when compared to conventional square wave 
inverter.  

Diode clamped inverter is a type of multi-level inverter 
(DCMLI) topologies and can also be called as neutral point 
clamped inverter. Diodes are the clamping elements used in 
DCMLI. DCMLI employs power electronic static switches for 
its operation and power static switches are subjected to open 
or short sometimes resulting in fault condition in inverter 
which leads to malfunctioning of induction motor drive. Due 
to faulty condition in inverter, supply is cut off to induction 
motor in particular phase where fault exists. This condition 
leads to complete shut-down of motor producing no 
mechanical output due to overloading of other phases and 
eventually burning of windings in induction motor. 

Fault identification [7-8] is very important to ensure proper 
functioning of induction motor by mitigating fault condition. 
Fault identification initiates the process of fault mitigation. 
Fault identification and mitigation [9-10] can be done using 
many methods and also using algorithms. Switch open and 
switch short are the two basic most occurred faults known 
from the knowledge of fault analysis of inverters.  

This paper presents fault identification and mitigation 
using a simple algorithm for diode clamped multi-level 
inverter topology fed to induction motor drive. Algorithm to 
identify and mitigation process is explained along with 
illustration of basic diode clamped inverter topology. Process 
of fault identification and mitigation with algorithm when 
operated on DCMLI is illustrated. Proposed work for switch 
open and switch short faults was developed using 
MATLAB/SIMULINK software and results were presented 
showing induction motor and inverter performance 
characteristics before fault, during fault and after fault 
mitigation conditions for switch open and short type of faults.  

II. DIODE CLAMPED INVERTER FED INDUCTION MOTOR 

 Figure 1 depicts the general circuit representation of 
diode clamped multi-level inverter (DCMLI) fed induction 
motor drive. Induction motor is AC type of machine and needs 
AC supply. For variable speed operation of induction motor, is 
fed from inverter. Inverter is a device which converts DC to 
AC supply and needs a DC source for its operation. Apart 
from DC link voltage inverter is to be fed from a DC source.  
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Fig 1: General circuit representation of diode clamped inverter fed induction motor drive 
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Fig 2: Algorithm for fault identification and mitigation of diode clamped inverter fed induction motor drive 
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Fig 3: Diode clamped inverter fed induction motor drive with fault mitigation algorithm 

The available supply from grid should be of DC type and 
for this a simple diode bridge rectifier converts AC grid 
supply to DC type and feeds inverter. A simple diode bridge 
rectifier consists of two diodes per phase and a total of six 
diodes to convert three phase AC supply to DC type. A 
sequential circuital representation was shown in figure where 
supply is fed to diode bridge rectifier for conversion from AC 
grid supply to DC and feeding inverter. A simple diode 
clamped inverter consists of diodes and power electronic static 
switches for its operation. Inverter consists of four static 
switches per phase and employs diodes as clamping devices. 
Though diode clamped inverter has a problem of having more 
number of diodes as number of levels in multi-level inverter is 
increased but as basic inverter it is considered for the 
investigation.   

III. ALGORITHM FOR FAULT IDENTIFICATION AND 

MITIGATION 

Faults in inverter circuit is very common in occurrence and 
switch open type and switch short type of fault conditions 
were taken up for investigation of inverter and induction 
motor performance for fault identification and mitigation. 
Initially, currents in each phase of inverter are measured. The 
measured phase currents of inverter are sent for calculation of 
harmonic distortion (THD) in currents. Corresponding to 

phase-A, if THD in line current of phase-A is greater than 
10% it is concluded that fault (open or short) exists in phase-
A. Similarly corresponding to phase-B, if THD in line current 
of phase-B is greater than 10% it is concluded that fault exists 
in phase-B and same as like for phase-C. Diode clamped 
inverter is controlled using asymmetrical PWM technique. If 
no fault found in phase-A, amplitude and phase angle with 
frequency is set as normal to drive phase-A of diode clamped 
inverter and if fault exist in phase-A, the particular PWM for 
phase-A is not set to drive phase-A of inverter by making 
amplitude of pulse zero while remaining two phases are 
active. Similarly if fault is not found in phase-B or phase-C, 
PWM is set normally. But if fault is found in phase-B or 
phase-C, that particular corresponding PWM amplitude is 
made zero such that the phase is inactive. Algorithm for fault 
identification and mitigation was shown in figure 2 while 
figure 3 depicts the diode clamped inverter with fault 
mitigation algorithm. Fault is mitigated by making the faulty 
phase inactive and making induction motor drive not affected 
by fault condition. When fault is identified, particular phase 
activating pulses from asymmetrical PWM is made zero. With 
this type of fault mitigation, induction motor is supplied with 
continuous supply for motor operation. This increases the 
reliability of motor during fault conditions.       
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IV. RESULTS AND DISCUSSIONS 

A. DCMLI with switch open mitigation 

 

Fig 4: Three-phase line voltages with switch open mitigation   

Three phase line voltages of inverter with switch open 
fault mitigation were shown in figure 4. Switch open fault was 
introduced at 0.25 seconds. Before fault occurrence, line 
voltages are normal in shape with actual amplitude near 900V. 
After sensing the fault, algorithm activated PWM accordingly 
and thus line voltages are reduced in peak but not zero. 

 

Fig 5: Three-phase voltages with switch open mitigation   

Phase voltages in three phases of inverter with switch were 
shown in figure 5 with fault introduced at 0.25 seconds. Fault 
is identified in phase-A of inverter after 0.25 seconds and 
phase-A of inverter is not activated from PWM receiving 
signals from algorithm while remaining two phases remains 
activated.   

 

Fig 6: Three-phase line currents with switch open mitigation   

Three-phase line currents with switch open fault mitigation 
in inverter were shown in figure 6. Fault is introduced at 0.25 
seconds. Before fault, line currents are with constant peak of 
40A with some initial transient. After fault occurrence, the 
algorithm activates and mitigates fault and thus line currents 
are not zero but supplying induction motor with reduced peak.   

 

Fig 7: Induction motor characteristics with switch open mitigation   

Induction motor characteristics stator current, speed and 
torque were shown in figure 7. Before fault, stator current is at 
constant peak of 40A, speed maintained at 1500 RPM with 
torque at 20 Nm. After fault mitigation, with distortions at 
0.25 seconds, speed and torque are restored to constant value.   

B. DCMLI with switch short mitigation 

 

Fig 8: Three-phase line voltages with switch short mitigation   

Three phase line voltages of inverter with switch short 
fault mitigation were shown in figure 8. Switch short fault was 
introduced at 0.25 seconds. Before fault occurrence, line 
voltages are normal in shape with actual amplitude near 900V. 
After sensing the fault, algorithm activated PWM accordingly 
and thus line voltages are reduced in peak but not zero. 
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Fig 9: Three-phase voltages with switch short mitigation   

Phase voltages in three phases of inverter with switch short 
were shown in figure 9 with fault introduced at 0.25 seconds. 
Fault is identified in phase-A of inverter after 0.25 seconds 
and phase-A of inverter is not activated from PWM receiving 
signals from algorithm while remaining two phases remains 
activated.   

 

Fig 10: Three-phase line currents with switch short mitigation   

Three-phase line currents with switch short fault mitigation 
in inverter were shown in figure 10. Fault is introduced at 0.25 
seconds. Before fault, line currents are with constant peak of 
40A with some initial transient. After fault occurrence, the 
algorithm activates and mitigates fault and thus line currents 
are not zero but supplying induction motor with reduced peak.   

Fig 11: Induction motor characteristics with switch short mitigation   

Induction motor characteristics stator current, speed and 
torque were shown in figure 11. Before fault, stator current is 
at constant peak of 40A, speed maintained at 1500 RPM with 
torque at 20 Nm. After fault mitigation, with distortions at 
0.25 seconds, speed and torque are restored to constant value.   

V. CONCLUSION 

Induction motor drive is been widely used due to its 
superior robust construction and fine characteristics in speed 
and torque. Induction motor fed from multi-level inverter 
possesses advantages over other types to obtain better speed 
control. Faults are very common in occurrence and mitigation 
of fault is important to restore the induction motor 
performance. A simple algorithm is proposed in this paper to 
identify the fault and to mitigate open and short type of faults. 
Algorithm is found to be effective in mitigating open and short 
fault condition in inverter by controlling asymmetrical PWM 
pulses to inverter. Though the performance of induction motor 
is reduced slightly, continuous supply is supplied to induction 
motor drive. Simple algorithm proposed increases the 
reliability of the motor drive.  
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