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Abstract- Squirrel cage induction motors are the best preferred AC motors for many industrial applications. Variable 
frequeny drive systems are used for variable speed operation of the motor. There are chances for different types of faults in 
the drive part which will severely affects the system performance. Switching fault analysis of three phase induction motor 
drive system is very helpful for the design of the fault detection algorithm. In this paper, several results under different 
switching fault conditions are presented for effective analysis. Entire system is modeled and simulated in Maxwell and 
Simplorer. 
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I. INTRODUCTION 
 
Reliability is an important factor for any machine 
used in industries. Since three phase induction motor 
drives are widely used in industrial applications, fault 
free operation is of more concern for such motors. 
Fault free operation of the power electronic 
components is necessary for fault tolerant, reduced 
cost and efficient operation. When any one of the 
faults occurs, it will affect the whole system. System 
performance is affected for unspecified time until the 
faulty component is replaced. Hence system 
monitoring and identification of the faults at the early 
stage is essential.  
Different types of faults occurring on the drive part 
are generally termed as switching faults. Main 
classification of switching faults are the faults 
occurring in the rectifier part, faults occurring on the 
DC link capacitor ,faults occurring on the inverter 
side[1]. The rectifier faults can be either short circuit 
fault or open circuit fault[2]. In most of the short 
circuit cases, shut down of the system is required 
[3].Similarly in inverter side , even though short 
circuit faults are more prone to occur , open circuit 
faults also require careful analysis because it leads to 
secondary faults in other semiconductor devices[4] 
.The percentage of occurrences of these faults varies 
as DC link capacitor 60%, power transistors 31%, 
inductive elements 6%, diodes 3%. [5].  
Many algorithms focus on a single specific fault. 
Many researches have been done on the inverter 
faults [6]- [9] . But all types of switching faults in a 
single machine are less investigated. The aim of this 
paper is to analyze all the possible types of switching 
faults in the drive system. This analysis is essential 
for the accurate detection of faulty conditions which 
when left unnoticed will result in severe damages for 
the system. Motor current signature analysis is the 
most widely used method for fault analysis because in 
motor current signature analysis (MCSA), electrical 
and mechanical faults can be detected with low-cost 
sensors [10]. The work done in this paper is explained 

in four phases. The first part deals with different 
types of switching faults, it’s causes and effects . 
Second part is the variable frequency drive system. 
Third part is the three phase induction motor design. 
Switching fault analysis results are explained in the 
fourth part. 
 
II. REASONS FOR DIFFERENT SWITCHING 
FAULTS 
 

 
Fig.1.Induction motor drive system showing possible drive 

faults 
 

Over current surges and voltage over swings are the 
main reasons for failure of power electronic 
components. Rectifier diode open circuit fault is 
produced by electrical overstresses due to stored 
charges, maximum reverse current and applied 
reverse voltages. Total breakdown faults and growing 
faults are the two types of DC link capacitor faults. 
Blown fuse of the capacitor produces breakdown 
fault and it results in shut down of the converter. 
Aging of capacitor is the main cause of growing fault 
and increasing internal series resistance (ESR (i)) is 
given by 

 
A gate-drive open-circuit fault occurs due to lifting of 
bonding wires caused by thermic cycling and driver 
fault[11]. Another commonly found fault is the IGBT 
short circuit fault. This produces extreme stress on 
the inverting switching devices. Hence this type of 
faults must be detected at the initial stage . Otherwise 
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it would lead to complete shutdown of the system. In 
order to prevent the high short circuit current from 
destroying the healthy device , the base drive to the 
healthy transistor of the same phase leg should be 
immediately suppressed to avoid the shoot-through 
fault. 
 
III. VARIABLE FREQUENCY DRIVE SYSTEM 
 
Variable frequency drive system consists of an 
uncontrolled rectifier , DC link capacitor and a PWM 
controlled IGBT inverter . The three phase AC supply 
is rectified to DC using the uncontrolled rectifier . A 
DC link capacitor is used for smoothening the 
waveform . The dc capacitor voltage is used as input 
for the PWM controlled IGBT inverter. In PWM 
control, a high frequency carrier wave is compared 
with a 50 Hz modulating wave [12]. 
 
IV. THREE PHASE INDUCTION MOTOR 
MODEL 
 
Maxwell software is used to develop the three phase 
induction motor. Motor is developed from the basic 
design equations [13],[14]. A 5 hp , 400 V, 50 Hz 
motor is taken. Assumptions taken are full load 
efficiency = 0.83; power factor = 0.84 ;specific 
magnetic loading Bav = 0.45Wb/mm2; specific 
electric loading ac = 23000A/m; winding factor Kw= 
0.955. 
Machine parameters like power factor, Iron loss, 
overload capacity etc determines the average flux 
density and ampere conductor per metre is 
determined by copper loss, temperature rise, voltage 
and overload capacity. Efficiency and power factor is 
selected based on the frequency of motor selected. 
Here values are selected corresponding to 50hz 
machine. 
 
A. Main Dimensions 
Using the output equation for KVA(ᆱ), main 
dimensions are found out. 

 
 

By solving Armature diameter, D = 0.1186m Stator 
core length, L = 1.1781*0.1168=0.1397m Pole pitch , 
τ = 0.09127  
Stator is provided with a radial ventilating of 10 mm 
since the core length exceeds 100 to 125 mm limit.  

 
 
B .Stator Design 
A Delta connected three phase induction motor is 
used. 

 

 
Current density = 4A/mm2 
Diameter of insulated conductor is found out as , d = 
1.35 mm  
A space factor of 0.4 is chosen for designing the  lots. 
Chosen tooth width = 5mm. Other assumed 
parameters are Lip = 1 mm; Wedge = 3 mm Bottom 
width is obtained as 9.888 mm Depth of slot dss is 
calculated as 21.016+ 4 = 25.016 mm = 26 mm  

 
Outer diameter of stator laminations are calculated as  

 
 
C. Rotor Design 

 
Selection of rotor slots is made by the following 
criterions  
 Number of rotor slots and stator slots shouldn’t 

be equal and the difference should not be equal 
to 1,2, (p ± 1),(p±2) 

 To avoid synchronized cusps, difference between 
stator slots and rotor slots is made other than p, 
2p, or 5p. Similarly magnetic locking is avoided 
by making the difference a value other than 3p.  

Number of rotor slots is taken as 26.  
Current in each rotor bar is calculated by the 
equation,  

 
Here the number of stator phases is denoted as ms 
and kws is the winding factor I ' r is given by I ' r = S 
I cos  Width of rotor slot Wsr is obtained as 7+0.3 
= 7.3mm and depth of rotor slot dsr is 8+0.3+1+1 = 
10.3mm The bars are skewed by one slot pitch and 
length of each rotor bar after skewing is,  

 
End ring dimensions are given by depth=12mm & 
thickness=8 mm. 
V. SWITCHING FAULT ANALYSIS 
 
Induction motor model is developed from basic 
design equations in Maxwell software. Variable 
frequency drive system developed in Simplorer is 
coupled with the machine. Different types of 
switching faults are introduced to the drive part by 
the help of breaker switches. DC link voltage , stator 
currents , machine speed etc are taken for analysis. 
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Fig.2. Induction motor drive system-simulation model 

 
Fig.3.shows the DC link capacitor voltage under 
normal condition. DC Capacitor has a voltage value 
of 565 V. 
 

 
Fig.3.DC link voltage under normal condition 

 
Fig.4.shows the stator current waveforms . Here the 
starting current is 25 A and after some time the 
current maintain a constant value of 5A. 
 

 
Fig.4.Stator currents under normal condition 

 
Fig.5. shows the inverter output line voltage 
waveforms . Inverter has an output voltage of 400 √3 
V. 
 

 
Fig.5.Line voltage under normal condition 

 
Fig.6.Speed variation under normal condition 

 
Speed variation of induction motor drive system 
under normal condition is shown in fig.6. Starting 

from initial zero value , speed reaches the steady state 
value after 0.5 sec. 
In switching fault analysis, open circuit faults are 
more challenging to detect. Here, open circuit fault 
(F1) is introduced in to the system by the help of 
breaker switches which is connected in series with the 
rectifier diode,D1. Initially switch is closed and after 
0.6 seconds switch is changed to open position. 
 

 
Fig.7.DC link voltage under fault F1 

 
Fig.7. shows the DC link capacitor voltage under 
fault F1. Voltage is slightly reduced due to rectifier 
open circuit fault. 
 

 
Fig.8.Stator currents under fault F1 

 
Fig.8. shows the stator current waveforms during 
rectifier open circuit fault condition. Fluctuations are 
more in the stator current as a result of open circuit 
fault. 
 

 
Fig.9.Speed variation under fault F1 

 
Speed variation of induction motor drive system 
under fault F1 condition is shown in fig.9. Speed is 
slightly reduced. During open circuit fault condition, 
machine continues to work with degraded 
performance. 
The rectifier diode short circuit fault (F2) is added to 
the system by using a parallel connected breaker 
switch. Initially the switch is in open condition and it 
is closed at 0.6 sec. 
Fig.10. shows the DC link capacitor voltage output 
under fault F2 condition. DC Capacitor voltage value 
has a large reduction from its normal value. 
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Fig.10.Dc link voltage under fault ( F1) 

 
Fig.11.shows the stator current waveforms . Here the 
current magnitude and fluctuations in the waveform 
increases after 0.6 ie the instant at which fault is 
applied. 
 

 
Fig.11.Stator currents under fault F2 

 

 
Fig,12.Line voltage under fault F2 

 
Fig.12. shows the inverter output line voltage under 
fault F2. Line voltage is also reduced due to the short 
circuit. 
Speed variation of induction motor drive system 
under F2 fault condition is shown in fig.13. Speed is 
gradually reduced to zero. 
 

 
Fig.13.Speed variation under fault F2 

 
The DC bus earth fault (F3) is created by closing the 
breaker switch which connects the DC bus to earth. 
 

 
Fig.14.DC link capacitor voltage under fault F3 

 

Fig.14. shows the DC link capacitor voltage under 
fault F3. Voltage is slightly reduced due to the earth 
fault. 
 

 
Fig.15.Line voltage under fault F3 

 

 
Fig.16.Stator currents under fault F3 

 
Fig.16.is the stator current waveforms motor under 
earth fault condition. More pulsations are produced in 
the waveforms. 
 

 
Fig.17.Speed variation under fault F3 

 
Fig.17.shows the speed variation of motor under the 
earth fault condition . Speed is slightly reduced due to 
the fault. 
For analyzing the system performance under DC 
capacitor short circuit fault (F4), a breaker switch is 
connected parallel to the DC link capacitor. 
 

 
Fig.18.DC link capacitor voltage under fault F4 

 
Fig.18.shows the DC link capacitor voltage and 
corresponding line voltage is shown in fig.19. Due to 
DC link capacitor short circuit fault, the DC bus 
voltage across the capacitor is decreased to zero and 
corresponding inverter output voltage is also equal to 
zero. 
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Fig.19.Line voltage under fault F4 

 

 
Fig.20.Stator currents under fault F4 

 
Fig.20. shows the stator current variaton during 
capacitor short circuit fault and it’s speed response is 
shown in fig.21. Machine is going to standstill 
condition during this fault. 
 

 
Fig.21.Speed variation under fault F4 

 
Other major types of faults occurring on the drive 
part are the IGBT faults. IGBT open circuit fault(F5) 
is simulated by connecting a breaker switch in series 
with the IGBT Q1. Switch is initially kept closed and 
at 0.6 switch position is changed to open condition. 
 

 
Fig.22.DC link capacitor voltage under fault F5 

 
Fig .22.shows the dc link capacitor voltage under 
fault F5. Fig.23.shows the stator current waveforms. 
During open circuit condition, phase A conduction is 
through the diode D1. D1 connects the phase A of 
induction machine to DC rail. After fault , phase A 
voltage becomes negat ive. This leads to unbalance 
supply voltage condit ion. 

 
Fig.23.Stator currents under fault F5 

 

 
Fig.24.Speed variation under fault F5 

 
Speed variation under IGBT open circuit fault 
condition is shown in Fig.24.More fluctuations are 
introduced in the speed waveform.  
IGBT short circuit fault (F6) is the another type of 
major fault in induction motor drive system. IGBT 
short circuit fault is introduced by closing the breaker 
switch which is connected parallel to the IGBT Q1. 
Switch is closed at 0.6 seconds. 
 

 
Fig.25.DC link voltage under fault F6 

 

 
Fig.26. Stator currents under fault F6 

 
In this condition, the fundamental values of three 
phase pole voltages are: 
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All the phase voltage consists of significant DC 
component term which introduces a DC current term 
in the phase currents. A stationary magnetic field is 
produced in the machines due to this dc current and it 
is dominant over the rotating fundamental magnetic 
field and thus braking torque is produced .Hence 
motor speed drops sharply. Speed variation under 
IGBT fault condition is shown in fig.27 
 

 
Fig.27.Speed variation under fault F6 

 
From the waveforms , it is clear that this type of fault 
introduces a high degree of severity. 
 
CONCLUSION 
 
Since three phase induction motors are mostly 
subjected to different types of faults due to their wide 
use, here a squirrel cage induction motor is taken for 
switching fault analysis. Induction motor is 
developed in Maxwell which is coupled to the drive 
part developed in Simplorer. Different kinds of 
switching faults are introduced using breaker 
switches. From the analysis, it can be derived that 
short circuit faults are more severe and open circuit 
faults are difficult to detect. In open circuit fault, 
system performance is degraded and it leads to 
further failures if operated for long time. The 
obtained results can be used for developing fault 
detection algorithm for detecting the faults in the 
initial stage. 
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