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IN INVERTER DRIVEN INDUCTION MOTOR DRIVES BY TIME 

DOMAIN TECHNIQUE

By

ABSTRACT

These days, the induction motor driven by inverter, drives are being popular and used in the industries for variable speed 

applications with very competitive pricing. In this paper, a new dynamic pulse width modulated inverter fed squirrel 

cage induction motor simulation model is used for the stator inter-turn winding fault detection purpose. Through the 

proposed model, the transient behavior of the induction motor has been analyzed for healthy as well as for stator inter-

turn faulty conditions by time domain approach. Therefore, early, stator inter-turn fault diagnosis is possible and may 

avoid the motor to reach in the catastrophic conditions. Therefore, may save large revenues for industries.
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circuits and leads, ground faults. In addition to external 

motor faults such as, phase failure, asymmetry of main 

supply and mechanical overload, are likely to takes place 

sooner or afterward. Thus, an efficient approach is still 

required for monitoring electrical machine components 

stipulation and has received significant attention for many 

years [2,7].

In the past, the induction motor directly operated to 

sinusoidal main lines is used in various constant speed 

applications. These machines suffered from various faults 

and researchers used various signal processing 

techniques to diagnose many faults for these kind of 

drives. The researchers used current signature analysis 

technique for many induction motor fault diagnosis 

purpose. This is termed as Motor Current Signature Analysis 

(MCSA) technique. They have used many signal 

processing techniques for fault diagnosis purpose such as 

Fast Fourier Transform, Short Term Fourier Transform, Hilbert 

Transform Wavelet Transform, etc [8,9,15,19,21].

Recently, the variable speed induction motor has gained 

a lot of importance in the industries. Many researchers 
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INTRODUCTION

Nowadays, diagnosis of stator winding inter-turn shorts has 

received substantial attention from industries and 

academia. This kind of faults may start as incipient turn-to-

turn defects and endure a longer period of time before 

they grow into a total insulation breakdown condition [1-

2]. The condition becomes inferior when induction motors 

are fed from inverter drives, which are due to the voltage 

stresses imposed by fast switching of the power 

semiconductors of such inverters. Therefore, such 

incipient winding faults will quickly progress to more severe 

faults, such as turn-to-turn, turn-to-ground, or phase-to-

phase faults, which will cause irrevocable damage to 

these cores and stator windings.

The induction machines are usually well premeditated 

and constructed to be robust, nevertheless, the possibility 

of incipient fault is natural in the machine due to the 

stresses involved in the conversion of electrical to 

mechanical energy or vice versa. Furthermore, internal 

motor faults occur such as, bearing and gearbox failures, 

broken rotor bars and cracked end rings, inter-turn short 
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modelled various types of inverter driven induction motors 

drives, and tried to minimize harmonics generated due to 

inverter. The inverter creates noise and also high switching 

frequency problem. Therefore, switching frequency has to 

be chosen very carefully [11,13-15,17]. For inverter driven 

induction motors, a lot of work has been done earlier and 

also significant work to be carried out in the future.

Many researchers used various softwares for induction 

motor fault diagnosis purpose. The main intention is of the 

researchers, to develop PWM inverter fed induction motor 

drives model, create and diagnose induction motor faults 

by varying some physical parameters as early as possible. 

If any fault occurs and not diagnosed timely, then the 

failure of the electric motor can cause substantial 

financial losses and even damage of the whole drive 

system [1-2,10,15,17].

The health monitoring and fault diagnosis of induction 

motor is extremely important in many industrial setup as 

fault in a single machine may have drast ic 

consequences. The induction machine poses a great 

challenge because of its fault diagnosis due to 

processing large and complex data. The fault in an 

induction machine may lead to excessive downtimes 

that can lead to enormous losses in terms of preservation 

and fabrication. Thus, large research efforts are being 

published to develop various methods of fault diagnosis 

as summarized in [6,11,18-19].

A comprehensive review of health monitoring and fault 

diagnosis techniques can be found in [11]. It has been 

observed that, the stator faults are responsible for 37% of 

the induction motor failures and after the bearing faults 

are the most recurrent reasons of the induction motor 

damages [17]. 

Among the total induction motor faults, around 30-40% 

are related to the stator winding insulation and core. It is 

also seen that, a large portion of stator winding related 

faults are initiated by insulation failures in several turns of a 

stator coil within one phase [5,7]. Among the possible 

causes, thermal stresses are the main reason for the 

degradation of the stator winding insulation. Generally, 

stator winding insulation thermal stresses are categorized 

into three types: aging, overloading and cycling [3]. The 

contamination of the insulating materials used in the 

induction machines, combination of thermal overloading 

and cycling, transient voltage stresses, mechanical 

stresses, etc., are the other possible reasons for the 

deterioration of the insulation. Electrical stresses, mainly 

related to the machine terminal voltages, also cause 

insulation degradation. Among the various electrical 

stresses, Partial Discharges (PDs) in the windings and 

transient voltages at the machine terminals are 

considered as the major contributors [21].

The stator winding related failures can be broadly 

classified into the following four groups: open-circuit 

faults, turn-to-turn, line-to-ground, line-to-line, and single 

or multi-phase winding. Among these failure modes, turn-

to-turn faults (stator turn faults) have been considered as 

the most challenging one, since other types of failures are 

usually the consequences of turn faults. It can be seen 

that among the faults, the inter turn faults are the most 

difficult fault to detect at an early stage itself. To solve the 

difficulty in detecting turn faults, several methods have 

been suggested [6-10,12]. Because of this, remarkable 

improvements have been achieved in the area of stator 

turn fault detection.

In the last three decades, various models and faults 

diagnostics techniques have been presented by the 

researchers for stator faults. They have diagnosed various 

faults of induction motor such as, inter-turn, open winding 

and short winding fault, etc., by different signal processing 

techniques for constant speed induction motors 

[2,4,6,7,10,20,22]. 

In the past, it has been seen that, many researchers 

proposed various inverter driven induction motor models, 

but those models always create harmonics in the current 

and voltage due to high switching frequency of the 

inverter. Consequently, disturbs main line [13,17]. 

Therefore, in the present paper, an attempt is making to 

solve the above problem by using PWM inverter with most 

appropriate calculated switching frequency and 

successfully minimized harmonics. The complete details 

of the proposed model is given in [1].
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Sergio and marques proposed a direct torque control 

induction motor model reported in [5], they have 

diagnosed stator inter-turn short circuits for line connected 

induction motor by motor current signature analysis 

technique. The authors used strong third harmonic of the 

supply currents for fault diagnosis purpose.

Sahraoui et al. [6] presented a mathematical model for 

inter-turns short circuits. They have diagnosed the stator 

winding faults in the presence of broken rotor bars or axial 

eccentricity. They have used spectral components of 

motor current for fault diagnosis purpose.

Siddiqui et al. [1,15,17,22] proposed different inverter 

driven induction motor models and diagnosed rotor bar, 

bearing and stator inter-turn faults of the induction motor 

by different motor parameters.

Tallam et al. [10] developed a transient model for an 

induction machine with stator winding turn faults. They 

derived the model using reference frame transformation 

theory. They have used motor current fault diagnosing of 

stator winding fault severity.

G. Jagadanand et.al.[24] has diagnosed stator inter-turn 

fault of the induction motor by wavelet transform 

decomposition technique. Authors have done simulation 

and experimental analysis for diagnosing the inter-turn 

fault of the induction motor. Even authors tried to 

diagnose inter-turn fault efficiently but by this proposed 

simulation model, and also by this proposed approach, it 

is difficult to diagnose the fault in the transient variable 

load conditions. 

In this paper, a new PWM inverter fed induction motor has 

been proposed and diagnosed for the stator inter-turn 

fault in the transient condition. Through the model, the 

time domain analysis for healthy as well as for stator faulty 

condition of the motor is done for variabl load conditions.

1. Objective of the Study

In the past, many researchers diagnosed various 

induction motors faults by different health monitoring 

techniques. But, it has widely been observed that the 

motor current signature analysis technique is used for 

diagnosis of many induction motor faults such as, rotor 

broken bar fault, bearing fault, stator fault, airgap 

eccentricity fault, and load fault  with competitive pricing. 

This technique does not use costly sensors rather it uses 

only the current transformer which is already installed in 

the drives protection part. 

In the last decade, researchers diagnosed many 

induction motor faults by digital signal processing based 

transformative techniques and extracted the useful 

information from the time domain raw signal. But they 

diagnosed those induction motor faults which are directly 

operated with the main line. They have used fast Fourier 

Transform, Hilbert transform, Short term Fourier transform 

and Wavelet transform techniques. 

In the present time, the inverter driven induction motors 

are being popularized in the industries for variable speed 

applications. This drives are replacing thyristor bridges and 

DC motors day - by - day. But, the inverter driven induction 

motor drives face noise and high switching frequency 

problem and consequently disturbs the main line. 

Therefore, one must choose correct switching frequency 

for minimizing harmonics.  

In this paper, the authors have proposed a dynamic 

accurate inverter driven induction motor model and 

diagnosed the stator inter-turn fault by time domain 

technique. In future, researchers will use these time 

domain raw signals and will try to extract important 

information regarding the fault and may be able to 

diagnose faults in steady state as well as transient 

conditions.  

The main objective of this research paper is to propose an 

inverter driven model and from that model to diagnose 

stator inter turn fault by time domain technique. This 

research paper will give foundation to other researchers 

and also will boost up for diagnosing other induction 

motor faults by other digital signal processing techniques 

for variable speed induction motor drives. 

2. Mathematical Modelling of Healthy and Stator Inter-

turn Faulty Conditions of the Motor

The equations of healthy as well as faulty stator inter-turn 

conditions of the motor are given as follows.

2.1 Mathematical Modelling for Healthy Condition of 

the Motor
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Following assumptions have been considered for 

modelling of the induction motor. The Stator windings are 

sinusoidally distributed and the windings are displaced at 

120 degree, stator windings are identical, N  is the number s

of turns and R  is the resistance per phase. In this current s

case study, the rotor windings are also assumed as three 

identical sinusoidally distributed windings, displaced at 

120 degree with N  as equivalent turns and R  as resistance r r

per phase. The state of operation remains fine 

underneath the magnetic saturation. 

The voltage equations in machine variables may be 

expressed as, 

(1)

(2)

In the equations 1 and 2, the subscript 's' and 'r' stands for 

the variables and parameters associated with stator and 

rotor circuits respectively. Both R  and R  are diagonal s r

matrices with equal non zero elements. V and i are the 

voltage and current, λ is the flux linkages and p is the 

differential operator. For a magnetically linear system, the 

flux linkages may be expressed as,

(3)

(4)

Since, the induction machine and power system 

parameters are always given in the per unit of a base 

impedance and it is extremely suitable to articulate the 

voltage and the flux linkage equations in terms of 

reactance rather than inductances. The voltage 

equations are written in the expanded form as follows,

(5)

(6)

(7)

(8)

(9)

(10)

where, λ= ψ/ωb,

The expression for the developed electromagnetic torque in 

the motor in terms of synchronous reference frame variables is 

given as, 

(11)

where, P is the number of poles of the motor.

(12)

where H,  T , T   are inertia constant, load torque and L f

frictional torque of the motor respectively.

(13)

where, P  and ω  are the base power and base speed of bb

the machine respectively.

The dynamic model of the healthy induction motor may 

completely be understood from the equations (1) to (13). 

This healthy mathematical model has been used to 

simulate in the recent Matlab / Simulink environment. 

2.2 Mathematical Modelling for Stator Inter-turn Faulty 

Condition of the Motor

The mathematical model is developed in the d-q-0 

reference frame and is used for the prediction of stator 

inter-turn fault of the squirrel cage induction motor. When 

an inter-turn short circuit occurs, as per the proposed 

model, the faulty phase will be split into two sub windings 

which is located along the same magnetic axis. 

Consequently, four voltage equations may be written for 

the stator windings. The assumption made in the simplified 

model is that, the distribution of leakage inductance 

between the two stator sub windings, originated by the 

development of the short circuit, is directly proportional to 

the square of the number of turns short circuited. Six 

voltage equations are representing the three stator and 

three rotor windings of the motor shall now be obtained by 

merging the two equations related to the winding 

affected by the fault into just one equation. In addition to 

this, a voltage equation related to the loop containing the 

fault is also developed to represent the faulty motor 

completely. All the stator and rotor voltages are then 
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transformed to d-q-0 reference frame and compared 

with the equations of a healthy machine. Also, the 

equations for the overall model can be written as the sum 

of normal supply voltages and the voltage due to the 

contribution by the fault. Equations (14) to (26) represents 

the final voltage equations for the stator and rotor 

windings, as well as the short-circuit current and the 

electromagnetic torque developed by the motor.

(14)

(15)

(16)

(17)

(18)

(19)

 Where,

(20)

(21)

(22)

and,

(23)
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Figure1. PWM Inverter Fed Induction Motor Simulation Model

 

Figure 2. Creation of Stator Inter-turn Fault
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(24)

The intensity of the fault ‘k' is the ratio of the number of 

shorted turns and the total number of turns in series per 

phase and i  is the fault current.f

In the faulty loop, the voltage equation is expressed as,

(25)

The electromagnetic torque may also be expressed as,

(26)

The equations (14) to (26) give the complete 

mathematical modeling of the faulty stator inter-turn 

condition.

3. Proposed Transient Model of the PWM Inverter Driven 

Induction Motor Drives

Nowadays, the force-commutated power electronics 

devices with induction motors are being used in variable 

speed applications. The induction motor fed by PWM 

inverter voltage sourced converter is rapidly replacing the 

existing techniques such as, DC motors and thyrister 

bridges. In this paper, the use of the Insulated Gate Bipolar 

Junction Transistor (IGBT) inverter fed into squirrel cage 

induction motor has been proposed. Since, it has been 

observed that, from the simulation analysis, the IGBT 

inverter shows superior characteristics over other power 

electronics inverter such as, an IGBT inverter fed induction 

motor model has been developed in the latest 

Matlab/Simulink environment. 

The 3 HP, 220V, 50Hz, 1430 RPM three phase squirrel cage 

induction motor with PWM inverter has been considered 

for healthy and faulty motor analysis purpose and is as 

shown in Figure 1. For producing PWM pulses, the base 

frequency of the sinusoidal reference wave and the  

triangular carrier's wave has been used. For this, the 

authors have used base frequency 50 Hz and triangular 

carrier wave frequency 1650 Hz. The triangular carrier 

wave corresponds to a frequency modulation factor of 33 

(50Hz×33=1650 Hz). The maximum time step has been 

restricted to 10 μs, because of relatively high switching 

frequency (1650 Hz) of the inverter. P.C. Krause and C.H. 

Thomas suggested in [16] that the frequency modulation 

factor should be an odd multiple of three and that value 

must be as high as possible for better performance of the 

machine.

A small external shorting resistor (0.1Ω) and fuse has also 

been used for stator inter-turn fault creation purpose in the 

simulation model. This small external resistance and fuse 

has been used with phase winding and externally short-
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(c)                                                          (d)                                                                       

Figure 3. Results in Healthy Condition at Full-Load, (a) Stator Current, 
(b) Rotor Current, (c) Rotor Speed, 

(d) Electromagnetic Torque
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Figure 4. Results in Faulty Stator Inter-turn Condition at Full-Load, 
(a) Stator Current, (b) Rotor Current, (c) Rotor Speed, 

(d) Electromagnetic Torque
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circuiting segments of the winding. In this analysis, the 

authors have done a general analysis of stator inter-turn 

fault. However, if, one want to do experimental analysis, he 

may use taps with the phase winding to enable 

“experimental mimicking” for incipient stator inter-turn 

faults. He will have to externally short-circuiting the winding 

by using external resistors of relatively small value. As a 

results, he may be able to diagnose many (1,2,3,4,5,6, 

etc, as indicated in Figure 2) inter-turn faults.

3.1 Simulation Results of Healthy Condition of the Motor 

for Full-Load

from Table 1 and Table 2

The line-to-line RMS voltage is expressed by the following 

equation, 

Therefore, 400V input DC voltage with a modulation factor 

of 0.90 yields the 220V RMS voltage, which is the nominal 

voltage of the used induction motor. 

The simulation results in healthy condition of the squirrel 

cage induction motor are as shown in Figure 3. Totally four 

motor parameters have been considered for the analysis 

of the induction motor. These parameters are stator 

current, rotor current, rotor speed and developed 

electromagnetic torque. 

Two healthy modes have been considered. First healthy 

mode is for standstill condition and second is for running 

condition, since the authors are focusing on transient 

analysis of the motor. 

Therefore, they also ought to be observing how motor is 

behaving in the running conditions. Firstly, for healthy 

mode of the motor, the slip is set at 1(s=1) with nominal 

mechanical load torque 15 N-m. Secondly, for running 

condition, the slip is set at 0.04 with same load torque and 

may be observed . These tables 

reveal the change in motor parameters in transient 

conditions for healthy as well as for stator inter-turn faulty 

conditions of the motor.

In the healthy condition, all the considered motor 

parameters have been reached in the steady state 

condition after 0.4s as shown in the Figure 3. The 

simulation model has been run only for 1s for clear 

revelation of the transient characteristics of the motor. 

Through the model, the stator winding fault analysis has 

been done for half load, full load and no-load conditions.

3.2. 

The healthy induction motor has been treated as the 

faulty motor in the Matlab/Simulink environment by 

varying some physical parameters such as, input DC 

voltage as well as slip. In this paper, stator inter-turn fault 

analysis has been carried out in time domain only for input 

DC voltage 460V and 470V. The obtained results for input 

voltage 460V have been compared with the results of 

healthy condition. After observing the waveforms of 

healthy and faulty conditions of the motor from Figure 3 

and Figure 4, it may be concluded that the obtained 

results are different. Because it is a non-invasive 

technique, it is considered that an efficient stator inter-turn 

fault detection has been carried out in the time domain.

In this model, the induction motor's over-voltage 

withstand capability is up to 450V. If further increment in 

the input voltage for long time, in the stator winding or 

stator core resulting in high temperature, then the 

insulation will break. This insulation breakdown of the 

winding leads to puncture the ground wall. Consequently, 

the inter short circuit of the stator winding will be taken 

place. It will create turn loss of the phase winding. After 

insulation breakdown, if we further increase the input DC 

voltage, other faults related to  stator winding will be taken 

place. On further increase in the input DC voltage high 

short circuit current flows and it will produce excessive 

heating, consequently inter-turn fault will take place. 

Since, high short circuit current flows in the inter-turn short 

circuit windings, it will initiate a negative MMF. This 

Simulation Results of Faulty Stator Inter-turn 

Condition of the Motor for Full-Load when DC Voltage is 

460V

RESEARCH PAPERS

Table. 1 Motor Signatures Variation for Healthy and Faulty 
Conditions of the IM at Full-load

MC LT(N-m) Slip DCIV(V) MTPSC(A) MTPRC(A) RS(RPM) MTPEMT(N-m) Vab(rms)

H-Y 15 1 400 95.66 86.17 1430
(RMF)

129.26 219.9

H-Y-F-L 15 0.04 400 86.76 79.80 1430 54.32 219.9

SITF 15 0.08 460 98.43 87.02 1380 82.54 252.9

SITF 15 0.08 470 100.56 88.89 1380 86.55 258.9

MC: Motor Condition, LT: Load Torque, DCIV: DC Input Voltage, MTPSC: Maximum Transient 
Peak Stator Current, MTPRC: Maximum Transient Peak Rotor Current, RS: Rotor Speed, 
MTPEMT: Maximum Transient Electromagnetic Torque

3
0.612

2 2
LLrms dc dc

m
V V m V=́ =́ ´ (27)
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negative MMF will reduce net MMF of the motor phase. 

Due to this reason, the airgap flux will change and it will 

produce harmonics in the line current. However, for the 

neat creation of the stator inter-turn fault, they have     

exceeded an over-voltage up to 470V. It is because, for 

inter-turn fault, the faulty current will be much higher than the 

rated current in the shorted path which will cause excessive 

heating. The changes in the motor parameters for healthy 

as well as faulty stator inter-turn conditions may be observed 

in Table 1.   

The analysis has been done for healthy standstill as well as 

healthy running conditions of the motor. For healthy 

standstill and running conditions, the slip is set 1 and 0.04 

respectively when constant load torque is kept same in 

both conditions. The first maximum transient peak has 

been observed for both healthy and faulty stator inter-turn 

conditions of the motor. The input voltage for both healthy 

conditions is set at 400V, the rotor is in standstill condition 

when slip is set at 1, and consequently, the speed of the 

Rotating Magnetic Field (RMF) reached in the steady state 

condition after 0.4 sec up to 1430 RPM. In this case, the 

rotor speed is observed to be zero as shown in Figure 2 in 

phase C. In this case, the motor speed reached 1430 

RPM, this is the rated speed of the used induction motor. 

This condition has been achieved when nominal input 

voltage is given to the machine. Now, the input DC 

voltage has been increased above the withstand limit of 

the motor keeping the load torque same. The healthy 

motor will be treated as stator inter-turn faulty motor. The 

increase in voltage overheated the motor so that, the 

motor will achieve the idle condition for long periods. 

From Table 1, it has been observed that the first maximum 

peak transient rotor speed is same for voltage 460V and 

470V i.e. 1380 RPM due to high switching frequency. It has 

also been observed from the Table 1 that, the first 

maximum peak electromagnetic torque is getting 

increased in the faulty condition as compared to the 

obtained electromagnetic torque in the healthy running 

condition. Therefore, overheating may cause motor stator 

inter-turn failure and we may say that efficient stator inter-

turn fault detection has been completed for full load 

conditions in the time domain by the proposed model.

3.3. 

The results of healthy and stator inter-turn faulty conditions of 

the motor for no-load is as shown in Figure 5 and Figure 6. It has 

been observed that, all the considered motor parameters 

reached in the steady state conditions after 0.4s like full-load. 

But, if we compare the obtained values of no-load condition 

from the values obtained from the full load condition, the 

values are different. For healthy no-load standstill condition, 

the RMF value is 1500 RPM. For no-load running condition, the 

Simulation Results of Healthy Condition of the Motor for 

No-Load
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Figure 5. Results in Healthy Condition at No-Load,(a) Stator Current, 
(b) Rotor Current, (c) Rotor Speed, 

(d) Electromagnetic Torque
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Figure 6. Results in Faulty Stator Inter-turn Condition at No-Load, 
(a) Stator Current, (b) Rotor Current, (c) Rotor Speed, 

(d) Electromagnetic Torque
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slip is set s=0.04 then the rotor speed has been obtained and 

to be 1500 RPM. The corresponding changes in the motor 

signatures under no-load condition for healthy as well as faulty 

conditions are as shown in Table  2.

3.4 Simulation Results of Faulty Inter-turn Condition of the 

motor of No-Load for DC voltage 460V

From Figure 6, it has clearly observed that, the transient state of 

the motor has completely been disturbed and 

correspondingly, changes in motor signatures for no-load are 

as shown in Table  2, for both healthy and stator inter-turn faulty 

condition. The nominal load torque is kept constant i.e. 0 N-m 

for no-load condition. The analysis has been carried out for 

healthy condition of the motor when slip is set at 1 and other 

healthy running condition of the motor for full load when slip is 

set at 0.04. The first maximum transient peak has been 

observed for healthy and faulty conditions of the motor. The 

input DC voltage in the healthy condition is set at 400V. When 

the slip is set at 1, the rotor is in standstill condition and the 

motor speed reached the steady state condition after 0.4 sec 

upto 1500 RPM. Therefore, in the healthy running condition of 

the motor, the rotor speed is reached at 1500 RPM after 

0.4s. This condition has been achieved when there is no 

over voltage applied on the machine.

Now, input voltage is increased above the prescribed limit 

and the load torque constant is kept i.e. 0 N-m under no-

load condition. Since, the safety factor of the stator 

winding insulation will lost for more than 450 input DC 

voltage. Therefore, for creation of stator winding fault, the 

authors have done analysis for 460V or more than 460V.  

Therefore, the healthy motor will now be treated as faulty 

motor. 

From Table 2, it has been observed that, the first maximum 

peak transient rotor speed is same for voltage 460V and 

470V i.e. 1485 RPM due to high switching frequency. It has 

been seen that, when there is increase in input DC voltage 

above the prescribed limit, then losses of the motor rises 

rapidly, the consequently rise in total harmonic distortion. 

As a result, more heating will take place and failures the 

winding. 

Since, this is a non-invasive technique of the incipient 

stator fault detection. Therefore, the results obtained in the 

transient condition for healthy as well as faulty condition 

ought to be different and they have obtained expected 

results. Therefore, it may clearly concluded that, efficient 

stator inter-turn fault detection has been done by the 

proposed model with time domain analysis for no load 

The inter-turn stator fault analysis has been done under no-

load conditions for input DC voltage 460V and 470V. All 

the motor parameter's first transient peak is decreased 

except electromagnetic torque. The first maximum peak 

electromagnetic torque is getting increased in the faulty 

condition as compared to the obtained electromagnetic 

torque in healthy running condition. Therefore, efficient 

stator inter-turn fault detection has been done for no-load 

conditions in time domain.

RESEARCH PAPERS

Table 2. Motor Signatures Variation for Healthy and 
Faulty Conditions of the IM at No-load

15 400 95.66 86.17 1430 129.26 219.9

15 420 100.43 90.55 1437 142.13 230.9

15 440 105.20 94.69 1442 155.58 241.9

15 450 107.58 97.21 1445 162.52 247.4

LT(N-m) DCIV(V) MTPSC(A) MTPRC(A) RS(RPM) MTPEMT(N-m) Vab(rms)

Table. 3 Motor Signatures Variation With DC Input 
Voltage in Healthy Condition

MC LT(N-m) Slip DCIV(V) MTPSC(A) MTPRC(A) RS(RPM) MTPEMT(N-m) Vab(rms)

H-Y

H-Y-F-L

SITF

SITF

0 1 400 95.46 87.20 1500
(RMF)

128.17 219.9

0 0.04 400 86.97 80.33 1500 50.28 219.9

0 0.01 460 101.20 95.17 1485 63.50 252.9

0 0.01 470 103.21 97.22 1485 67.12 258.9
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Figure 7. Stator Current Parameter, (a) Healthy Condition,
(b) Full-Load Faulty Condition, (c) Half-Load Faulty 

Condition, (d) No-Load Faulty Condition
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condition also.

The transient variation in motor parameters in healthy 

condition is shown in Table 3. From Table 3, it has been 

observed that, the considered motor signatures or 

parameters are varying with the input DC voltage. It has 

clearly been observed that, if the input DC 

increased above 450V, then the safety factor of the stator 

winding has been lost. Therefore, the over voltage 

withstand capability has lost and insulation failure, 

consequently, stator winding has been damaged. In this 

analysis, the stator inter-turn fault created when input DC 

voltage V (DC) = V (DC) + 60 and V (DC) = V (DC) + 70. in in in in

The calculated over voltage has been applied for 

creating stator-inter-turn fault, where, V (DC) is the input in

applied DC voltage. 

Voltage is 

Therefore,  by this model, stator inter-

turn fault has been diagnosed efficiently in the transient 

condition.

In the past researches, the Motor Current Signature 

Analysis (MCSA)   technique   has   been   used   for   

different induction motor fault diagnosis purpose. Many 

researchers diagnosed various induction motor faults for 

those drives which are directly started with sinusoidal 

power line. They have successfully used many signal 

processing techniques for fault diagnosis purpose. 

Therefore, MCSA technique is used for stator inter-turn fault 

diagnosing purpose in the half load, full load and no load 

conditions for inverter driven induction motor drives. 

Moreover, only time domain analysis has been done for 

healthy as well as faulty conditions of the motor. It has 

been observed from the Figure 7(a-d), all four diagrams 

are different from each other. Observe first, second and 

third maximum peak in the Figure 7(b,c,d). From these 

figures, we may observe difference in the waveforms. Due 

to the non-invasive nature of the waveforms, the efficient 

stator inter-turn fault detection has been done by this 

method. However, this time domain fault diagnosis 

method having limited capability and does not give 

frequency or time-frequency information. But, in many 

applications, it may require to have frequency or time-

frequency information. Therefore, the upcoming 

researchers may use these parameters and may apply 

different signal processing techniques such as, Fast 

Fourier Transform, Short Term Fourier Transform,  Wavelet 

Transform, etc. They may be able to diagnose many 

induction motor faults by this model in transient as well as 

steady state conditions. They will have to apply these 

techniques very carefully because of the inverter's high 

switching frequency which might not be easy. One must 

be having good understanding of the whole power 

system as well as the interactions among its parts one 

another (power line-frequency inverter-induction motor-

load).

4. Recommendation of the Study

In this study, only stator inter-turn fault has been diagnosed 

by time domain technique with a proposed model. The 

time domain technique does not differentiate healthy as 

well as faulty stator inter-turn conditions for variable load 

efficiently and diagnosing the faults by this technique is a 

very tedious task. But, if anybody wants to diagnose any 

induction motor fault by digital signal processing based 

transformative techniques, one must be having time 

domain signal because from that time domain signal, we 

can extract important information of the fault [14,15, 23]. 

The time domain signal does not give at what time which 

frequency exists and also does not give time-frequency 

information.  Therefore, in this work, a transient model is 

given and diagnosed stator inter-turn fault in the transient 

condition by the time domain technique. For frequency 

and time-frequency information, the Fast Fourier 

transform and for the time-frequency information, 

wavelet Transform technique should be preferred.  By 

frequency domain technique, one may be able to 

diagnose the stator inter-turn fault for constant load 

steady state condition if Hanning window function is used. 

If they want to diagnose this fault in the transient variable 

load conditions, the Wavelet transform technique should 

be preferred and it is also recommended to use 

Debauchee's wavelet.

Conclusions

In this paper, the squirrel cage induction motor, driven by 

the PWM inverter model has been proposed. The 

proposed simulation model has been used to diagnose 

incipient stator inter-turn fault in the transient condition by 
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time domain analysis. The time domain analysis 

technique has been used to diagnose stator inter-turn 

fault for various loads in the transient condition. The main 

focus of the research paper is to create stator inter-turn 

fault in the model and their analysis in time domain, when 

motor is running in the Variable-load conditions. The 

obtained simulation results have satisfied the non-intrusive 

condition of the waveforms. Finally, it may be concluded 

that for other induction motor faults, MCSA is suitable but 

also for stator fault at constant or varying load conditions, 

the use of advanced DSP techniques such as, Fast Fourier 

Transform, Wavelet transform, etc., should be preferred. 

Acknowledgements

The authors acknowledge the Technical Educational 

Quality Improvement Program Phase-II of Institute of 

Engineering & Technology (Dr. APJ Abdul Kalam Techical 

University), Lucknow, India for providing financial 

assistantship to carryout the research work.

References

[1]. K. M. Siddiqui, K. Sahay and V.K. Giri, (2014). 

“Simulation and Transient Analysis of PWM Inverter Fed 

Squirrel Cage Induction Motor Drives”. i-manager's 

Journal on Electrical Engineering, Vol. 7, No.3, pp.9-19.

[2]. T. A. Kawady, A. A. Afify, A. M. Osheiba and A. I. 

Taalab, (2008). “Modeling and Experimental Investigation 

of Stator Winding Faults in Induction Motors”. Electric 

Power Components and Systems, Vol. 37, No. 6, pp.599-

611. 

[3].  A.H. Bonnett and G.C. Soukup, (1992). “Cause and 

Analysis of Stator and Rotor Failures in Three-Phase Squirrel-

Cage Induction Motors”. IEEE Transactions on Industry 

Applications, Vol. 28, No. 4, pp.921-937.

[4]. B. Liang, B.S. Payne, A.D. Ball and S.D. Iwnicki,  (2002). 

“Simulation and Fault Detection of Three-Phase Induction 

Motors”. Journal on Mathematics and Computers in 

Simulation, Vol.61, pp.1-15.

[5]. Sergio M. A. Cruz and A. J. Marques Cardoso, (2004). 

“Diagnosis of Stator Inter-Turn Short Circuits in DTC 

Induction Motor Drives”. IEEE Transactions on Industry 

Applications, Vol. 40, No. 5,pp.1349-1360.

[6].  M. Sahraoui, A. Ghoggal, S. E. Zouzou, A. Aboubou 

and H. Razik, (2006). “Modelling and Detection of Inter-

Turn Short Circuits in Stator Windings of Induction Motor”. 
ndIEEE Industrial Electronics, IECON 2006 - 32  Annual 

Conference of IEEE, pp.4981-4986.

[7]. Jesper S. Thomsen and Carsten S. Kallesoe, (2006). 

“Stator Fault Modelling of Induction Motors”. SPEEDAM 

2006, International Symposium on Power Electronics, 

Electrical Drives, Automation and Motion, S9, pp.6-11.

[8]. Xu Bo-qiang, Li He-mhg, sun Li-hg, (2004). “Detection 

of Stator Winding Inter-turn Short Circuit Fault in Induction 

Motors”. International Conference on Power System 

Technology - POWERCON 2004, Singapore, pp.1005-

1009.

[9]. Andreas Stavrou, Howard G. Sedding, and James 

Penman, (2001). “Current Monitoring for Detecting Inter-

Turn Short Circuits in Induction Motors”. IEEE Transactions 

on Energy Conversion, Vol.16, No. 1, pp.32-37.

[10]. R. M. Tallam, T. G. Habetler, and R. G. Harley, (2002). 

“Transient Model for Induction Machines with Stator 

Winding Turn Faults”. IEEE Transactions on Industry 

Application, Vol. 38, No. 3, pp. 304-309.

[11]. K.M. Siddiqui, K. Sahay and V.K. Giri, (2014). “Health 

Monitoring and Fault Diagnosis in Induction Motor- A 

Review”. International Journal of Advanced Research in 

Electrical, Electronics and Instrumentation Engineering, 

Vol. 3, No. 1, pp.  6549-6565.

[12]. M. Dlamini, P.S. Barendse and A. Khan, (2013). 

“Autonomous Detection of Inter-turn Stator Faults in 

Induction Motors”. IEEE International Conference on 

Industrial Technology, pp. 1700-1705.

[13]. L. Frosini, E. Bassi and L. Girometta, (2012). 

“Detection of Stator Short Circuits in Inverter-Fed Induction 
thMotors”. 38  IEEE International Conference on Industrial 

Electronics Society (IECON-2012), pp.5102-5107.

[14].   T.W. Chua, W.W. Tan, Z.X. Wang and C.S. Chang, 

(2010). “Hybrid Time-Frequency Domain Analysis for 

Inverter-Fed Induction Motor Fault Detection”. IEEE 

International Symposium on Industrial Electronics, 

pp.1633-1638.

[15].  K.M. Siddiqui and V.K. Giri, (2012). “Broken Rotor Bar 

Fault Detection in Induction Motors using Wavelet 

RESEARCH PAPERS

li-manager’s Journal o  Electrical  Vol. 9  No. 3 2016ln Engineering,  - March January 30



Khadim Moin Siddiqui is a teaching-cum Research Scholar in the Department of Electrical Engineering, IET, Lucknow, India. He 
received his B.Tech degree in Electronics Engineering from Azad Institute of Engineering & Technology, Lucknow, India and  
M.Tech degree in Power Electronics & Drives from Madan Mohan Malaviya Engineering College, (presently Madan Mohan 
Malaviya University of Technology) Gorakhpur, India. He has published 25 International Journal papers and 11 papers presented 
in the Conferences. His research area of interest includes Electrical Machines, Fault Diagnosis and Health Monitoring.

Kuldeep Sahay is currently working as a Professor in the Department of Electrical Engineering, at an Autonomous Constituent 
Institute of Uttar Pradesh Technical University, Lucknow, India. He has authored numbers of Research Papers in National and 
International Journals having good citation and has published a book. His research interests are in the area of Mathematical 
Modeling of Energy Storage System, Integration of Renewable Energy System with Grid. He has been awarded “Shikha Rattan 
Puraskar” and “Rashtriya Gaurav” Awards by India International Friendship Society, New Delhi in 2011.

V.K. Giri is currently working as a Professor in the Department of Electrical Engineering at Madan Mohan Malaviya University of 
Technology, Gorakhpur, India. He obtained his B.E. Degree (Electrical) from SVNIT (erstwhile, SVRCET), Surat, Gujrat, India, and M.E 
(Measurement and Instrumentation) Hons. Degree from University of Roorkee, Roorkee, India and Ph.D. degree from Indian 
Institute of Technology Roorkee, Roorkee India. He has published more than 80 Research Papers, guided 14 PG students and is 
supervising 6 Ph.D. theses. He has received many awards including the best paper awards of the Institution of Engineers (India) in 

rd23  Indian Engineering Congress in year 2008. He was elected as a Fellow of the Institution of Engineers (I), Institution of 
Electronics and Telecommunication Engineers, and is a member of many professional bodies such as life member ISTE, 
member IEE and member CSI. His research interests include Digital Signal Processing, Condition Monitoring of Machines, 
Control and Instrumentation, Biomedical Instrumentation, ECG, Data Compression and Telemedicine.

ABOUT THE AUTHORS

RESEARCH PAPERS

Transform”. IEEE International Conference on Computing, 

Electronics and Electrical Technologies (ICCEET-2012), 

pp.1-6.

[16]. P.C. Krause and C.H. Thomas, (1965). “Simulation of 

Symmetrical Induction Machinery” IEEE Trans. on Power 

Apparatus and Systems, Vol.84, No. 11, pp.1038-1053.

[17].  K.M. Siddiqui, Kuldeep Sahay and V.K. Giri, (2015). 

“Modelling and Detection of Bearing Fault in SPWM 

Inverter Fed Squirrel Cage Induction Motor Drives”. Proc. 

IEEE Int. Conf. on Circuit, Power and Computing 

Technologies (ICCPCT), pp.1-9.

[18]. M.E.H. Benbouzid and G.B. Kliman, (2003). “What 

Stator Current Processing-Based Technique to use for 

Induction Motor Faults Diagnosis?”. IEEE Trans. Energy 

Conversion, Vol. 18, No. 2, pp. 238-244.

[19]. J.H.Jung, Jong-Jae, Lee and Kwon Bong-Hwan, 

(2006). “Online Diagnosis of Induction Motors using 

MCSA”. IEEE Trans.on Industrial Electronics, Vol. 53, No. 6, 

pp. 1842-1852.

[20]. D.T. Razafimahefa, E. Randrianarisoa, E.J.R. 

Sambatra and N. Heraud, (2014). “Modeling and Faults 

Detection of Small Power Wound Rotor Induction 

Machine”. International Conference and Exposition on 

Electrical and Power Engineering (EPE), pp.311-316.

[21]. O. Duque-Perez, D. Morinigo-Sotelo and M. Perez-

Alonso, (2011). “Diagnosis of Induction Motors fed by 

Supplies with High Harmonic Content using Motor Current 

Signature Analysis”. IEEE International Conference on 

Power Engineering, Energy and Electrical Drives 

(POWERENG-2011), pp.1-6.

[22]. Khadim Moin Siddiqui, Kuldeep Sahay and V.K. Giri, 

(2015). “Diagnosis of Stator Inter-turn Fault in Inverter Fed 
thInduction Motor Drives”. Proc. IEEE 4  Students 

Conference on Engineering and Systems (SCES-2015), 

Allahabad, India, pp.1-6 .

[23].Khadim Moin Siddiqui, Kuldeep Sahay and V.K. Giri, 

(2015). “Detection of Bearing Fault in Inverter Fed 
thInduction Motor by Transformative Techniques”. 12  IEEE 

Int. Conf. Proc. Electronics, Energy, Environment, 
3 3Communication, Computer, Control (E -C ), INDICON-

2015, NewDelhi, India, pp. 1-6 .

[24]. G. Jagadanand, L. Gopi, S. George and 

Jeevamma Jacob, (2012). “Inter-Turn Fault Detection in 

Induction Motor Using Stator Current Wavelet 

Decomposition”. International Journal of Electrical 

Engineering and Technology (IJEET), Vol.3, No.2, pp.103-

122.

li-manager’s Journal o  Electrical  Vol. 9  No. 3 2016ln Engineering,  January - March 31


	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37

