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Abstract  

The three-phase induction motor is well suited for a wide range of mobile drives, specifically for electric 

vehicle powertrain. During the entire life cycle of the electric motor, some types of failures can occur, with 

stator winding failure being the most common. The impact of this failure must be considered from the incipient 

as it can affect the performance of the motor, especially for electrically powered vehicle application. In this 

paper, the intern turn short circuit of the stator winding was studied using Fast Fourier transform (FFT) and 

Shor-Time Fourier transform (STFT) approaches. The residuals current between the estimated currents 

provided by the extended Kalman filter (EKF) and the actual ones are used for fault diagnosis and identification. 

Through FFT, the residual spectrum is sensitive to faults and gives the extraction of inter-turn short circuit 

(ITSC) related frequencies in the phase winding. In addition, the FFT is used to obtain information about when 

and where the ITSC appears in the phase winding. Indeed, the results allow to know the faulty phase, to estimate 

the fault rate and the fault occurrence frequency as well as their appearance time. 

 

Keywords: Induction motor, electrical vehicle, fault diagnosis, inter-turn short circuit, extended Kalman filter,  

spectral analysis, Fast Fourier transform, Short –Time Fourier transform. 

 
1. INTRODUCTION  

 

The need to reduce global warming, as a result of 

the Paris Agreement, the need for countries to 

achieve climate neutrality in the second half of the 

21𝑠𝑡 century has led to changes. One of these 

changes is certain ambitions such as reducing 

greenhouse gas emissions (GHGs), carbon dioxide 

(CO2) emissions, fuel consumption and other 

pollutants and diversifying the energy sources used 

[1,2,3]. Electrical Vehicle (EV) technology is among 

the promising solution for achieving some of these 

ambitions. Indeed, efforts are underway in a number 

of countries to boost the number of EVs in order to 

achieve the decarbonisation of the transportation 

sector [4, 5]. 
A common electric vehicle system consists 

mainly of three components: an electric drive train, 

a controller and power supply. The advancement and 

development of the electric vehicle are strictly linked 

to its electric drive train, and more specifically to the 

kind of electric motor involved. Popular motors for 

EVs applications are permanent magnet 

synchronous machines (PMSMs) or induction 

motors (IMs). The high expense of PMSMs, as well 

as their moderate power density render them less 

 
© 2023 by the Authors. Licensee Polish Society of Technical Diagnostics (Warsaw. Poland). This article is an open 

access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 
http://creativecommons.org/licenses/by/4.0/). 

appealing for EVs use. In contrast, the robustness 

over a wide speed range, simple to control, low 

maintenance cost, low price, small size and 

lightweight of induction motors make them an 

attractive choice for numerous EVs applications [6, 

7]. 

However, due to long term continuous operation 

or operating conditions, faults such as electrical, 

mechanical and magnetical faults can occur in the 

motor [8]. The short circuit fault in stator winding is 

the more common fault occurring in induction 

motors, accounting for approximately 38% of all 

faults [9]. The short circuit fault can cause serious 

problems in the electrical vehicle, it affects the 

reliability and motor operating safety, when it occurs 

a high circulating current and high heat are generated 

in the fault circuit [10, 11]. 

Early diagnosis of short circuits in induction 

motors is a crucial issue to correct the fault in time 

and avoid any damage. Considerable research and 

development efforts are devoted to ensuring vehicle 

performance and safety to avoid damage caused by 

faults, affecting the reliability and continuous 

operation of the drive system. 

For the development of an efficient diagnosis 

system, the main point is the identification of the 
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changes in the motor performance and behaviour 

induced by a fault. Usually, currents are used for 

fault diagnosis. However, there are methods that are 

based on other parameters like electromagnetic 

torque [12, 13], vibration signal [14] and mechanical 

speed [15]. 

Most studies focus on current analysis to detect 

inter turns short circuit fault in the stator winding. In 

[16], discrete wavelet transform is designed to 

analyse the currents to detect the ITSC in the first 

time and estimate the number of defective turns in 

faulty phase. FFT and fuzzy logic are applied in [17] 

based on the stator currents to detect the shorted 

phase winding. It is shown that the fuzzy logic is 

better than the total harmonic distortion when the 

faults currents is distorted. A linear inter-turn short 

circuit separation ITSC in a three-phase induction 

motor to identify short circuit is conducted in [18]. 

The authors noted through an analysis of the 

relationship between inductance and number of 

windings, that the current decreased slightly in the 

ITSC. 

However, there are few studies that have 

addressed this type of fault using the extended 

Kalman filter. Khayam Hoseini et al. [19] suggested 

a fault detection technique based on the difference 

between the estimated resistance and the normal 

condition resistance (residual signal) in Switched 

reluctance motors (SRMs) using EKF. IT is 

ascertained that the value of this ascertained residual 

signal can be utilized as an effective index for inter-

turn fault detection. An EKF and UKF used for fault 

detection and isolation of stator windings in 

permeant magnet synchronous generator (PMSGs) 

[20]. The resulting gains were outlined as fast and 

precise response compared to the time required to act 

in real time and robust estimation in the presence of 

process and measurement noise.  

This paper deals with the frequency analysis of 

the residual between the estimated currents by EKF 

and the actual currents, which allows to know the 

faulty phase and the frequency signature clearly. We 

have not encountered studies similar to ours. 

We applied the FFT to the stator currents for 

different short circuit rates to extract the frequency 

signatures related to the inter-turn short circuit fault. 

In order to improve our study, an Extended Kalman 

filter (EKF) is designed. A frequency study of the 

residual signals between the estimated currents by 

the EKF and the real currents was performed for 

different short circuit rates both without load and 

with the load. 

The FFT approach has some limitations because 

it provides only frequency data. To know the fault 

occurrence time, which is important in such an 

investigation, the Short–Time Fourier transform 

(STFT) is used to overcome this limitation. STFT 

displays a double dimensional window: frequency 

and time information. In addition, it yields the 

location of the fault in time while capturing the 

frequency information simultaneously [21]. 

This paper is organized as follows: Section 2 

presents both the behavior of induction motor, with 

inter turn short circuit, and the FFT current analysis. 

In section 3, an EKF is designed to estimate the states 

variables and the residuals analysis by FFT 

performed. Section 4 is devoted to STFT residual 

analysis results. Finally, some concluding remarks 

are given in section 5. 

 

2. INDUCTION MACHINE MODELING 

WITH INTER-TURN SHORT CIRCUIT 

FAULT AND ITS IMPACTS  

 

2.1. Induction machine model with inter turn 

short circuit faults 

The short circuit stator’s fault in induction motor 

can be modelled as a new winding added to the 

stator’s healthy winding, it depends by two 

parameters. This new winding has two parameters, 

which can give information about the location and 

ratio of the winding. Figure 1 illustrates an inter turns 

short circuits scheme of induction motor. 

 
Fig. 1. Scheme of the inter-turn short circuit 

fault stator in induction motor [19] 

 

The mathematical model under inter turn short 

circuit in dq reference frame are given by following 

equations [22, 23]: 

 {
�̇�(𝑡) = 𝐴(Ω)𝑥(𝑡) + 𝐵𝑢(𝑡)

𝑦(𝑡) = 𝐶𝑥(𝑡) + 𝐹(𝑡)𝑢(𝑡)
              (1) 

Where 𝑥 = [𝑖𝑑𝑠,  𝑖𝑞𝑠,  𝜑𝑑𝑟 ,  𝜑𝑞𝑟] 
𝑇 is the state 

variable with, 𝑖𝑑𝑠 and  𝑖𝑞𝑠 are the stator currents,  𝜑𝑑𝑟  

and  𝜑𝑞𝑟 are the rotor fluxes. 

𝑦 = [𝑖𝑠𝑑 𝑖𝑠𝑞]𝑇 are the vector of the measurable 

outputs. 

The matrices involved in model (1) are defined 

as follows 

𝐴 =

[
 
 
 
 
 
 −𝜍 𝜔𝑠

𝐾

𝜏𝑟
𝑃𝛺𝐾

−𝜔𝑠 −𝜍 −𝑃𝛺𝐾
𝐾

𝜏𝑟

𝑀𝑠𝑟

𝜏𝑟
0

−1

𝜏𝑟
𝜔𝑠 − 𝑃𝛺𝐾

0
𝑀𝑠𝑟

𝜏𝑟
−(𝜔𝑠 + 𝑃𝛺𝐾) −

1

𝜏𝑟 ]
 
 
 
 
 
 

    

                                                                (2) 
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𝐵 =

[
 
 
 
 

1

𝜎𝐿𝑠
0

0
1

𝜎𝐿𝑠

0 0
0 0 ]

 
 
 
 

                                                (3) 

𝐶 = [
1 0 0 0
0 1 0 0

]                                         (4) 

The mechanical speed Ω is the sollution of the 

following equation 

𝐽
𝑑Ω

𝑑𝑡
= 𝐶𝑒𝑚 − 𝐶𝑟 − 𝑘𝑓Ω                                   (5) 

with 

𝐶𝑒𝑚 = 𝑀𝑠𝑟(𝑖𝑑𝑠𝑖𝑑𝑟 − 𝑖𝑑𝑠𝑖𝑞𝑟)                           (6) 

Where  𝑀𝑠𝑟 is the mutual inductance (stator-

rotor), 𝑅𝑟 and 𝑅𝑠 are the stator and rotor resistance, 

respectively. 𝐿𝑠 and 𝐿𝑟  are the stator and rotor 

inductance, respectively.  𝐶𝑒𝑚 is the electromagnetic 

torque, 𝐶𝑟 the load torque, 𝐽 is inertia moment and 

𝑘𝑓 is friction coefficient. The different parameters 

are given as follows 

𝜎 = 1 −
𝑀𝑠𝑟

2

𝐿𝑠𝐿𝑟

 

𝜏𝑠 =
𝑅𝑠

𝐿𝑆 
 is the stator time constant   

𝜏𝑟=
𝑅𝑟

𝐿𝑟
  is the rotor time constant 

𝜍 = −
1

𝜎𝜏𝑠
 – 

1−𝜎

𝜎𝜏𝑟
. 

The matrix F is given by: 

𝐹(𝜛(−𝜃), 𝜂𝑐𝑐𝑘′) =
2

3∗𝑅𝑠
∑ 𝜂𝑐𝑐𝑘′𝑃(−𝜃)𝜛(−𝜃𝑐𝑐𝑘′

3
𝑘′=1 )𝑃(𝜃)                     (7) 

𝜼𝒄𝒄𝑘′ =
𝑁𝑐𝑐

𝑁𝑠

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑡𝑢𝑟𝑛𝑠 𝑠ℎ𝑜𝑟𝑡 − 𝑐𝑖𝑟𝑐𝑢𝑖𝑡  𝑤𝑖𝑛𝑑𝑖𝑛𝑔

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓𝑖𝑛𝑡𝑒𝑟𝑡𝑢𝑟𝑛𝑠 𝑖𝑛 𝑜𝑛𝑒 𝑝ℎ𝑎𝑠𝑒
 

                                                                         (8) 

𝑃(𝜃) = [
𝑐𝑜𝑠(𝜃) −𝑠𝑖𝑛(𝜃)
𝑠𝑖𝑛(𝜃) 𝑐𝑜𝑠(𝜃)

]                              (9) 

𝜛(𝜃𝑐𝑐𝑘′)

= [
cos (𝜃𝑐𝑐𝑘′)2 cos(𝜃𝑐𝑐𝑘′) sin (𝜃𝑐𝑐𝑘′)

cos(𝜃𝑐𝑐𝑘′) sin (𝜃𝑐𝑐𝑘′) sin(𝜃𝑐𝑐𝑘′)2 ] 

                                                                       (10) 

Where: 𝑃(𝜃) is the park rotational matrix and 

𝜃𝑐𝑐𝑘′  is the reel angle between the defective stator 

winding and the first stator phase axis. This 

parameter can take three values 0, 
2𝜋

3
 and 

4𝜋

3
 that 

allow to locate the interturns short-circuit , 

respectively, in phase a, b and c. 𝑘′ indicates one of 

the three stator phases. 

The short circuit currents are given by: 

       [𝑖𝑑𝑠𝑐𝑐
𝑖𝑞𝑠𝑐𝑐

] = 𝐹 [𝑣𝑑𝑠
𝑣𝑞𝑠

]                                       (11) 

The short circuit currents can be written as 

follows: 

[𝑖𝑑𝑠𝑐𝑐
𝑖𝑞𝑠𝑐𝑐

] =

𝟐

𝟑𝑹𝒔
∑ 𝜼𝒄𝒄𝑘′𝑷(−𝜽)𝝕(−𝜽𝒄𝒄𝑘′

𝟑
𝑘′=𝟏 )𝑷(𝜽) [𝑣𝑑𝑠

𝑣𝑞𝑠
]        (12)                                                                                                                                   

Consequently, the resultant dq stator currents are 

expressed as follows: 

     [
𝑖𝑑𝑠𝑓

𝑖𝑞𝑠𝑓
] = [𝑖𝑑𝑠

𝑖𝑞𝑠
] + [𝑖𝑑𝑠𝑐𝑐

𝑖𝑞𝑠𝑐𝑐
]                                (13)  

Where 𝑖𝑑𝑠 and 𝑖𝑞𝑠 are the stator current passing 

through the healthy winding. Therefore, for a healthy 

stator winding, the parameter 𝜂𝑐𝑐𝑘′ (𝜂𝑐𝑐𝑘′ =
𝑁𝑐𝑐

𝑁𝑠
) 

equal to zero because 𝑁𝑐𝑐 takes a zero value. 

 

2.2. Analysis of the impact of inter turn short 

circuit on induction machine using FOC 

control 

To date, few attempts have made to investigate 

the fault diagnosis of induction motor in closed loop 

system. This is, due principally to the fact that the 

controller modifies the impact of damage compared 

to the open loop [24]. 

Figure 2 gives the simulation results of the 

induction motor with the field-oriented control 

(FOC). It can be seen that in healthy regime, the 

stator currents are sinusoidal and have the same 

amplitude. But in the presence of the inter-turns 

short circuit on the phase a at time interval 𝑡1  (1.5 s-

1.8 s) without load and at time interval 𝑡2 (2.5s-2.8s) 

with load, there will be an imbalance at the level of 

the stator currents which increase in term of 

amplitude. It can conclude that the short circuit 

affects the faulty phase, that is the phase a compared 

to the other phases which are less impacted. Also, we 

observe the influence of inter turns short circuit on 

the other machine variables. When the inter- turns 

short circuit occurs, important oscillations are 

observed in the electromagnetic torque. 

Consequently, a perturbation of the mechanical 

speed is not very important, which be explain by the 

fact that the Proportional and Integral (PI) speed 

controller behave well by minimizing the effects of   

INTSC fault on the speed. 

 

 

Fig. 2. Simulation results of induction motor in 

healthy case and in presence of inter turns short 

circuit of 10% given at times  intervals 𝑡1 and 𝑡2. 
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Now, we apply the FFT to the stator currents in 

order to extract the signature analysis frequencies in 

healthy case and in the presence of short circuit inter 

turns on phase a. The simulation results are given by 

Figure 3, show clearly the appearance of a single 

frequency at 50 Hz in healthy mode, which is the 

fundamental frequency of the motor. However, in 

the presence of inter-turns short circuit fault, other 

frequencies appear at 150 Hz and at 250 Hz. These 

frequencies that occur after the application of the 

short-circuit fault inter turns are very cited in the 

literature. Theoretically, the harmonic frequency of 

the induced current when the short circuit fault 

occurs in the stator is given by the equation (14) [25]. 

            𝑓𝐼𝑇𝑆𝐶 = [
𝑛′

𝑝
(1 − 𝑠) ± 𝑘′′] 𝑓𝑆                         (14) 

𝑛′=1,2,3….; 𝑘′′=1,3,5….; p is pole pair 

𝑓𝑆 is fundamental frequency of stator current and, 𝑠 

is the slip;  

The spectrum amplitude of three stator currents 

in the presence of different short circuit rates is 

illustrated in the same Figure. We observe that the 

inter-turns short circuit generates the appearance of 

3rd and 5th harmonic of the fundamental component. 

The amplitude of the fundamental harmonic 

increases proportionally to the short circuit rate. The 

same remark is made to the 3rd harmonic, but for the 

5th  harmonic amplitude is very small, which is about 

10−2. 

According to the equation (14) we obtain the 

same frequencies in our simulation when we inject 

the ITSC fault in phase a in the stator winding. 

 

3. EXTENDED KALMAN FILTER (EKF)  

 

Extended Kalman Filter is the most suitable 

observer to estimate the state variables of a nonlinear 

system [4- 26- 27]. EKF is robust against 

measurements noises and modelling errors [29]. We 

have designed an EKF to estimate the variable state 

of the induction motor. We use the discrete model of 

induction motor in fixed reference frame α, β with 

five state variables. The discrete model is given by 

the following equations [30,31]: 

𝑥𝑘+1 = 𝐴𝑘𝑥𝑘 + 𝐵𝑢𝑘 + 𝑤                              (15) 

𝑦𝑘 = 𝐻𝑥𝑘 + 𝑣                                                (16) 

{
𝑤 ≅ 𝑁(0, 𝑄)
𝑣 ≅ 𝑁(0, 𝑅)

                                                  (17) 

Where, 𝑖𝑠𝛼  and 𝑖𝑠𝛽 are the stator currents, 𝜑𝑟𝛼 

and  𝜑𝑟𝛽 are the rotor fluxes, Ω is the mechanical 

speed of the motor, 𝐿𝑠 and  𝐿𝑟 are respectively the 

stator and rotor inductances, 𝑅𝑠 and  𝑅𝑟  are 

respectively the stator and rotor resistances, 𝑇𝑒 is the 

sample time. 

     w and 𝑣 are process and measurement noise with 

zero mean and covariance matrix 𝑄 and 𝑅, 

respectively, given in APPENDIX A. 

The EKF is based on three main steps. The first 

one is the prediction step that uses the estimated state 

of the previous moment to estimate the actual current 

state. The second  step consists in predicting of 

parameter Pk
p
 and the computation of  the Kalman 

filter gain Kk . The last step is the determination of 

the final value of the state vector in the correction 

step. These steps are summarized by the following 

equations: 

Prediction:    xk
p

= 𝐴𝑘x̂𝑘−1 + 𝐵𝑢𝑘−1 

                                                                       (18) 

                            Pk
p

= 𝐴𝑘𝑃𝑘−1𝐴𝑘
𝑇 + 𝑄 

 

 
(a) 

 
(b) 

  
 (c) 

Fig. 3. Stator currents spectrum in the presence of 

different inter turns short circuit 
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Gain computation: Kk = Pk
p
HT(HPk

p
HT + R)

−1
  

                                                                            (19) 

Update:     �̂�𝑘 = 𝑥𝑘
𝑝

+ 𝐾𝑘(𝑦𝑘 − 𝐻𝑥𝑘
𝑝
) 

                                                                            (20) 

  �̂�𝑘 = (1 − 𝐾𝑘𝐻)𝑃𝑘
𝑝  

where: 

𝐹 and 𝐻 are the Jacobeans of the state and 

measurements functions, respectively, which are 

given in the appendix A.  

The simulation results obtained using the EKF 

given by the Figure 4. We notice that the estimated 

currents behave like the real currents, so the EKF is 

the most adapted to the estimation of the induction 

motor states. 

According to the residual signals r, obtained in 

simulation between the real and the estimated 

currents shown in Figure 5, we can notice that the 

three residual signals of the three phases are around 

3 % in transient and converge to 0 in steady state 

without fault, at intervals times 𝑡1 (1.5 to 1.8s) and 

𝑡2 (2.5 to 2.8s). We observed a significant change of 

residual signals amplitude when the fault occurs. 

Due to these performances, the residual signals will 

be used for fault diagnosis inter turn short circuit in 

stator winding. 

Figure 6 illustrates the generation residual 

signals r. The computed residual signals allow to 

detect the fault occurrence by comparing the residual 

signals to the threshold residual signals in healthy 

mode. When the residual signals are higher than 

threshold value, it means the presence of the fault. 

Then by processing the residual signal, the 

characteristics of the occurred fault are identified. 

 

 
Fig. 4. Simulation results of the extended Kalman 

filter 

 

Figures 7 and 8 show the spectrum amplitude of 

the three residual signals in different short circuit 

rates taking into account load torque (Cr=2.8N.m) in 

Figure 8 and without load torque (Cr=0N.m) in 

Figure 7. It is noticed that in healthy mode we can 

see only the fundamental harmonic at 50 Hz with a 

small amplitude of the residual signals. The 

occurrence of the ITSC fault in the induction motor 

in phase a increase the amplitude of the fundamental 

harmonic and leads to the occurrence of the 3rd 

harmonic, and the residual signals amplitude 

increase proportionally with the increasing short 

circuit rate. We note that the results are important in 

term of residual amplitude of the faulty phase 

compared to the other two phases, allowing us to 

identify the faulty phase and to estimate the short 

circuit rate.   
 

 
Fig. 5. Residuals simulation results 

 
Fig. 6. Residual signal generation based on EKF and 

FDI scheme 

 

 
(a) 
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(b) 

 
(c) 

Fig. 7. Residual signals spectrum results in different 

ITSC in phase a without load 

 

4. SHORT TIME FOURIER TRANSFORM 

ANALYSIS 

 

The frequency domain given by the FFT analysis 

does not provide information on the time of 

occurrence of a particular frequency, despite the 

resolution provided is good. Moreover, the FFT is 

only effective in the case of a stationary signal. In the 

diagnosis of electrical faults, it is essential to get 

information on the appearance time of the fault, 

which allows to identify the source of the fault. 

STFT is an FFT extension in the time-frequency 

domain analysis, it overcomes the constraints of FFT 

analysis and well adapted to the analysis of non-

stationary signals [32]. 

The STFT in continuous domain is given as 

follows [33]. 

𝑆(𝑡, 𝑓) = ∫ 𝑓(𝑡)𝑤(𝜏 − 𝑡)𝑒−𝑗2𝜋𝑓𝜏𝑑𝜏
+∞

−∞
        (21) 

The signal is sampled at a fixed sampling 

frequency (fs), and the DFT is calculated to analyse 

the frequency spectrum by applying the fast Fourier 

transform (FFT) algorithm. 
 

 
(a) 

 
(b) 

 
 (c) 

Fig. 8. Residual signals spectrum results in different 

ITSC in phase a with load 

 

The STFT in the discrete domain is given as 

follows: 

𝑠[𝑚, 𝑘𝑓] = ∑ 𝑥[𝑛]𝑤[𝑛 − 𝑚𝐻]𝑒−𝑗−
2𝜋𝑛𝑘𝑓

𝑁𝑛=𝑁−1
𝑛=0   

                                                                      (22) 

Where: 𝑁 the number of FFT points, 𝑥[𝑛] is the 

input sample,  𝑛  is the time-domain input sample 
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index, 𝑘𝑓 is frequency index, 𝑤[𝑛] is the window 

function and 𝑚 is its position, 𝐻 is the window size. 

STFT depends on these parameters: 

1) Sampling frequency (fs): affects both the time 

and the frequency resolution of the STFT output. 

Higher fs results in better time and frequency 

resolution and vice versa. In this paper, fs of the 

STFT-based algorithm is limited to 104 kHz. 

2)  Number of input sample (n): It is the number of 

samples of the input signal on which the 

windowing function is applied.  

3) Type of the window function w[n]: the most 

popular window functions available to carrying 

out STFT are Triangular, Rectangular, Bartlett, 

Hanning and Hamming. In this study, Hanning 

window is used. 

4)  The window size (H): The window size is 

responsible for the STFT output resolution in 

time-domain. The better resolution of the time is 

the lower size of the window.   

 
Fig. 9. STFT spectrogram of the residual ra in damaged 

and undamaged motor  

 

From the results given by Figure 9, a momentary 

change in the frequency components fs and 3fs (dark 

color) are observed (the change are marked by the 

small circles in the ranges time 𝑡1 (1.5 to 1.8s) and 

𝑡2 (2.5 to 2.8s) due to the presence of the short circuit 

fault of 10% of the total number of turns in the stator 

winding of phase a, while elsewhere this change 

does not appear.  

In figure 10, we observed only the frequency of 

50 Hz over the entire time range because there is no 

fault. 

In Figure 11, a significant change is observed 

over the entire time range for the fundamental and 

third harmonic frequencies, while it is non-existent 

in the healthy case, indicate the presence of the fault 

over this entire time range.  In addition, an increase 

in power/frequency is visible, which confirms the 

previous finding. 
 

 
Fig. 10. STFT spectrogram of the residual ra in healthy 

case 

 
Fig. 11. STFT spectrogram of the residual ra in damaged 

motor (ITSC 10%). 

 

In addition, harmonics insensitive to ITSC fault 

occur with low energy (power/frequency). 

It is deduced that the most sensitive frequencies 

to the ITSC fault are the fs and 3fs frequencies where 

their power/frequency values for an undamaged and 

damaged motor differ significantly, making them a 

strong fault indicator. 

To reveal the remarkable feature of STFT 

analysis, the ability of the proposed technique is to 

find the symptoms of the momentary short circuit 

and define the time of the short circuit fault. 

 

5. CONCLUSION  

 

This paper discusses the problem of inter-turn 

short circuit stator winding fault in an induction 

motor in the context of an electric vehicle 

application. Both FFT analysis and STFT analysis 
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are applied to the signal processing to extract the 

ITSC symptoms. The study was carried out for the 

stator phase current signal and expanded to the 

computed residuals between the stator currents 

estimated by the extended Kalman filter and the 

actual currents, which is a meaningful contribution 

to the topic of fault detection in induction motors. 

The finding confirmed the effectiveness of the 

application of the STFT analysis on the residuals for 

retrieving ITSC fault characteristics in a stator phase 

compared to FFT analysis, which is also relevant for 

retrieving ITSC fault characteristics. The STFT-

based method also enables the determination of the 

time of fault occurrence and the monitoring of the 

harmonic power/frequency in the drive system. 

Moreover, these results could be practical to apply in 

the process of evolution of automatic diagnostic 

systems, assisted by artificial intelligence, based on 

a suitable selection of fault characteristics.  

Future work will be conducted on test bench. 
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APPENDIX A 

 

This appendix presents the matrices and 

parameters used in the discrete model of the 

extended Kalman filter expressed in section 3. 

The matrices used in equations (15) and (16) are 

defined as follows 

Where  𝑥𝑘 =

[
 
 
 
 

 

𝑖𝑠𝛼
𝑖𝑠𝛽
𝜑𝑟𝛼

𝜑𝑟𝛽

Ω ]
 
 
 
 

;  𝑢𝑘 = [
𝑢𝑠𝛼

𝑢𝑠𝛽
]  ;  𝑦𝑘 = [

𝑖𝑠𝛼
𝑖𝑠𝛽

]  ; 

𝐴𝑘 =
𝑑𝑓(𝑥, 𝑢)

𝑑𝑥
=

[
 
 
 
 

𝑎11 𝑏11 𝑎12 𝑏12 𝑓1
−𝑏11 𝑎11 −𝑏12 𝑎12 𝑓2
𝑎21 𝑏21 𝑎22 𝑏22 𝑓3
−𝑏21 𝑎21 −𝑏22 𝑎22 𝑓4

0 0 0 0 1 ]
 
 
 
 

 

B=

[
 
 
 
 
𝑎1 0
0 𝑎1

𝑎2 0
0 𝑎2

0 0 ]
 
 
 
 

 

𝐻 = [
1 0 0 0 0
0 1 0 0 0

] 

The covariance matrices are defined as  

𝑄 =

[
 
 
 
 
 
𝛿𝜑 0 0 0 0

0 𝛿𝜑 0 0 0

0 0 𝛿𝑖 0 0
0 0 0 𝛿𝑖 0
0 0 0 0 𝛿𝛺]

 
 
 
 
 

 

𝑅 = [
𝛿𝑏 0
0 𝛿𝑏

] 

The different parameters are given as follows 

𝑎11 = 1 + 𝛼𝑇𝑒 + (𝛼2 + 𝛽󠆬𝛾)𝑇𝑒
2/2  

𝑎12 = 𝛽󠆬𝑇𝑒 (1 +
(𝛼 + 𝛽󠆬)𝑇𝑒

2
) + 𝑐Ω2 𝑇𝑒

2/2 

𝑎21 = 𝛾𝑇𝑒 (1 +
(𝛼 + 𝛽󠆬)𝑇𝑒

2
) 

𝑎22 = 1 + 𝛿𝑇𝑒 +
(𝛿2 + 𝛽󠆬𝛾)𝑇𝑒

2

2
− Ω2𝑇𝑒

2/2 

𝑏11 = 𝑐𝛾Ω𝑇𝑒
2/2                 𝑏21 = −𝛾Ω𝑇𝑒

2/2  

𝑏12 = (𝑐𝑇𝑒 (1 +
(𝛼 + 𝛿)𝑇𝑒

2
) −

𝛽󠆬𝑇𝑒
2

2
)Ω 

𝑏22 = (−𝑇𝑒 + (cγ−2δ) 𝑇𝑒
2/2)Ω 

𝑓1 = 0.5𝑐𝛾𝑇𝑒
2𝑖𝑠𝛽 + 𝑐𝑇𝑒

2Ω𝜑𝑟𝛼 + (𝑐𝑇𝑒 (1 +
(𝛼+𝛿)𝑇𝑒

2
) − β𝑇𝑒

2/2) 𝜑𝑟𝛽    

𝑓2 = 0.5𝑐𝛾𝑇𝑒
2𝑖𝑠𝛼 + 𝑐𝑇𝑒

2Ω𝜑𝑟𝛽 − (𝑐𝑇𝑒(1

+
(𝛼 + 𝛿)𝑇𝑒

2
)

− β𝑇𝑒
2/2) 𝜑𝑟𝛼 

𝑓3 = 0.5𝑐𝛾𝑇𝑒
2𝑖𝑠𝛽 − 𝑇𝑒

2Ω𝜑𝑟𝛼

+ (0.5(𝑐𝛾 − 2𝛿)𝑇𝑒
2

− 𝑇𝑒)𝜑𝑟𝛽 

𝑓4 = 0.5𝑐𝛾𝑇𝑒
2𝑖𝑠𝛼 − 𝑇𝑒

2Ω𝜑𝑟𝛽

− (0.5(𝑐𝛾 − 2𝛿)𝑇𝑒
2

− 𝑇𝑒)𝜑𝑟𝛼 

𝑎1 = 𝑎𝑇𝑒(1 + 𝛼𝑇𝑒)/2               𝑎2 = 𝑎𝛾𝑇𝑒
2/2 

𝜎 = 1 −
𝑀𝑠𝑟

2

𝐿𝑠𝐿𝑟
        𝑎 =

1

𝜎𝐿𝑠
      𝑏 = 1/𝜎𝐿𝑟   

𝑐 = (1 −  𝜎)/𝜎𝑀𝑠𝑟      𝛼 = (𝑎𝑅𝑠 +
𝑐 𝑀𝑠𝑟𝑅𝑟

𝐿𝑟
)   

𝛽󠆬 =
𝑐 𝑅𝑟

𝐿𝑟
      𝛾 =

𝑀𝑠𝑟 𝑅𝑟

𝐿𝑟 
        δ =−

𝑅𝑟

𝐿𝑟 
. 
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