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This paper introduces a novel approach for detecting and prognosing stator inter-turn 

faults in induction motors, addressing an important aspect of motor health monitoring. 

The most commonly employed method for fault detection in this context is Motor 

Current Signature Analysis (MCSA). By leveraging this method, the paper focuses on 

the generation of periodic Magneto Motive Force (MMF) waves in the balanced cur-

rent signal as a result of inter-turn faults. These MMF waves serve as crucial indicators 

for identifying the presence of such faults. To achieve early detection and prognostic 

capability for inter-turn faults, the paper proposes a numerical model that relies on 

analyzing the forward and backward currents. This model offers a promising approach 

to effectively detect and prognose these faults before they escalate into more severe 

issues. The obtained results from applying the proposed method demonstrate its 

efficiency in fault detection and prognostic accuracy for stator inter-turn faults. To 

validate the effectiveness of the proposed approach, an experimental setup is 

implemented. This setup provides a real-world context for evaluating the performance 

and reliability of the method in detecting and prognosing inter-turn faults. Through this 

validation process, the paper strengthens the credibility and applicability of the pro-

posed technique in practical motor maintenance and fault management scenarios. 
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1. INTRODUCTION

The induction motor (IM) is one of the most used 

components in industrial applications. Due to this huge 

concern, several faults can occur during the operation of IM 

such as broken rotor bars, eccentricity, short-circuited of the 

stator winding. Etc. Stator inter-turn fault in IMs presents 

almost 36% of all faults that can occur. It due to the presence 

of an unbalanced or heavy load and environmental 

temperature conditions [1-4]. All these circumstances lead to 

insulation deterioration and huge damage. This type of fault 

causes a phase imbalance, which has a direct impact on the 

torque. It starts as short-circuit between turns not detected to 

arrive at major faults between phases or between phase and 

ground. As result of a short-circuit between turns, a huge 

current flowing in the short-circuited part, which leads to an 

excessive heating of the stator winding. This issue accelerates 

considerably the degradation of the winding insulation [5]. 

Many works have been carried out last years on diagnosis; 

detection and prognosis of short-circuit in IM in recent years.  

The wavelet analysis method has been proposed as a new 

technique to detect the short-circuit inter-ring fault in a rotor 

coil of an IM. This technique used to extract electrical 

characteristics under variable conditions of time decomposes 

the original stator current signals into frequency bands [6-8]. 

Numerical techniques such as the Finite Elements Method 

(FEM) are applied to model and simulate electrical machines 

in both healthy and faulty state and under different load 

conditions [9-11]. FEM is used to identify stator winding 

insulation failure and to determine faults’ location. Through 

signal processing and modeling techniques, it is revealed that 

the fault can be easily and rapidly detected after its occurrence 

[12, 13]. In reference [14], the authors have used a high-

frequency signal injection that allowed studying the change of 

fault signature and their values in presence of stator inter-turns. 

A. Berzoy and al investigated the location stator inter-turn

short-circuit on machine parameters. It’s shown that the

location of inter-turn fault affects the rotating magnetic field

shape in the air gap and consequently motor inductances [15].

E. Ghosh and al have proposed a new approach to control the

motor and reduce the imbalance caused by inter turn fault [16].

Gyftakis and Cardoso [17] use a spatial vector approach which

depends on the higher harmonic index of the park vector. The

frequency spectrum of the proposed vector module can be

studied and analyzed to extract more information on the

gravity of failure. Roy et al. [18] propose a simple technique

to detect fault which have been applied to single phase the

induction motors during operation. The technique is simple

and uses few numbers of sensors. Saad et al. [19] propose the

use of an extended Kalman filter technique to estimate the

percentage of short circuit turns in each phase. This study used

in different charges and in the presence of noise. Sundaram

and Toliyat [20] use DC voltage injection for monitoring and

detection of inter-turn stator faults in five-phase induction

motors, integrated into the control loop and allows the motor

to smoothly transition from normal operation to fault-tolerant

operation once the fault has been detected, with minimal

modification of the control logic. The available literature aims,

in general, to present the most prominent different techniques

for detecting faults in the short circuit [21-25].
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In the majority of the methods mentioned earlier, the focus 

is on detecting inter-turn faults in induction motors during 

steady-state conditions. However, it is crucial to be able to 

detect these faults during the motor's starting phase to prevent 

serious damage. This work proposes a method specifically 

designed to detect and prognose inter-turn faults in induction 

motors by monitoring the components of the forward and 

backward currents that exist in the presence of such defects. 

The method offers several advantages, particularly in 

detecting inter-turn faults during the run-up transient operation 

of the motor. By detecting inter-turn faults early on during 

motor startup, this method helps prevent damage that could 

occur if the fault goes unnoticed. Additionally, the amplitude 

of the forward and backward current components provides 

valuable information about the severity of the fault, aiding in 

its prognosis. Another significant advantage of this method is 

its resilience to variations in motor speed and load. It can 

effectively differentiate between a short circuit fault and a load 

variation, which is crucial for accurate fault diagnosis. 

In summary, this proposed method addresses the need to 

detect and prognose inter-turn faults in induction motors 

during the motor's starting phase. It offers advantages such as 

fault detection during run-up, severity assessment through 

current component analysis, and robustness against speed and 

load variations. 

 

 

2. MATHEMATIC MODEL OF INDUCTION MOTOR 

WITH INTER-TURN FAULTS 

 

An inter-turn fault in stator winding is introduced as shown 

in Figure 1. A line is displayed for the stator winding fault. 

 

 
 

Figure 1. Stator windings with inter-turns short-circuit 

 

2.1 Voltage equations 

 

From Figure 1 and applying the Kirchhoff Voltage low 

(KVL) in short-circuited branch, the equation 1 is derived as 

follow: 

 

0 = 𝑟𝐶𝐶 ∗ 𝑖𝐶𝐶 +
𝑑Ø𝐶𝐶

𝑑𝑡
 (1) 

 

where, Ø𝐶𝐶  is the flux linkage produced by the short-circuited 

branch. Ø𝐶𝐶  is the resistance which given by: 

 

𝑟𝐶𝐶 = µ𝐶𝐶 ∗ 𝑖𝑆
𝑎𝑏𝑐 (2) 

 

where, µCC the ration of the number of short-circuited turns to 

the number of the total turns in the phase winding: 

µCC =
NCC

Ns
 (3) 

 

By adding Eq. (1) to the system of equations that is derived 

for the stator winding without fault, a new system of equation 

is obtained which allow the modeling of IM with inter-turn 

fault. This system is represented by Eqs. (3) and (4). 

 

𝑈𝑠
𝑎,𝑏,𝑐 = 𝑟𝑠

𝑎,𝑏,𝑐 ∗ 𝑖𝑠
𝑎,𝑏,𝑐 +

𝑑Ø𝑠
𝑎,𝑏,𝑐

𝑑𝑡
 (4) 

 

2.2 The impedance matrix 

 

The stator inductances are given as follow: 

 

𝐿𝑆𝑆 = [

𝐿𝑑 + 𝐿𝑔 −𝐿𝑑/2 −𝐿𝑑/2

−𝐿𝑑/2 𝐿𝑑 + 𝐿𝑔 −𝐿𝑑/2

−𝐿𝑑/2 −𝐿𝑑/2 𝐿𝑑 + 𝐿𝑔

] (5) 

 

The inductances of the short-circuit part are given by: 

 

𝐿𝑆𝐶𝐶 = 𝐿𝑑 [

𝑐𝑜𝑠(Ɵ𝑅)
𝑐𝑜𝑠(Ɵ𝑅 + 2П/3)

𝑐𝑜𝑠(Ɵ𝑅 − 2П/3)
] (6) 

 

where, Ld and Lg are the mutual and self-inductance of the 

stator windings. 

 

2.3 Park transformation 

 

Previous research, concerning the use of park's vector 

approach, has demonstrated the effectiveness of this 

noninvasive technique for diagnosing malfunctions, such as, 

single-phasing, open wound-rotor faults, airgap eccentricity 

and rotor cage faults, in three-phase induction motors. 

To minimize the number of model variables, the Concordia 

transformation is used. It gives α β values from a b c value by 

using a three to two axis transformations T23 as: 

 

(1) Concordia transformation of stator current: 

 

𝑖𝑠
𝛼,𝛽

= 𝑇23 ∗ 𝑖𝑠
𝑎,𝑏,𝑐

 (7) 

 

(2) Concordia transformation of rotor current: 

 

𝑖𝑠
𝛼,𝛽

= 𝑃(Ɵ) ∗ 𝑇23 ∗ 𝑖𝑅
𝑎,𝑏,𝑐

 (8) 

 

(3) T23, P(Ɵ) matrix transformations are defined as: 

 

𝑇23 = √
2

3
[
𝑐𝑜𝑠(0) 𝑐𝑜𝑠(

2П

3
) 𝑐𝑜𝑠(

4П

3
)

𝑠𝑖𝑛(0) 𝑠𝑖𝑛(
2П

3
) 𝑠𝑖𝑛(

4П

3
)

] (9) 

 

𝑃(Ɵ) = [
𝑐𝑜𝑠(Ɵ) 𝑐𝑜𝑠(Ɵ +

П

2
)

𝑠𝑖𝑛(Ɵ) 𝑠𝑖𝑛(Ɵ +
П

2
)

] (10) 

 

The short circuit variables are localized on one axis, these 

projections on the two Concordia axis α and β is defined as: 
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𝑖𝑐𝑐
𝛼,𝛽

= [
𝑐𝑜𝑠(Ɵ𝐶𝐶)
𝑠𝑖𝑛(Ɵ𝐶𝐶)

] 𝑖𝑐𝑐 (11) 

𝑈𝑠
𝛼,𝛽

= 𝑟𝑠
𝛼,𝛽

∗ 𝑖𝑠
𝛼,𝛽

+
𝑑Ø𝑠

𝛼,𝛽

𝑑𝑡
(12) 

0 = µ𝐶𝐶 ∗ 𝑟𝑆 ∗ 𝑖𝑆
𝛼,𝛽

+
𝑑Ø𝐶𝐶

𝛼,𝛽

𝑑𝑡
(13) 

Ø𝑆
𝛼,𝛽

= (𝐿𝑚 + 𝐿𝑔) ∗ 𝑖𝑆
𝛼,𝛽

+ 𝐿𝑚 ∗ 𝑖𝑅
𝛼,𝛽

(14) 

Ø𝐶𝐶
𝛼,𝛽

= √
2

3
∗ µ𝐶𝐶 ∗ 𝐿𝑚 ∗ 𝑄(Ɵ𝑐𝑐) ∗ (𝑖𝑆

𝛼,𝛽
+ 𝑖𝑅

𝛼,𝛽
)

+ (
2

3
𝐿𝑚 + 𝐿𝑔) µ𝐶𝐶

2 ∗ 𝑄(Ɵ𝑐𝑐)

∗ 𝑖𝑐𝑐
𝛼,𝛽

(15) 

where, 

𝑄(Ɵ𝑐𝑐)

= [
𝑐𝑜𝑠(Ɵ𝐶𝐶)

2 𝑐𝑜𝑠(Ɵ𝐶𝐶) 𝑠𝑖𝑛(Ɵ𝐶𝐶)

𝑐𝑜𝑠(Ɵ𝐶𝐶)𝑠𝑖𝑛(Ɵ𝑐𝑐) 𝑠𝑖𝑛(Ɵ𝐶𝐶)
2 ] 

(16) 

So, after neglecting the leakage inductance Lg as a function 

of the magnetizing inductance, Lm in the short-circuit flux 

expressions, we can write new flux equations: 

Ø𝑆
𝛼,𝛽

= 𝐿𝑚 ∗ (𝑖𝑆
𝛼,𝛽

+ 𝑖𝑅
𝛼,𝛽

) = Ø𝑔
𝛼,𝛽

+ Ø𝑚
𝛼,𝛽

(17) 

Ø𝑅
𝛼,𝛽

= 𝐿𝑚 ∗ (𝑖𝑆
𝛼,𝛽

+ 𝑖𝑅
𝛼,𝛽

+ √
2

3
∗ 𝑖𝑐𝑐

𝛼,𝛽
) = Ø𝑚

𝛼,𝛽 (18) 

We define park’s transformation as: 

[
𝑖𝑑
𝑖𝑞
] = [

𝑐𝑜𝑠(Ɵ) 𝑠𝑖𝑛(Ɵ)
− 𝑠𝑖𝑛(Ɵ) 𝑐𝑜𝑠(Ɵ)

] [
𝑖𝛼
𝑖𝛽
] (19) 

Ø𝐶𝐶
𝛼,𝛽

= √
2

3
∗ µ𝐶𝐶 ∗ 𝑄(Ɵ𝑐𝑐) ∗ Ø𝑚

𝛼,𝛽 (20) 

3. RESULTS AND DISCUSSION

Table 1. Three-phase simulated induction motor parameters. 

Parameter Name Symbol Value Unit 

Stator resistance R1 2.85 Ohm 

Stator resistance R2 0.482  

Pole pair P 2 - 

Resistance of short circuit rf 22  

Stator inductance ls 0.73 H 

Rotor inductance lr 0.73 H 

Frequency f 50 Hz 

Rated power P 1.5 kW 

Nominal current(A) in 

star Y connection 
I 6.45 A 

Nominal voltage(V) in 

star Y connection 
V 400 V 

The proposed technique is applied in this section. The IM 

used in the simulation have the parameters shown in Table 1. 

Figure 2 and Figure 3 show the simulation results of phases 

currents in the healthy state, for no load and full load operation 

condition. 

Figure 2. Phase current with no-shorted coils and no-load 

Figure 3. Phase current with no-shorted coils and no-load 

Figure 3 and Figure 4 show the simulation results of phases 

currents in the faulty state, for no load and full load condition. 

Figure 4. Phases current with no-shorted coils full-load 
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Figure 5. Phases current with 20% shorted coils full-load 

 

From Figures 2-5, it is obvious that, the phase current is 

affected by the inter-turn fault and load change. Unfortunately, 

it is impossible to distinguish between the presence of an inter-

turn fault and load change. 

 

3.1 Calculate components forward and backward currents 

 

To differentiate an inter-turn fault from a load change, the 

proposed technique calculates the forward and the backward 

component of stator current. Using the above-mentioned park 

transform, we calculate the forward and backward rotating 

currents as follows. 

 

𝐼𝑓𝑓 =
1

2
((𝑖𝛼 + 𝑖𝛽)𝑐𝑜𝑠(𝑤𝑡) + (𝑖𝛼 + 𝑖𝛽)𝑠𝑖𝑛(𝑤𝑡)) (21) 

 

𝐼𝑏𝑏 =
1

2
((𝑖𝛼 − 𝑖𝛽)𝑐𝑜𝑠(𝑤𝑡) − (𝑖𝛼 − 𝑖𝛽)𝑠𝑖𝑛(𝑤𝑡)) (22) 

 

Figures 6 and 7 demonstrate the impact of load changes on 

the phase currents. The magnitude and waveform of the phase 

currents are influenced by the load, indicating the current 

requirements to meet the power demand of the system. By 

analyzing the phase currents, engineers can assess the load 

conditions and ensure that the system operates within its 

design limits. It is noteworthy that Figures 6 and 7 show the 

absence of both forward and backward currents under healthy 

conditions. In the absence of faults, the forward and backward 

currents are typically negligible or nonexistent. This indicates 

that the system is operating as intended, with proper insulation 

and no abnormal current paths. 

Understanding the behavior of the phase currents under 

various load conditions provides valuable insights for system 

analysis, load management, and ensuring reliable operation. 

The absence of forward and backward currents in healthy 

cases confirms the absence of faults or abnormal current flow 

paths, reinforcing the normal and healthy operation of the 

system. 

Figure 8, which presents simulation results for phase 

currents, forward current, and backward current, provides 

valuable information regarding the behavior of these currents 

under different fault conditions. By analyzing this figure, it 

becomes evident that both the forward and backward currents 

are observed in the presence of a fault. 

During normal operating conditions, the forward current 

typically flows in the intended direction, while the backward 

current remains negligible. However, when a fault occurs, 

such as a short circuit, the current distribution within the 

system can be altered. This can result in the appearance of 

significant forward and backward currents. The forward 

current, as its name suggests, continues to flow in the expected 

direction despite the fault. It represents the current that powers 

the load or operates the system as intended. On the other hand, 

the backward current arises due to the fault and flows in the 

opposite direction. It is typically a result of the fault creating a 

new current path or causing a change in the electrical circuit. 

The presence of both forward and backward currents in Figure 

8 indicates the occurrence of a fault and suggests that a 

thorough analysis of the fault conditions and their impact on 

the system is necessary. Further investigation can help identify 

the fault type, location, and severity, enabling appropriate 

mitigation measures to be taken. 

In the following section, a detailed study of the forward and 

backward currents observed in Figure 8 will be presented. 

These currents are of significant interest as they provide 

valuable insights into the behavior of the system under fault 

conditions. By analyzing their characteristics and trends, we 

can gain a better understanding of the fault and its impact on 

the electrical system. 
 

 
 

Figure 6. Phases current and forward backward current with 

no-shorted coils, no-load 
 

 
 

Figure 7. Phases current and forward backward current with 

no-shorted coils, full load 
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Figure 8. Phases current, forward and backward current with 

no-shorted coils, full-load 

 

 
 

Figure 9. Forward current component in transient run-up and 

steady state with no load for 1%, 05%, 06%, 12% and 20% 

shorted coils 

 

 
 

Figure 10. Forward current component in transient run-up 

and steady state with full load for 1%, 05%, 06%, 12% and 

20% shorted coils 

Figures 9 and 10 show the simulations of forward current in 

the case of no-load and full-load respectively for different 

level of defect (1%, 10% and 15% shorted coils). The forward 

current amplitude increases with defect level. 

At this moment 0.3 seconds for no load (Figure 9): 

In the case of the coil shorted at 1%, the current is 2.03 (A), 

in the case of the coil shorted to 06%, the current is 2.16 (A), 

in the coil is shorted to 12%, the current is 2.30 (A), in the case 

of the 20% short coil, the current is 2.44 (A). 

At the moment 0.3 seconds in relation to the presence of the 

load (Figure 10): 

In the case of a 1% shorted coil, the current intensity is 2.12 

(A), in the case of a 06% shorted coil, the current intensity is 

2.52 (A). in the case of a 12% shorted coil, the current intensity 

is 2.68 (A). in the case of a 20% shorted coil, the current 

intensity is 2.83 (A). 

The values of the forward current in the cases of the 

presence of the load and the absence of the load are very close 

(with slow time delay in full load condition), indicating that 

the forward current is not affected by the change of the load. 

Through this study and the change, we made in the severity of 

the fault and through the figures shown, it’s clear from figures 

that the forward current appears only when the fault occurs. So 

the forward current component is one of the most important 

sign of inter-turn fault. 

The increase in forward current amplitude with the severity 

of the fault serves as a clear indication of the presence and 

severity of the fault within the system. 

By analyzing the forward current behavior under different 

fault scenarios, you have highlighted its importance in 

detecting and characterizing inter-turn faults. The correlation 

between fault severity and forward current amplitude provides 

valuable insights for fault diagnosis and condition monitoring 

of the system. 

Figures 11 and 12 show the backward current in the case of 

no-load and full-load respectively for different value of defect 

(1%, 10%, 15% and 20% shorted coils). 
 

 
 

Figure 11. Backward current component in transient run-up 

and steady state with no load for 1%, 05%, 06%, 12% and 

20% shorted coils 
 

At the moment 0.2 seconds for no load (Figure 11): 

In the case of the coil shorted at 1%, the current is 0.12 (A), 

in the case of the coil shorted to 06%, the current is 0.22 (A), 

in the coil is shorted to 12%, the current is 0.25 (A), in the case 
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of the 20% short coil, the current is 0.35 (A). 

The same results are obtained for full load (Figure 12) with 

slow time delay in full load condition. 

The same remarks as for forward current can be made for 

backward current. However, the backward current variation is 

not sensitive for small defects. 

 

 
 

Figure 12. Backward current component in transient run-up 

and steady state at full load for 1%, 05%, 06%, 12% and 20% 

shorted coils 

 

Through the results obtained, we conclude that the 

appearance of forward and backward components of currents 

is a sign of inter-turn defect. 

 

 
 

Figure 13. Peak to peak forward and backward currents in 

the 1% shorted coil 

 

Analyzing the deterioration of the forward and backward 

current values can provide insights into the deterioration of the 

Insulation Material (IM). Figure 13 presents the trend of value 

deterioration from peak to peak, highlighting the changes in 

current over time. By examining these values, it is possible to 

gain information about the degradation or decline in the 

performance of the IM. 

The forward current refers to the flow of electric current in 

the intended direction, while the backward current indicates 

the current flowing in the opposite direction. By monitoring 

the peak-to-peak values of these currents, you can assess the 

changes in the IM's characteristics, such as conductivity or 

insulation properties. 

Deterioration in the forward and backward currents can 

signify potential issues within the IM. It could indicate 

insulation breakdown, increased resistance, or other forms of 

degradation that affect the material's overall performance. By 

quantifying the deterioration through these current 

measurements, it becomes possible to track the condition of 

the IM and take appropriate actions, such as maintenance or 

replacement, to ensure proper functioning and safety. 

 

 

4. EXPERIMENTAL INVESTIGATIONS 

 

The experimental bench, which we have exploited to carry 

out tests on the stator short-circuit fault, is essentially equipped 

with an asynchronous machine and other equipment and 

apparatus whose general view is represented in Figure 14. 

 

 
 

Figure 14. Experimental test bench 

 

The machine under test is a 1.5 kw three-phase squirrel cage 

induction motor. The detailed parameters of the machine are 

given in previous section (Table 1). The stator of the machine 

is rewind in a way that can cause a short circuit of 6% and 12%. 

 

 
 

Figure 15. Experimental of backward current component in 

steady state for no-shorted coil, 6% and 12% shorted coils 
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Figure 16. Experimental of backward current component in 

steady state for no-shorted coil, 6% and 12% shorted coils 

 

Figures 15 and 16 show the backward and forward current 

respectively in steady state for no-shorted coil, 6% and 12% 

shorted coils. The same remarks as for experimental can be 

made for simulation. Where we notice an increase in both the 

forward and backward current with an increase in the shorted 

coil fault. 

 

 

5. CONCLUSION  

 

This paper discusses the modeling of forward and backward 

currents to analyze the evolution of faults in the short coil of 

an induction motor. The findings highlight several important 

points regarding the behavior of these currents and their 

relationship to fault detection and prediction. The following 

observations can be made: 

Relationship between fault severity and current amplitude: 

The paper demonstrates that as the fault severity increases, 

both the forward and backward currents exhibit higher 

amplitudes. 

This behavior suggests that the current amplitudes can serve 

as indicators of fault severity, allowing for the early detection 

and prediction of defects within the motor. 

The increasing current values provide a clear indication of 

the presence and progression of faults in the short coil. 

Absence of forward and backward currents in healthy state: 

The absence of forward and backward currents in the 

healthy state of the motor is an important observation. 

This indicates that these currents do not appear under 

normal operating conditions without any faults, providing a 

clear distinction between healthy and faulty states. 

The absence of currents in the healthy state allows for the 

early identification of any deviations or abnormalities, making 

it easier to detect and diagnose faults. 

Sensitivity of forward and backward currents to faults: 

The paper suggests that the forward current is more 

sensitive to small faults compared to the backward current. 

This implies that even minor faults in the short coil can 

result in noticeable changes in the forward current, making it 

a valuable indicator for early fault detection. 

The sensitivity difference between the forward and 

backward currents provides insights into the fault evolution 

and can aid in developing accurate fault diagnosis techniques. 

Consistency between modeling and experimental results: 

The comment also mentions that the results of the 

experiments align with the observations made in the modeling 

phase. 

This consistency between the modeling and experimental 

findings strengthens the validity of the conclusions and 

reinforces the understanding of the forward and backward 

current behaviors in the presence of faults. 

By considering the modeling and experimental results, the 

paper contributes to the understanding of fault evolution in the 

short coil of an induction motor. The emphasis on the forward 

and backward currents as indicators of faults, their relationship 

with fault severity, and the absence of currents in the healthy 

state highlight their importance for early fault detection and 

prediction. 
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