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Abstract: The short circuit is among one of the most 

dangerous electrical faults in induction motor, which 

leads to serious implications on the motor operation and 

its performances. The present paper deals with the 

influence of the stator short circuit fault in its early stage 

in terms of performances and service continuity of an 

electric vehicle (EV) using dual induction motor’s 

structure piloted by Backstepping control. An equivalent 

induction motor model with turn-to-turn fault on one 

stator phase, without already assuming the temperature 

effect through an intrinsic model, is investigated and 

thereafter its impacts on electric vehicle performance 

using simulation tests are presented and discussed. 

Key words: Backstepping control, Electric vehicle (EV), 

turn-to-turn-fault, Propulsion control structure. 

1. Introduction
A motor control system with high robustness is

an important issue in research [1]. Thus, it is obvious 

that the monitoring and diagnosis of electrical 

machine constitute an economic and scientific 

challenge, combining safety and continuity of 

service for electrical drives. About 35% to 40% of 

the total failures of induction motor take place due to 

electrical faults [2]. The stator winding insulation 

failure due to a short-circuit known as inter turn 

short-circuit is one of the most common and severe 

kind of electrical faults affecting the electric motor 

[3-5]. This is mainly due to long term thermal aging 

and ultimately insulation failure [2]. If the turns of 

stator are shorted a large circulating current induced 

in shorted turn so the thermal overloading [6]. 

However, during operational phases, electric motors 

are continuously being exposed to thermal, 

mechanical and vibrational effects.  

Therefore, it is important to detect and identify 

any incipient fault that occurs within the electrical 

motor at its earliest stage to avoid any unplanned 

outage, particularly in applications where safety is 

the primary concerns the global system. On the over 

side, it is common for any vehicle in urban traffic 

requires regime changes, frequent acceleration, 

deceleration, cruising, and stopping phases, which 

lead to serious breakdowns. In those applications 

where downtime isn’t acceptable and where 

continuity of service is required, an unpredicted 

failure of a motor might result in higher maintenance 

costs or loss of life. However, understanding fault 

diagnosis is very important, because a good 

diagnosis is an early detection of the severity and 

location of faults, to reduce the downtime as well as 

the maintenance costs while ensuring continuity of 

operations for an EV. Therefore, modeling and 

identification of inter-turn short circuit fault at its 

earliest stage of an induction motor is the first major 

step in the motor health monitoring and fault 

diagnosis process. The main focus of the present 

work is on the influence of an incipient inter turn 

short circuit fault occurred at its earliest stage on 

electric vehicle performances and service continuity. 

The proposed control structure consists of an electric 

vehicle using dual-induction motors Backstepping 

control placed at the rear wheels, which propels 

electrically the vehicle, based on an electric 

differential assured by dual motors operating at 

different speed. For this purpose, a precise 

equivalent model of an induction motor (IM) taking 

into account the presence of the turn-to-turn fault 

resulting of a short-circuit winding in stator phase at 

several levels is described, and the consequences on 

electric vehicle performances in terms of service 

continuity where a fault occurred into one of both 

propulsion structure motors are analyzed. 
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Simulation tests were carried out for detecting fault 

occurrence and its impact on EV control, without 

already considering the temperature effect through 

an intrinsic model, for a faulty model. Also, note that 

the existence of the short-circuit in some turns on 

one phase could give an increase in temperature 

inside the machine leading to overheating which 

causes the insulation loss of the machine winding 

and the short circuit becomes rapid and total in such 

a small time. 

The paper is organized as follows. Section 2 

presents the Backstepping control for IM, using an 

accurate faulty model with turn-to-turn fault applied 

for an EV. In section 3, the dual-motor configuration 

of the proposed propulsion structure will be shown. 

To evaluate the performances and the failures effect 

caused by turn-to-turn fault in first stator phase of 

the right motor, series of simulation tests will be 

presented in section 4. Conclusion is done in section 

5. 

2. Backstepping control for IM
Backstepping control technique enables in a 

sequential and systematic manner to build stabilizing 

Lyapunov function. Thus, the main goal is to achieve 

the convergence of errors towards zero and stable 

operations of the system. The design of 

Backstepping control approach is to recursively 

select the appropriate state variables as virtual 

reference input, characterized by step-by-step 

interlacing. Each step generates a new virtual control 

variable and finally the process terminates when the 

final external control is reached [7-11].  

Let us first given the equations of an IM for a 

healthy model, which includes both the mechanical 

and electrical dynamics, expressed in the (d,q) 

synchronous rotating frame obviously, after 

orientation of the rotor flux by [1][8]: 
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The objective of the Backstepping design is to 

synthesize the d-axis and q-axis voltage control input 

expressions (vsd
*
, vsq

*
), where the system must be

able to follow the desired references. It mainly 

consists of the following two steps. 

For the first step, the objective is the replacement 

of classical PI tracking controller by computing the 

reference values of stator current components (isd
*
,

isq
*
). In our case, the tracking errors dynamics of

speed Ωe&  and rotor flux φe& , by using equations (1) 

are defined as follows: 
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Then, with an appropriate choice of the Lyapunov 

function V1 of the subsystem described above, such 

that: 

( )22
1

2
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φΩ += eeV  (3) 

For which its derivative 1V&  must be negative, we 

can write: 
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where kΩ, kφ are positives coefficients in order to 

guarantee the stable tracking. Thereby, the reference 

values of stator current components are given by: 
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In the second step, the main goal is to achieve the 

final external control, by computing the reference 

stator voltage. To do so, we define the stator current 

errors terms. Expressed by their derivatives as 

follows: 
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Substituting (1) into (6), we find: 
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From the equations system (7), the stator voltage 

input, could be calculated through the definition of 

another Lyapunov function into the following form: 

( )22
12

2

1
iqid

eeVV ++=  (9) 

To ensure that its derivative is always negative, 

such that 

22
12 iqiqidid ekekVV −−= &&  (10) 

with kid, kiq are positives coefficients. 

Finally, the input voltages components are chosen 

as follows: 







+−σ=

+−σ=

     )  (

    )  (
**

**

iqiq2sqssq

idid1sdssd

ekdiLv

ekdiLv

&

&

 (11) 

For a faulty model, different research works of 

mathematical models regarding inter-turn short-

circuit faults in the stator of an induction motors can 

be found in literature [12-14]. As the need for greater 

accuracy in induction motor modeling, important 

physical characteristics have to be taken into 

account. An accurate model for an induction motor 

with stator winding turn fault in first phase was 

presented in [14]. 

Stator, rotor and short circuit equations in matrix 

form for an IM faulty model in coordinates 

referred to the stator frame, with a turn-to-turn fault 

in the first phase “a”, is formulated as follows [14], 

given next by equation (12). Index sc denotes short 

circuit. Conventional used abbreviation of the 

induction motor will be defined next in 

nomenclature. 
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The voltage and current matrices are expressed 

as: 

[ ] [ ]Tscrrss
T

scrrss iiiiiIvvv       , 0 0 0  βαβαβαβα == . 

The short-circuited turn’s index is: 

phasehealthy in  interturns ofnumber  Total

ndingscircuit wi-short interturns ofumber N
==

n

n
x sc

sc

Figure 1 shows a general block diagram 

implementation of Backstepping control intended to 

EV application. This is used to maintain stability and 

better performance capabilities of the system under 

disturbances, with at least two control loops. As 

shown in Fig. 1, nsc represents a number of shortened 

turns in the first stator phase “a”. Rsc is an equivalent 

resistance of the shortened turns. 

Fig. 1. Backstepping structure of IM with turn-to-turn 

fault on phase a. 
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When the short circuit fault is negligible (xsc = Rsc 

= 0) the previous formulation gives exactly the same 

as in the healthy model. 
 

3. Electric vehicle dual induction motor’s 

structure 
Figure 2 presents the proposed control structure 

in which two identical induction motors drive, 

separately the rear wheels of the vehicle via fixed 

gearing. The left and right induction motors are fed 

through power converters and driven by 

Backstepping strategy. 

The differential action assured by dual motors 

operating at different speed enables the wheels to be 

driven at different speeds when cornering the outer 

wheel covering a greater distance than the inner 

wheel. Then the propulsion control structure placed 

at the rear wheels propels electrically the vehicle and 

assures the required differential speed Ωdiff according 

to [15]: 
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where: 
*
1Ω , *

2Ω : Speeds of left motor 1 and right motor 2. 

*
oΩ , 

*
diffΩ : EV speed command, speed difference. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 2. EV propulsion control structure. 

4. Simulation results and discussion 
Numerical simulations have been carried out, in 

order to assess the effect of initial turn-to-turn fault 

on electric vehicle structure performances propelled 

by dual induction motors which rated data are 

summarized in the appendix. 

 

Figures 3(a,b,c) and their respective zoom on 

Figures 3(a1, b1) also, Figures 3(a2, b2, c2) depict and 

compare the main characteristics (speed, 

electromagnetic torque, stator currents and copper 

losses responses) of an EV propulsion structure 

using dual inductions motors driven by Backstepping 

control where the turn-to-turn fault resulting of a 

short-circuit winding may be occurred in the first 

stator phase into one of both propulsion motors 

structure (the right motor) at several short-circuited 

turns index levels: xsc = 20%, 50% and 100%. 

 

The simulation tests were used considering the 

selected route defined as illustrated in figures 3 by 

the vehicle speed reference drawn in dashed line. 

 

From scratch, the vehicle starts with a constant 

acceleration until attains the speed of 157 rad/s then 

it will be maintained constant. In fact, in this 

propulsion structure each of both motors is 

associated with a fixed mechanical gearing, which 

enables the reduction of the motor speed to the 

desired wheel speed and high substantial torque.  

At t = 0.5s, a load torque is applied on each 

motor. This last case might be occurred for example 

when EV wheels are stopped by a strong obstacle. 

After there, at t = 1s the vehicle accomplishes its turn 

maneuvers, by turning left. 
 

The electric differential action allows the inner 

wheel to rotate slower than the outer one, i.e ΩRight > 

Ωleft. Further, to test severely the propulsion structure 

performances, at t = 1.5s the turn-to-turn fault 

resulting of a short-circuit winding in the first stator 

phase has been activated on the right motor when the 

vehicle accomplishes its turn maneuvers. 

 

Finally, the vehicle maintains a constant cruising 

speed, which results in equality of both motors 

speeds, i.e ΩRight = Ωleft. 

 

Figure 3a and its zoom in figure 3a1 show before 

and after the shorted turns faulty case for xsc =20%, 

introduced at t = 1.5sec, the simulated EV speed, 

electromagnetic torque and stator currents 

waveforms. 
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Fig. 3a. Turn-to-turn fault effect for xsc = 20 %. 
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Fig. 3a1. Zoom of turn-to-turn fault effect for xsc = 20 %. 

It can be seen that the fault effect in this case, 

isn’t noticeable on the EV speed and electromagnetic 

torque responses, expect for the stator currents 

amplitudes, which increase slightly after fault occurs. 

So, in this case, the incipient winding fault will not 

impose great influences on EV performances. 

Figure 3a2 shows with the same above shorted 

turns faulty case for xsc = 20%, the evolution of stator 

copper losses versus time. It is well known that 

copper losses dependent on the square of stator 

current in RMS value and the stator resistance. These 

losses result from Joule heating are caused by stator 

current induced in the stator windings, which 

generates the heat, and therefore the temperature of 

the motor rises with time. Indeed, as can be seen 

from Figure 3a2 as the stator currents amplitudes 

increase, the copper losses increase also with time 

particularly when the fault occurs. 

On the other hand, as shown in figures 3(b-c) and 

3(b1) the fault effect is more noticeable as the fault 

severity increases. For xsc = 50%, and in particular, 

for xsc = 100%, while the stator current amplitude of 

the faulty phase current becomes higher. 

The increase in RMS stator currents may have a 

serious damage, such as total short-circuit of the 

stator winding, the degradation of the insulation of 

the windings due to the resulting overheating, which 

potentially shortening its lifespan and even fire. 
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Fig. 3a2. Cooper losses evolution for xsc = 20 %. 
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Fig. 3b. Turn-to-turn fault effect for xsc = 50 %. 
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Fig. 3b1. Zoom of turn-to-turn fault effect for xsc = 50 %. 
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Fig. 3c2. Cooper losses evolution for xsc = 100 %. 

 

At the same time, the occurred fault cited above 

might influence one of the dual induction motors 

which could be conducted an unbalance in the dual 

used motors and from which the vehicle leaves its 

reference trajectory, so the control of the differential 

action is gravely lost accompanied by the loss of the 

aim control vehicle direction. Finally, as depicted in 

figures 3(b2, c2) with rising amplitude currents the 

copper losses increase also. 

 

5. Conclusion 

In this paper, we focused on the incipient turn-to-

turn fault influence on EV dual induction motor’s 

structure performances and service continuity. An 

accurate model for an induction motor with inter-

turn fault in the first phase of stator winding 

occurred into one of both motors has been presented 

for detecting fault occurrence and its impact on EV 

control, without already considering the temperature 

effect through an intrinsic model, for a faulty model. 

Simulation tests performed under a fault severity 

index at several levels show that the incipient turn-

to-turn short fault has a small effect for a lower-level 

fault on EV operation. In this case, the vehicle 

continued to function even in the presence of fault. 

But for the high fault levels, the results show a very 

significant change, particularly for the currents wave 

forms. The stator currents amplitude raised 

significantly where the fault has occurred and a 

relative height that is lower for the other phases. 

Thus, if no coping measures are applied, this will 

result in the temperature increase in the stator 

winding, which will lead to the failure of the entire 

phase eventually. That’s means unfortunately the 

loss of the systematic control on the EV driven by 

the propulsion structure. 
 

Nomenclature 

vs , is  Stator voltage, stator current αβ-vector 

φs  Stator flux αβ-vector 

Rs , Rr Stator and rotor resistances 

Ls , Lr Global Stator and rotor self-inductances of each 

armature  

M Global Mutual inductance between stator and 

rotor armatures 

m Mutual inductance between two phases stator 

and rotor, where, Mm
3

2
=  

Tr Rotor time constant where,
r

r
r

R

L
T =  

ωs  Synchronous angular speed 

j  Imaginary unit, satisfying  j
2
 = -1 

θ  Flux stator angle 

p  Number of pole pairs 

Te , TL Electromagnetic torque, Torque Load 

(.)*  Input command variable 

is Current flowing through the short circuit 

winding 

Ω Mechanical speed  

Ω1,  Ω2 Speeds of left motor and right motor 

Ω
*

o, Ωdiff EV speed command, speed difference 

J  Rotor Inertia 

PI Proportional Integral controller 
 

Appendix 

Table 1 Induction motor parameters 

Parameters Values 

Power 4 [kW] 

Voltage 220/380 V 

Frequency 50 Hz 

+ Eventual three-phase boost transformer with ratio 

1/20 adapted to voltage battery 

Rs 1.2 [Ω] 

Rr 1.8 [Ω] 

Ls=Lr 0.1564 [H] 

M 0.15 [H] 

J 0.07 [Kg.m2] 

p 2 
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