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 شكش
ذ سٛذَب ٔانًشسهٍٛ الأَجٛبء أششف عهٗ ٔانسلاو ٔانظلاح انعبنًٍٛ سة لله نحًذ ًَّ  يح

   ٔثعذ انذٍٚ، ٕٚو إنٗ ثئحسبٌ رجعٓى ٔيٍ ٔطحجّ آنّ ٔعهٗ

ثفضهّ، انعًم ْزا إَجبص نٙ أربح حٛث فضهّ عهٗ رعبنٗ الله أشكش فئَٙ  

ا أٔلا  انحًذ فهّ ٔآخشا  

نهشكش انشعش أٚٓب نسبَبا  أعشَٙ  

شعش يٍ كُذ فلا شكشاا  رطك ٔإٌ  

أسٖ كٙ ٔانجذسِ  انشًس ثُٕس ٔجئُٙ  

عُْبن ًَ ٔانجذس ٚشُشق انشًس َٕس ث  

يعٙ سبْى أٔ ٔجُٓٙ أٔ أسشذَٙ أٔ َظحُٙ يٍ نكم شكش٘ أٔجّ أٌ ٚسشَٙ  

 يشاحهّ، يٍ يشحهخ أ٘ فٙ انًطهٕثخ ٔانًظبدس نهًشاجع ثئٚظبنٙ انجحث ْزا إعذاد فٙ 

عذ  (ب)  ثهحًذ٘ س انذكزٕس انفبضم أسزبر٘ انخظٕص ٔجّ عهٗ ٔأشكش  

)  شمشٌٔ سهٛى  (  انذكزٕس انفبضم أسزبر٘ ٔ  

 كم عجبساد انشكش ٔانعشفبٌ ل ركفٙ يٍ اليزُبٌ ثحمكًب اسبرزرٙ انًٕلشٍٚ ..

 كٛف ل.. ٔلذ كبد انًعهى أٌ ٚكٌٕ سسٕل ..

أٚضب كم انشكش نٓزا انظشح انعهًٙ انعظٛى ٔانز٘ ٚضٚذَٙ ششفب ثبَٙ اثٍ ٔطبنت ٔانٕٛو 

جبيعخ يحًذ ثٕضٛبف ثبنًسٛهخ خشٚج ثبرٌ الله يٍ   

كم انزمذٚش نطبلى ْزِ انًؤسسخ انعشٚمّ يع خبنض انزحّٛ نكم انمبئًٍٛ عهٙ رسٛٛشْب 

ٔطٕالًٓب الإداسٚخ ٔانزعهًّٛٛ  ثشئبسخ انجبيعخ  يزٕجخ  

انًحزشو َٔبئجّ انزكُٕنٕجٛبنعًٛذ كهّٛ نشكش يٕطٕل ا   

أسبرزح لسى انُٓذسّ انكٓشثبئٛخٔثكم اعزضاص كهٙ فخش ٔعشفبٌ نكم   

 

نهجضائششكشا نٓزا انجهذ انعظٛى ..كم انزحّٛ   

 



 بسن الله الشدوي الشدٍن

 }لل إعولْا فسٍشي الله عولكن ّسسْلَ ّالوؤهٌْى{

 صذق الله العظٍن

 إلً هي بلغ الشسالت , ّأدي الأهاًت , ًّصخ الاهت , ًبً الشدوت ًّْس العالوٍي ,,

 افضل صلاة ّأششف حسلٍن ,,, علٍَ  الأمينسٍذًا هذوذ الصادق 

بذأًا بأكثش هي ٌذ , ّلاسٌٍا أكثش هي ُن , ّعاًٌٍا الكثٍشهي الصعْباث , ُّاى ًذي 

 الٍْم ,,

 ّالذوذ لله ًطْي سِش اللٍالً ّخلاصت الوشْاس ّحعب ألف ٌْم ٌّْم ,,

 , ٌا هِجت الشّح , ًّْس للبً , ّلشة عًٌٍ ,, أبًُّا أًا اُذٌك 

 لأركش اسوك هفخخشا بَ , على الشأس هشفْعا , هزٌٌا لٌجادً ,,

 الغالٍت , ٌا ًِش الذب ًّبع الذٌاى ,, أهً

 كلواحً , ّبذبك حاُج دشّفً , ّعي ًطمِا عجز اللساى ,,كٍف أُذٌكً 

 كٍف لا , ّأًخً أغلً ها بذًٍخً , ّأغلً ها ُّب لً الشدوي ,,

 ّلً , ٌّلِج بزكشاكن فؤادي ,,, ٌا هي دبكن ٌجشي فً عش أخْحً ّأخخً

ٌا ًجْها ساطعت فً سوائً , ًّْس كالموش ٌٌٍش آهالً , اُذٌكن ًجادً بأجول 

 الوعاًً ,,

 ,,كل صذٌك اّ عزٌز اّ ار  ُزا الومام فيّلا أًسً 

 كاى بْجْدٍ الِاها لطشٌمً ّهشْاسي فً غشبخً .. 

 أُذٌكً هًٌ أشْاق ّهْدة ّدب ّعشفاى ,, لفلسطٍيّ

 ,, الأوطانأُذٌكً ًجادً , بعٌْاى لضٍخً , ٌا سهزا لكل 

 ,,عائلخً الجزائشٌت سببا بفشدخً , ّفً الخخام ,, أُذي فشدخً الٍْم لوي كاى 

لكن هًٌ كل الوْدة ّالادخشام , ّلجزائشكن أدبخً هًٌ الف سلام 
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General Introduction 

  

The ideal rise in global production competitiveness in a fiercely competitive worldwide 

environment throughout the previous century has compelled manufacturers to explore for 

measures to regulate and guarantee the availability and reliability of their production tools, 

[1]. 

The monitoring of industrial equipment is a new engineering science that has resulted from 

these operational safety needs. The latter involves locating and identifying failures. As a 

result of the diagnostic field's current status as a vital instrument for corrective 

maintenance, businesses with monitoring systems are increasingly automating the 

maintenance process, [2]. 

The asynchronous machine is the most durable and least expensive machine available 

because to its design. The majority of electric drives in a variety of industrial industries 

employ this equipment, particularly for applications requiring constant or variable speed. 

The asynchronous machine is not immune to failure, just like any other machine. It may be 

impacted by mechanical, electrical, or both simultaneously in the stator, rotor, or both. [2, 

[3]. The source of the flaws might be a straightforward manufacturing issue or incorrect 

machine usage. Sometimes the usage environment (a corrosive or chemical environment, 

for example) may be to blame for the machine's degeneration. 

Therefore, any anomaly that causes an abrupt stop might cause financial losses. Therefore, 

it is advised that defects be discovered early in order to be fixed as soon as possible and 

reduce any adverse consequences. This encouraged the majority of businesses to create 

very advanced problem detection and diagnostic systems for their manufacturing lines. 

These two tasks are intended to maximize production gains while also initially enhancing 

the safety of people and property, [3, 4 and 5]. 

Goals 

For many academics studying electric machines, rotor failure identification has grown to 

be a difficult subject in recent years. The combination of many stressors, namely dynamic 

stresses resulting from shaft torque, centrifugal forces, and cyclic stresses, is what causes 

the bulk of all rotor failures. 
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The three stages of diagnosis are the identification of an operating mode, the localization 

of its source, and the detection of that mode. 

If the fault is found promptly, the induction motor could be spared from severe damage. 

The goal of the current study is to model a multi-winding asynchronous machine and to 

identify rotor faults (bar breaks) in an asynchronous machine's variable speed drive.  

Thesis Exposition  

The dissertation is divided into four chapters in order to carry out this study: 

The study's setting is described in the first chapter, which deals with the identification of 

rotor failures in squirrel-cage asynchronous machines. We first outline the numerous 

problems (causes and consequences) that may affect each of the components of this sort of 

machine. In a subsequent section, we provide a list of some of the instruments required for 

the frequency-domain analysis of time signals, which is a preferred method for finding 

asynchronous machine flaws. 

This chapter comes to a close with a review of the various diagnostic procedures now in 

use, outlining both their advantages and disadvantages. 

The time required for maintenance might be reduced, even with early issue discovery. Bar 

breaking are the most frequent rotor issue, and the most common rotor faults are found at 

the rotor level. The connection between it and the rotor ring may be at the notch or the end 

of the rotor ring, [4, 5].  

The models of the asynchronous machine for simulating bar breakage are presented in the 

second chapter. First, we use an analytical technique to illustrate the multi-winding model's 

evolution. 

Through a change of asynchronous machines in case they are healthy and faults with 

broken, using the Park benchmark  In order to explore the impact of the defect on the 

diagnosis, the research is even applied to the scenario where the machine is powered by an 

imbalanced voltage. We next go over modeling an inverter with two voltage levels in 

MAS, explaining its significance and its obvious effects on managing and operating the 

equipment. 

In the third chapter, we show the simulation results for the machine's reduced model in 

both a healthy and faulty state (with and without an inverter). 
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The development of various steady-state condition monitoring strategies has been the 

subject of much study over the previous 15 years, the majority of which are based on the 

fast Fourier transform (FFT). 

This theory differs from others in that it analyzes signals more quickly, making 

transactions simpler and saving time. Due to its importance in scientific research and the 

resurgence of industrial maintenance, it was thus briefly examined, [6]. 

The utilization of the instrumentation, ease of implementation, and wealth of data supplied 

for the existence or absence of the problem and its severity are the advantages of signal-

processing techniques like the fast Fourier transform (FFT), [7, 8] The benefit of this 

method is that it is now widely accepted as a standard since it is so straightforward and 

only requires one current sensor per machine, [9]. 

By performing a spectrum analysis of the stator current signature of the asynchronous 

squirrel cage motor under various fault situations in the broken bar of the rotor, we 

concentrate on the monitoring and diagnosis of induction machine problems. Using the 

Fast Fourier Transform method FFT, the spectrum analysis is applied to three distinct 

windows of the signal in steady state and under load, including the Hamming window, 

Hanning window, and rectangular window. 

While the Fourier analysis (FFT) did enable us to identify the various frequencies 

stimulated in a signal, or its spectrum, we were unable to determine when these frequencies 

were released. 

For the analysis of signals whose frequency fluctuates over time (statistically stationary), 

this loss of locality in the FFT is not a concern, but it becomes one when studying non-

stationary signals. Wavelets are used for this. 

The proposed work is innovative in that it uses wavelet analysis technologies in both 

continuous and discrete systems to identify problems affecting an induction motor's 

spinning portion that is fed by a three-phase inverter.  

In the fourth chapter, a simulation model using the finite element approach in Flux 2D® 

software will be shown in order to assess how the machine behaves both in the absence and 

presence of defects (broken bars).  

The goal of this study is to diagnose asynchronous machines by simulating and identifying 

their many windings using the finite element approach. 
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The study proposes an effective analytical method for induction machines (IM) based on 

finite elements (FE). In comparison to the traditional analytical models, the research based 

on finite element models (FEM) provides for more information on the processes defining 

the functioning of electrical machines. This explains the growing interest in research using 

finite elements in electrical machinery. 
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I.1.Introduction 

Rotating electrical devices are frequently exposed to extreme stresses throughout their 

lifespan, which can result in a certain number of failures. It goes without saying that these 

malfunctions may affect the various electronic propulsion systems.  

We conduct a study of the different types of flaws that could exist on each of them. 

Because a decent diagnosis needs a clear grasp of these ideas, we go over various 

diagnostic techniques already used in the context of spinning machinery or who may be 

interested in this context. We then go over a number of signal processing tools that can be 

applied to finding an electrical or mechanical problem. Knowing the signs is a requirement 

for making a machine diagnostic. 

The first chapter concentrates on the synthesis of the defects that are likely to cause 

tremors in conjunction with each flaw that may have an impact on the machine in question, 

which is, let's say if we know the vibratory pictures caused by these defects, [10, 11]. 

I.2.The causes of asynchronous machine failures 

The majority of motor defects are brought on by a confluence of stresses operating on the 

shaft, bearings, rotor, and windings, [11, 12 and 13].  

In these case, Figure (I.1) shows the fault tree of the asynchronous machine where the 

faults are classified according to their location: rotor and stator. 

I.2.1Stator 

The limitations imposed on the stator may have several causes: 

a) Thermal: Over time, the temperature affects the aging of the insulation system, 

which can lead to a short circuit in the stator's windings, heating that result from an 

excess, prolonged use, or repeated beginning of the motor. 

b) Electrically, an insulation issue could result in a straight short-circuit between 

phases, between turns, or between turns and the ground. We can also experience the 

corona effect in the high voltage generator. 

c)  Mechanical: The coils' vibrations, which can harm the insulation, can be brought 

on by the electromagnetic force generated by the current running in the stator 

windings during beginning. When there is contact between the rotor and the stator 

due to a gear or bearing problem, several things may occur. 

d) Environmental factors like moisture content, chemical interactions, a combustible 

atmosphere, and outside objects. 
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The Different Faults 

Rotor 

faults 

 

Stator 

faults 

Bearing 

defects 

Bar breakage 

rotors 

Deformation of 

the cage 

Bearing 

eccentricity 

Misalignment of 

rotor 

Loss of lubrication 

Unbalanced rotor 

Vibration of ship 

owners 

Ground fault 

Insulation 

breakdown 

Short-circuit 

between turns 

Short-circuit 

between phase 

Movement of 

conductors 

Break of 

connection 

Faulty installation, 

incorrect charging, 

unbalanced magnetic 

pull, loss of 
lubrication...etc. 

Thermal cycle, 

unbalanced magnetic 

pull, large transient. 

Defective rotor, 

thermal cycling, 

fluctuating torque 

Improper coupling, 

Large clearance in 

bearings, overload, 
faulty installation. 

Faulty installation, 

faulty bearings, 

unbalanced magnetic 

traction. 

Overheating, rupture 

of seals. 

Movement of the 

short rings-circuit 

Unbalanced magnetic 

pull, unbalanced supply 

voltage, faulty 

installation. 

Insertion defects of the 

coils to the armatures, 

degradation of the 

insulator. 

Failure during 

installation or service, 

low or high humidity 

and temperature, 

repetitive start-up. 

Excessive heating, 

imbalance in the power 

supply, vibrations, high 
humidity 

 

Failure in the installation, 

high temperature, 

unbalanced power supply. 

Shocks due to faults and 

vibration of the coil 

heads. 

Loose seals, 

contamination, 

excessive vibration. 

. 
Figure I.1: Main faults in the asynchronous machine and their cause’s, [14]. 

I.2.2 Rotor 

These pressures for the rotor derive from the following factors and have thermal, 

electromagnetic, dynamic, mechanical, and external origins: 

1. The working force; 

2. Dynamic energy that is out of equilibrium; 

3. Transient torques and rotational tremors; 
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4. The notch following flux moving twice at the rotor current frequency produces an 

electromagnetic force; 

6. Thermal pressures brought on by the short-circuit ring's warmth. 

7. Thermal pressures brought on by the bars' starting-up temperature differential (skin 

effect). 

I.3. Different types of asynchronous machine faults 

1.3.1 Mechanical defects 

Mechanical failures are, in general, the most encountered among all the defects in the 

asynchronous machine. These defects can appear at the level of the ball bearings, the 

flanges or the motor shaft, [15]. 

 Bearing faults 

All sorts of electrical apparatus depend heavily on ball bearings to function properly. A 

poor material selection throughout the production process might result in bearing flaws. 

The electromechanical interaction between the stator and the rotor is made out of ball 

bearings. Additionally, they stand in for the component that keeps the machine's shaft in 

place to guarantee appropriate rotor spinning, [16]. 

A broken, chipped, or cracked winding might lead to rotational issues in the bearings, 

which can produce disturbances inside the machine. 

The majority of induction motor problems and causes of bearing aging are found in the 

bearings. This kind of failure, as was previously mentioned, occurs most frequently on 

powerful equipment. It is typically related to bearing wear, and more particularly, to the 

tread or ball deterioration. Its potential causes include wear brought on by age, high 

operating temperatures, lubrication loss, and polluted oil (by metallic flakes brought on by 

the wear and tear on the balls or tread). 

• The manufacturing flaw; 

• Skew currents (Shaft Current); 

The following are the immediate effects of this failure on the bearings: holes in the inner 

and outer bearing grooves; undulation of their running surface; and marble attack. 

•Water-related corrosion, lack of lubrication, and temperature-related issues. 

• Surface separation and cracking brought on by overburden. 

This kind of flaw affects the system by creating vibrations from the motions of the rotor 

along the longitudinal axis of the machine, oscillations of the load torque, the emergence of 
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extra losses, and other issues. A faulty bearing might, in the worst case scenario, cause the 

engine to stall. 

Most often, a bearing's rolling element or one of its raceways degrades by separating, 

creating a shock with each pass. Vibrations caused by defective bearings have frequencies 

corresponding to the rotational rates of the rolling components. They are in accordance 

with the balls, rollers, cage, and the movement of the balls on the rings. The characteristic 

frequencies provided by the formulae below can be taken into consideration for each kind 

of bearing and in accordance with its production, [17, 18]. 

bn  : The number of rolling elements (balls, rollers or needles); 

bD : Diameter of the balls; 

cD  : Diameter of the center of the balls; 

  = The contact angle of the ball with the cage; 

rf : The rotational frequency of the inner ring (the outer ring being assumed to be fixed). 

 

 

 

 

 

 

 

 

Figure I.2: Geometric characteristics of a bearing 

Thus, we have: 

• The following equation provides the frequency at which a rolling element will pass 

through an outer ring defect: 

extF 
2

n b








 cos

D

D
1f

c

b
r                                                              (I-1) 

• The following equation describes how often a rolling element will travel over an inner 

ring flaw that is believed to be positioned on the rotating shaft: 

intF 
2

n b








 cos

D

D
1f

c

b
r                                                              (I-2) 
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•The equation (I-3)gives the passage frequency (Fcage) of a cage defect:  

cageF 
2

1



















c

b
r

D

cos.D
1f


 

So
 

cageF 
b

bint

n

F
                                                                                  (I-3) 

• The following equation can be used to determine the frequency of passing of a ball (or 

roller) fault on the inner ring or the outer ring: 

bF 
b

c

D

D
cos

D

D
1f

c

b
2

r θ     (Hz)                                             (I-4) 

 Flask defects 

The asynchronous machine's flanges most frequently produce errors throughout the 

production process. In reality, incorrect flange location leads to misaligned ball bearings, 

which result in eccentricity at the machine shaft level. A vibration study or harmonic 

analysis of the currents absorbed by the machinery can find this kind of failure. 

 Shaft faults 

These failures are brought on by fractures in the shaft that result from poor material 

selection or poor machine assembly. Cracks can result in the shaft's net fracture under the 

influence of different mechanical, dynamic, thermal, electromagnetic, and environmental 

loads, which will immediately halt the machine. 

 Misalignment 

The three types of misalignment are parallel, angular, and mixed. The main effect of 

bearing flaws (Figure I.3), improper machine assembly poor mechanical connection or 

shaft deformation is the causes of misalignment. 

 

 

 

 

 

 

 

Figure I.3:Incorrect installation of an induction motor 



Chapter 1                                                                                      Asynchronous Machines Fault State  

10 
 

Figure I.3 shows how an induction motor was installed incorrectly. The motor shaft axis is 

linked to the load in the same plane in (a), and the shaft's center of motion is parallel, but 

there is a parallel misalignment. The axial motor shaft is linked with the load in the same 

plane in (b), and the shaft's center of motion is angular. This causes an angular 

misalignment. The center of motion is parallel and angular in (c), which depicts a 

combined misalignment caused by the axial motor shaft paired with the load in the same 

plane. In (d), the installation of the rotor shaft coupled to a load calibrated using a dial 

gauge is adjusted, [19]. 

 Eccentricity 

Natural asymmetries may be found in the rotor's geometry. These basically fall under three 

categories, which are: 

- Static eccentricity: Refers to the situation where the rotor shaft's center  

of rotation differs from the stator's geometric center. 

- The dynamic eccentricity: It relates to a rotor center of rotation that is different from the 

stator's geometric center, yet the rotor also revolves about the stator's geometric center. 

- The two situations mentioned above add together to create the mixed eccentricity. 

 
Figure ‎I.4: Static, dynamic and mixed eccentricity, [20]. 

By monitoring the side rails of the fs frequency of alimentation, it is possible to identify 

enteric eccentricities. 

excF 










p

g)-(1
1fs k

                                                                   (I-5) 

k=1, 2.3..., p: number of pole pairs, and g: slip 
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Monitoring the current notch main harmonics and some of their spectrum components is 

another method for spotting eccentricities. The number of rotor slots Ne must be known in 

order to use this strategy. 

excencF   







 wde nnkN

p

g)-(1
)(fs                 (Hz)                      (I-6) 

With: nw = 1, 3, 5, 7, … 

Ne stands for "number of rotor slots," p for "number of pole pairs," g for "slip," and nd is 

either 0 or 1 depending on whether the eccentricity is static or dynamic. 

While a dynamic eccentricity reveals new spectral lines, a static eccentricity alters the 

amplitude of the principal harmonics of the slots of the stator current. 

1.3.2. Failure due to the supply network 

Random occurrences occur on networks and in electrical infrastructure, with the following 

being the most frequent: 

- Interphase short circuit; 

-Power phase failure and supply voltage imbalance. 

The effects of these anomalies on service continuity and equipment performance vary 

depending on the fault's kind. The latter is brought about by limitations imposed by nature 

or by aerial networks: 

-The climate (rain, lightning, etc…); 

- The environment (tree branches, shotgun pellets, etc...); 

- As a result of the numerous networks' connections. 

Electrical infrastructure can therefore resist a variety of difficult to predict voltage 

disturbances whose effects are defined by either a transitory voltage drop, or a momentary 

blackout. This results in the long-term cut in the worst scenarios, [21]. 

I.3.2.1. Electrical faults 

 Stator faults 

The winding insulation is one of an electric machine's most vulnerable parts, both 

physically and electrically. Partial stator winding insulation failures are the root cause of 

stator defects. Such partial stator winding insulation failures may in turn be brought on by 

one or more of the following factors, including frequent machine overloading, coil 

vibration, frequent motor starts and stops, transient voltage stress, PWM inverter induced 

surges, ambient stresses, and aging of the stator winding insulation. This is especially true 

when there is a significant cable length between a motor and its drive. Heat is produced in 
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the faulty area of a winding as a result of inter-turn faults, which leads the fault to quickly 

proceed to more severe forms like phase-to-phase and phase-to-ground faults, [22]. 

Additionally, there have been instances of short circuits between two phases of a stator as 

well as between a phase and the machine's metal frame. These flaws are typically 

mechanical in nature. In fact, extreme vibrations might cause the machine's terminal board 

bolts to become loose, resulting in a short circuit. A phase opening may be caused by a 

loose lug at the point where the machine terminals and power supply line converge. The 

melting of a protection fuse is still the defect that is most frequently seen. A harmonic 

study of the currents the machine absorbs can find these flaws. The most recurrent faults, 

located at the stator level, can be defined as follows, [23]: 

A. Insulation faults in a winding 

Short circuits may result from the deterioration of the insulators in the windings. In fact, 

the many losses (Joule, iron, mechanics, etc.) cause thermal phenomena that raise the 

temperature of the engine's numerous parts. However, the temperature, voltage, and 

mechanical limits of insulating materials exist. As a result, if an insulating material's 

working environment surpasses one of these limitations, it will begin to degrade sooner or 

more quickly and eventually stop serving its purpose. The following are some of the 

potential causes of this sort of fault:  

• The insulation degrading during production; 

• A winding voltage that exceeds the insulating material's maximum; 

• The rumbling of machines; 

• High current in the winding as a result of a short circuit, a converter malfunction, or 

an overload. This causes a spike in temperature, which causes the insulation's 

substance to prematurely deteriorate; 

• The insulation's maturing naturally. Every insulating substance has a finite shelf life; 

• The insulation inevitably loses its effectiveness even under "normal" use; 

• Working in a hostile atmosphere. 

B. Short circuit between turns 

A reasonably common issue is a short-circuit between turns of the same phase. One or 

more insulation problems in the impacted winding are the root of this failure. It alters the 

power factor, increases the currents in the rotor circuit, increases the stator currents in the 

affected phase, and somewhat changes the amplitude on the other phases. This causes the 

temperature to rise at the winding level, which accelerates the insulators' deterioration and 
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may result in a chain fault (appearance of a second short-circuit). On the other hand, except 

from an increase in oscillations corresponding to the defect, the machine's average 

electromagnetic torque delivery stays almost unchanged. 

C. Short-circuit between phases 

Any point along the winding can experience this kind of failure, but the effects will vary 

depending on where it happens. Analyzing the effect of this malfunction on the system is 

challenging because of this attribute. 

When short-circuit occurs between phases of the supply, it would cause extremely high 

currents that would cause the supply conductors to melt and/or trip the safeguards. On the 

other hand, a short circuit between two phases that is near to neutral creates an imbalance 

without melting the conductors. 

The stator currents are completely out of balance, and the fault that manifests is inversely 

proportionate to this unbalance. When this defect arises, the currents in the bars and rings 

are increased. The imbalance of the phase currents may be used to detect this kind of 

malfunction. 

D. Phase-to-frame short circuit 

Although the frame typically has a floating potential, it is frequently linked to ground for 

mechanical connections. With the exception of the capacitive effects, a short circuit 

between the winding and the frame is unimportant from a material standpoint if the 

potential is floating. Instead, the frame absorbs the winding's potential at the location of the 

short circuit. 

However, this form of failure can be extremely hazardous to personal safety, necessitating 

the installation of protection equipment (residual circuit breakers). The voltage of the 

affected phase remains unchanged in the event of this kind of failure. 

The lowering of resistance and inductance, however, causes the current flowing in this 

phase to grow. The rise in temperature brought on by this increase in current may cause 

insulation problems in the winding. Additionally, this failure will produce a zero-sequence 

component that will cause a pulsing torque to emerge. The leakage current might be 

measured in order to identify this kind of defect. 

E. Magnetic circuit faults 

The majority of the time, these flaws cause the machine to operate asymmetrically, which 

can exacerbate the issue through overheating, overvoltage, considerable increases in 

current, etc…. 
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The various possible short-circuit faults can be clarified by the Figure (I-5), [24, 25]. 

 

 

 

 

 

 

 

 

Figure I.5: Representation of the various possible stator faults 

 Rotor faults 

One of the most frequent rotor problems is the breaking or breakage of the bars. 

Either its notch or the end that links it to the rotor ring might house it. The degradation of 

the bars lowers the electromagnetic torque's average value and raises its average amplitude, 

which in turn causes oscillations in rotational speed and, as a result, mechanical vibrations 

and irregular machine functioning. The machine's degeneration is sped up by the huge 

amplitude of these oscillations. As a result, the torque declines substantially as the number 

of broken bars increases, leading to a cumulative failure. With more broken bars, the 

impact of each one rises quickly. When a result, the torque drops substantially when more 

bars are broken, leading toa chain reaction of failure, [26]. 

 

Figure I.6: The solid model of the BRB in an induction motor 

I.4. Methods of diagnosis 

The diagnosis is the process of determining the most likely reason for the failure(s) based 

on a collection of data from an inspection, check, or test. Is a series of steps designed to 

find the most failure cause. 
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When electrical machinery malfunction, it's common for the entire industrial process to be 

stopped. If an early warning system against potential problems were available, such 

unexpected equipment shutdowns would save time and money. A system like this may 

help enhance process safety, which is important in many industrial settings. 

The two primary diagnostic duties are the identification and localization of problems to 

deliver early alerts of developing errors, allowing remedial action to be conducted without 

negatively impacting process continuity. Electrical machine fault diagnostics can result in 

improved plant availability, longer plant life, higher-quality products, and more efficient 

plant operations, [27]. 

While localization seeks to pinpoint the specific kind of defect, detection consists on 

indicating the issue's presence. Therefore, the goal of diagnostic is to find a flaw early on 

before it causes the industrial installation to fail completely. 

The identification of symptoms frequently makes reference to one's understanding of 

healthy conduct. The shape this knowledge takes determines how and in what form the 

symptoms are produced. For instance, if new spectral lines in an electrical amount reveal 

the defective operation, a signal processing analysis will enable the symptoms to be 

obtained. The method used to treat symptoms varies on both the type of symptom and the 

manner the information is applied in. 

With the resurgence of interest in the diagnosis, a number of strategies are emerging, but 

they may all be categorized along two axes: [28]. 

- The application of mathematical techniques that allow for the modeling of the systems, 

their 

- Failure causes and symptoms to aid inductive and deductive procedures, which fall under 

the category of internal diagnostic techniques; 

- The application of techniques that can simulate human reasoning in computer form. The 

latter fall under the category of external diagnostic techniques and are based on the 

discipline of artificial intelligence. 

Simply said, the taxonomy of diagnostic techniques permits categorization into two 

significant families: 

Diagnostic techniques may be divided into two primary groups, [15, 28 and 29]: 

- Internal and outside techniques; 

- Deductive and inductive reasoning. 
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I.4.1 Diagnosis by internal methods 

This approach is based either on the estimate of intangible signals or on the operational 

parameter monitoring. They presumptively have a complete understanding of the 

procedure represented by a numerical model. Modeling in the comparable three-phase or 

two-phase reference frame is required in the case of the asynchronous machine, [21, 29]. 

This model could change based on the goals. It may be more or less aggregated, illustrative 

of a model of proper functioning, or indicative of one or more faults in operation. 

A model is often a formal (mathematical) description of the system under observation. 

Different versions of the may be described mathematically using differential equations or 

difference equations, and they can be continuous or discrete time. 

Mechanical and electrical model parameters are documented and utilized as a "signature" 

of the flaws. Quantities characterized by the state of the process, known as residuals, are 

used to check the agreement between measurements and model calculations. 

These internal diagnostic techniques compare real measurements taken from the system to 

be monitored with the data given by the model. The system's functioning is characterized 

by deviations: a deviation of zero indicates that everything is operating as it should; a 

divergence of more than zero indicates that something is wrong. 

In addition, these procedures may be divided into two categories: parametric estimation 

techniques, which try to estimate the model's parameters, and analytical redundancy 

methods, which employ state estimation techniques. 

Depending on the model being used, internal diagnostic techniques vary: 

 Diagnosis by analytical redundancy (parity space) 

The word "parity" was taken from the lexicon of logic systems, where error detection is 

made possible by the creation of parity bits from an analytical redundancy relationship. 

An equation with known variables is known as an analytical redundancy relationship 

(ARR). It must be insensitive to disruptions and sensitive to defects. By projecting the 

measured data into a space and using the relationships created, residuals may be produced. 

It is sometimes described as the orthogonal of the observe ability matrix, which essentially 

means that the state's impact on the residue is eliminated. This technique's explanation will 

focus on how to utilize it to find and locate faults. The idea is to develop parity 

relationships that are independent of unknown parameters but nevertheless sensitive to 

faults in order to assess the consistency of the measurements and find errors. The state and 
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measurement equations are rewritten using this method, allowing only known variables 

(commands and outputs) to appear. 

It is important to model the system realistically enough (actuators, control devices, alarms, 

etc…) to be able to account for all failures at all levels since the quality of a choice 

depends on the quality of the model. The majority of techniques rely on linear 

representations of discrete-time equations of state; alternatively, linearization is performed 

in the vicinity of the operational points. We may think of the system parameters as being 

independent of time (constant) around the operational point since we presume that they 

slowly vary over time. 

Through the use of the constant matrices A, B, and C, the state, [15, 30]. A, B, C are real 

and constant matrices of dimensions n .n, n .p and q .n 

With: n, p, q whole numbers. Space model connects the state vector x(k) to the input vector 

u(k) and the output vector y(k), [15]. 

1)x(k   )()( kBukAx                                                               (I-7) 

y(k)  )(kCx                                                                                 (I-8) 

By taking into account the additive failures (k)pf , and the noises and disturbances (k)pw

in the model becomes: 

1)x(k   (k)(k))()( pp QwfkBukAx                                   (1-7) 

The model becomes by factoring in the additive failures (k)Uf , as well as the sounds and 

disturbances (k)Yf : 

Ú(k)  (k)(k))()( UU wfkBukU 
                                         

(I-9) 

Ý(k)  (k)(k))()( YY wfkBkY Y                                          (I-10) 

As the new actuator command, Ú(k) , is now used, and Ý(k)  is used to measure the output 

Y(k) . 

When comparing the parameter matrices to those of the actual system, we obtain: 

*A  (k)AA                                                                            (I-11) 

*B  (k)BB                                                                            (I-12) 

*C  (k)CC                                                                           (I-13) 
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Through these relationships, the mathematical representation of the system is changed to 

account for the numerous additive defects. 

 Diagnosis using observers 

The fundamental idea behind this approach is to treat the outputs' estimate mistakes as 

residuals. Building structured residues, or determining where flaws are, is the goal.  

To assure the location of defects, it may occasionally be required to deploy several 

observers To assure the location of defects, [31]. 

 

Figure ‎I.7: Diagnostic methods by observers, [33]. 

 Parametric estimation 

The parametric estimating technique takes into account the fact that flaws have an impact 

on the parameters that control the system's dynamic behavior. The fundamental idea 

behind this approach is to continually estimate process parameters using input/output data 

and assess how far they deviate from the reference values of the process's steady state. By 

parameter, we mean one or more aggregates of physical properties, such as the system's 

mass, viscosity coefficient, etc. The benefit of parametric estimate is that it can reveal the 

significance of variances. 

In order to identify and pinpoint faults, this diagnostic technique first extracts the system 

parameters from the knowledge rules of a knowledge model. 

Process 

Observer 
Generation of 

residue 

Control inputs u(t) 

Defaults f(t) 
Perturbation d(t) 

Output y(t) 

Residuals r(t) 
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Determine the numerical values of the structural parameters of a knowledge model that 

controls the dynamic behavior of the system in order to discover and locate faults using 

parametric estimate, [31, 32]. 

To characterize the system in both healthy and impaired functioning, the first step is to 

create a mathematical model of appropriate complexity. In fact, the model used will 

depend on the kind of defect we're trying to find. 

To identify and find the stator or rotor flaws, it is necessary to distinguish at the level of 

the estimated physical characteristics. Parametric estimate diagnostics frequently employ 

Park's model. The apparent rotor resistance rises as a result of bar breakage, [16, 34]. 

However, the method's primary disadvantage is the requirement for a physically stimulated 

system that is always present. Thus, in the event of risky, pricey, or immovable procedures, 

practical issues arise. Additionally, unitarily invertible correlations between mathematical 

and physical quantities are not always present, which makes residual-based diagnosis more 

challenging. 

I.4.2 Diagnosis by external methods 

The premise behind external diagnostic techniques is that no model is available to explain 

cause and effect connections. The sole source of information is human skill acquired 

through learning. The recognizer looks for cause and effect links using observers from the 

system, including inputs and outputs. The categorization algorithm is what makes these 

diagnostic approaches work. 

I.4.3 Diagnosis by inductive methods 

In general, there are two types of classification techniques: supervised learning methods 

and self-learning techniques. The classes linked to the training data must be known 

beforehand by methods that use supervised learning. 

Supervised learning methods involve training a model on a labeled dataset, where each 

instance is already classified into one of several categories. The model then uses this 

training data to learn patterns and relationships between the input features and the output 

labels, allowing it to classify new instances that it has not seen before. 

Self-learning techniques, on the other hand, do not require labeled data. Instead, they use 

unsupervised learning algorithms to cluster similar instances together based on their 

features. The model then assigns labels to these clusters based on the majority class of the 
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instances within them. Over time, as more data is collected and labeled, the model can 

refine its clustering and labeling algorithms to improve accuracy. 

Both supervised learning and self-learning techniques have their advantages and 

disadvantages depending on the specific application and available data. Supervised 

learning is generally more accurate but requires labeled data, while self-learning can be 

used with unlabeled data but may be less accurate initially. 

The traits of the classes are always determined by analyzing a vector that summarizes the 

data (individual) and corresponds to the system samples. 

The learning phase distinguishes the two types of approaches. 

The approaches found in "Machine Learning" in the context of methods based on data 

mining allow for the creation of simpler categorization rules or expressions, resulting in 

results that are straightforward to understand. 

One of the goals of these techniques is to minimize human involvement in the learning 

process while still making the lessons that are produced simple to understand. 

These diagnostic techniques fit into a bottom-up or forward-looking strategy. It is a matter 

of identifying the flaw based on how it affects the system. To understand the symptoms 

and their combinations in order to identify the fault, these systems employ a forward 

reasoning mechanism. 

I.4.4 Diagnosis by deductive methods 

The primary characteristic of these approaches is backward thinking. The impacts in the 

systems must be discovered using deductive techniques. It is feasible to establish or 

disprove the existence of the fault by comparing the "effects found in relation to the 

possible effects". A diagnosis may be made using either one kind of reasoning (forward or 

backward) or both forward and backward reasoning. Reasoning is referred to be mixed or 

forward-backward reasoning in the latter scenario. Knowing the "defect" cause "a priori" 

entails being aware of certain effects, [16, 29]. 

The motor current signature analysis (MCSA) is one of the most widely utilized fault 

detection techniques. This method relies on pinpointing specific harmonic components via 

spectrum analysis in the line current generated by abnormal rotating flux components 

brought on by flaws such broken rotor bars, air-gap eccentricity, and shorted stator 

winding turns, among others. It should be noted that this approach only needs one current 

transducer, which can be in any one of the three phases. The motor current signature 



Chapter 1                                                                                      Asynchronous Machines Fault State  

21 
 

analysis approach can identify these issues early on, helping to prevent subsequent damage 

and total motor failure, [36, 37]. This technique is an effective tool for finding mechanical 

and electrical defects. It differs from previous methods in that it simply needs a current 

sensor (effect probe), rather than introducing a sensor at the machine level or using pricey, 

bulky equipment. A device (such as a current transformer or hall) that displays the stator 

phase current. The FFT (Fast Fourier Transform) is one of the most popular and well-

established methods of signal analysis that has been offered for the diagnosis of problems, 

[38]. 

Unfortunately, FFT-based approaches cannot extract the information included in non-

stationary signals and are not suited for signal analysis, [39]. Non-stationary parts typically 

have a wealth of information concerning mechanical issues. 

The wavelet transform (WT), a different method for dealing with such non-stationary 

signals, has the advantage of being able to capture how the parameters of the signals, their 

frequencies and instantaneous amplitudes change with time. To put it another way, the WT 

makes it possible to describe the signal in the time-scale domain, which eliminates  

the Fourier transformation's issue of losing temporal information. It is becoming  

clear that the booming wavelet approach is an effective instrument for signal processing, 

[40, 41 and 42]. 

I.4.4.1 Fast Fourier transform (FFT) 

A key component of both mathematics and physics is Fourier analysis. The first reason is 

that the idea of frequency, on which it is founded, is universal. The second reason concerns 

Fourier analysis' inherent structure, which lends itself well to basic transformations like 

linear filtering by translating them in a particularly straightforward manner, [43]. A true 

image of the imbalances that occur in the machine can be obtained through signal 

processing analysis of the line values (current, voltage, and power), [44]. 

A popular method for locating faults in asynchronous devices is the Fast Fourier 

Transform (FFT). It performs well in applications that need for a lot of power or constant 

torque. The bearing fault component's FFT analysis will show all of the fault's 

characteristics, including frequency and magnitude responses, [45]. 

Over the years, numerous investigations using the fast Fourier transform (FFT), [47, 48]. 

The spectrum of stator currents can be employed in FFT-based motor current signature 

analysis (MCSA) to identify BRBs and stator winding defects in motors, [49]. By 
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contrasting the effectiveness of various diagnostic techniques to identify and quantify 

BRBs in induction machines, the superiority of diagnostic techniques based on FFT 

analysis of sideband current components is shown, [50]. 

A set of precise signal spectrum values can be broken down using the FFT method from 

one domain to another. Each step of the process consists of a signal spectrum that may be 

analyzed using a little amount of data to ascertain the variation in the dataset [46, 51]. 

Any periodic function can be represented as the sum of a series of sins and cosines whose 

amplitudes are changed by multiplying them by coefficients on the one hand, and whose 

phases are changed by shifting them so that they add up or balance each other on the other, 

[52, 53]. 

dtetx tfj ..2).(X(f) 

                                                            (I-14) 

dtetx tfj ..2.X(f))( 

                                                                          (I-15) 

But Fourier analysis immediately reveals its limitations because of the nature of the 

method: Its calculation necessitates understanding the entire temporal history of the signal 

(equations (I-14), Fourier transformation, and (I-15), inverse Fourier transformation). In 

addition, while time information is present in a Fourier transform (making the inverse 

transform possible), it is buried in the phases and is therefore nearly impossible to extract. 

The choice of a weighted window for the analysis (Blackmann window, Hanning, 

Hamming, etc…), as well as the window size that will affect the resolution, is necessitated 

by the study of a signal across a known interval. The greatest resolution that can be used 

will also depend on the size of the window. In fact, N: ∆f=fs/N. states that the frequency 

accuracy depends on the sampling frequency and the number N of samples. This 

fluctuation can be used by the FFT method to find induction motor defects. As a result, the 

method will be quicker than DWT in signal analysis, [54]. 

The formula below can be used to examine the FFT data, [55]. 

fb=   (1±2sk)fs.   HZ                                                                     (I-16) 

 

Where: 

fb :is the sideband frequency associated to the BRB; 

s: is the per-unit motor slip;  

fs: is the frequency of the power grid in which the motor is connected and k is the number 

of the broken bar. 
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Figure ‎I.8:Idealised current spectrum  

One of the most well-known methods for rotor problem diagnostics in induction motors is 

based on processing stator currents to find recognizable spectrum lines. Due to the rotor 

asymmetry, an induction motor operating with defective rotor bars generates a negative 

sequence of stator current. At a frequency (1± 2s)fs near the fundamental frequency, this 

main component grows. 

By observing the current spectral components, it is possible to identify the two frequencies 

(1-2s)fs and (1+2s)fs that enable broken rotor bars. Using the stator currents Isa phase 'a', 

observe how the machine behaves in both healthy and malfunctioning states (broken one 

bar, broken two bars, broken three bars, broken four bars). Analysis of the current's 

frequency spectrum at about 50 Hz.dsqw  

 

 

 

 

 

 

 

Figure ‎I.9:Fast Fourier transform (FFT) principal  

I.4.4.2 Wavelet transform (WT) 

The position and amplitude of fault-related features might be affected by external 

influences, making frequency domain analysis unreliable for fault identification. The fault 

frequency components of this parameter depend on the motor's slip, its amplitude depends 

on load, its frequencies are affected by voltage fluctuations, and its fourth classification 

requires a long sampling interval for a high-resolution frequency. As a result, frequency 

domain studies are often appropriate for steady-state conditions. 
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The time-frequency analysis of the signal, which depicts the signal in three dimensions as 

time, frequency, and amplitude, can avoid the issue associated with the analysis of non-

stationary signals. Wavelet transform is the most often used time-frequency representation. 

A signal is expressed using the wavelet transform as a series of oscillatory functions at 

various frequencies and times. The original signal is divided into time-scale space via the 

wavelet transform, where the dimensions of the windows at time and scale (frequency) are 

flexible, [58]. In order to extract the dominating characteristics from the original signals in 

the fault diagnostics domain, wavelet transform has been utilized, [59]. 

Because wavelets have a finite time length and frequency bandwidth, they are localized in 

both the time and frequency domains. Because of the localization feature of wavelets, the 

wavelet transform may represent a signal with a small number of coefficients, [62]. 

 

 

 

 

 

Figure ‎I.10:Wavelet transform (WT) 

I.4.4.2.1 Continuous wavelet transforms description (CWT) 

In this transformation, the spectral development of the signal frequencies is first 

ascertained and then contrasted with the spectra of other signals. The CWT is a subtype of 

the WT that is employed particularly when it is difficult to detect overlap between the 

neighboring signal and the frequency supply signal. How the scale parameter is discretized 

distinguishes the CWT from the DWT. Scale is discretized more precisely by the CWT 

than by the DWT. The no orthogonal collection of wavelets used in CWT results in highly 

correlated data with significant levels of redundancy, [63, 64]. 

Two parameters; "a" for the scale parameters and "b" for the translation parameters make 

up the continuous wavelet transform. It is comparable to the Fourier transform with sliding 

window, with the exception that the analysis's sliding window is changeable over time.  

The mother wavelet )(2 RL , which is a fixed function, is translated and enlarged by the 

wavelet transform. The translation and dilation parameters change continually in the case 

of the continuous transform, [65]. 
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In other words, the following functions were employed by the transform: 








 


a

bx

a
xba

1
)(,                                                                (I-17) 

The distance is used to dilate (compress or lengthen) the function  , and b is used to 

translate (move it along the time axis) it using 0,,  aRba ,  or a scaling factor x. 

When we use these wavelets to analyze a signal f(x), we turn it into a function of two 

variables, the time and the scale of analysis, which we may denote by ),( baW : 

                (I-18) 

Which can also be noted: 

(I-19) 

 

The factor
a

1
 normalizes

ba,  in order to preserve the energy of the analyzing motif: 

1)(
2

,

2

2,   dxxbaba                                                          (I-20) 

Since the wavelet is continually translated, this transformation is theoretically eternally 

redundant. However, there are ways to limit this redundancy, and one of these ways 

involves using the discrete wavelet transform, [66]. A sizable family of wavelets includes 

the following: 

Name of wavelet families Short name in Matlab 

Haar wavelet Haar 

Daubechies wavelet DB 

Biorthogonal wavelets Bior 

Meyer wavelet Meyr 

Discrete approximation of the Meyer wavelet Dmey 

Battle and Lemarié wavelets Btlm 

Gaussian wavelets Gauss 

Mexican hat wavelet Mexh 

Morlet wavelet. Morl 

Shannon complex wavelet. Shan 

 

Table 1.1: Wavelet Families 

bafbaW ,,),( 

dxxxf
a

baW ba )()(
1

),( , 
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Figure I.11: Some forms of usual wavelets 

I.4.4.2.2  Discrete wavelet transforms description (DWT) 

In situations where time-frequency domain signal analysis is required, discrete wavelet 

transform is widely used. This is the most effective method for obtaining transient-based 

nature signals. The discrete wave transform is used to generate an approximation for low 

frequency feature points and detail coefficients for high frequency feature points, [67, 68]. 

The DWT uses a scaling factor and a discretized translation, whereas the continuous 

wavelet transform results in the discrete version. A dyadic discrete wavelet transform is 

any basis of wavelets that acts with a scale factor of a = 2. Evidently, the discrete wavelet 

transform may be successfully applied to any digital system (PC, DSP, CARTE a P...). 

Although the continuous nature of the scale factor and the dilation need extra processing, 

the continuous wavelet transform CWTmay also be utilized on digital systems,  [69]. 

For scaling functions , we provide the following foundation: for any zi : 

)2(2)( 2
, jtt i

i

ji  



                                                                    (I-21) 

And similarly the wavelet basis: 

)2(2)( 2
, jtt i

i

ji  




                                                                  

(I-22) 

The dyadic scaling factor leads to: 

)2()(2)( jtjht
j

 

                                                                 

(I-23) 

)2()(2)( jtjgt
j

                                                                  (I-24) 

The breakdown of the ladder function and the wavelet into linear combinations of the 

ladder function at high resolution is directly represented in equations (1.23) and (1.24). 
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Another way to think about the wavelet transform is as a method of breaking down the 

signal into approximations and details.  

The original signal f(t) goes through two complimentary high pass and low pass filters and 

emerges as two signals, correspondingly the approximations signal A and the details signal 

D. As illustrated in Figure (I.12),  [70]. 

• The signal's large-scale, low-frequency portion is the approximation. 

• The details signal is the high-frequency, small-scale portion of the signal. 

As we previously mentioned, we must choose two signals that are the same size as the 

original signal in order to conduct this operation on a real signal. The result of the two 

signals, each with 1000 samples, results in a total of 2000 samples, assuming for the time 

being that the initial signal had 1000 samples. 

To offer two vectors, correspondingly abbreviated as CA (Approximation wavelet 

coefficients) and CD (Detail wavelet coefficients). Both are around half the original size of 

the vector. The decimation by two (down sampling) method is what led to this,  [71]. 

 

 

 

   

  

 

 

 

 

 

   

  

 

Figure I.12: Simple decomposition of signal f into approximations and details 

Iterative decomposition, which alternately decomposes consecutive approximations, can 

divide a signal into many high resolution components. This is the wavelet decomposition 

tree. Since parsing is an iterative process, it is possible that it will never end. Actually, just 

one sample or pixel at a time may be used to decompose the specific information. The 

correct number of levels will really be chosen based on the characteristics of the signal to 

f 
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be decomposed or another suitable criterion,  [71, 72]. Using Mallat's approach, the signal 

may be separated into several levels, as seen in Figure 1.13. 

The discrete temporal signal f(n) may be broken down into its approximate and precise 

forms using multi-resolution analysis. The initial decomposition coefficients, jA and jD , 

describe the original signal f(n) in approximate and detailed ways, respectively. It is 

possible to separate a signal into its individual frequency bands using wavelet 

decomposition. After dividing by the number of times, we will get frequency bands with 

the same bandwidth. 

lnn i
iffi

2....,,.........2,1,
2

,
2

)1(








 

                                             

 (I-25) 

The various stages of breakdown can be represented with their respective frequency bands 

using relation  (I.25) is illustrated in Figure I.13, [73].  

 

Figure I.13: Tree of decomposition of a signal into four levels 
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The total of the approximation and detail signals may be used to estimate the original 

signal at any level, per the decomposition tree (Figure I.13).  

The original signal is recreated for a breakdown into four levels as follows: 


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(I.26) 

Such that in frequency band i, nf is the Nyquist frequency.  

A extension of the discrete wavelet decomposition that provides a wider variety of options 

for signal analysis is the wavelet packet approach. A signal is divided into approximation 

and detail in wavelet analysis. 

Following that, the approximation is divided into second-level approximation and detail, 

and the procedure is repeated. There are (n+1) potential methods to deconstruct or encode 

the signal for an n-level decomposition. 

Wavelet packet analysis allows for the decomposition of both specifics and 

approximations.  More than 22-1 distinct signal decompositions are produced as a result. 


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(I-27) 

The original signal in the wavelet packet decomposition is calculated by adding the 

approximation and detail signals at each level, much like in the wavelet decomposition. 

Whose basic principle is given by the Figure I.14. 

The original signal, whether it is stationary or not, is divided into several frequency bands 

by the wavelet packet.  

The separated frequency bands include no duplicate data. It may be suggested as a defect 

diagnostic technique and is an effective analytical strategy based on multi-resolution, [75].  
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Figure I.14: 3rd order wavelet packet decomposition 

 

After differentiation, the extraction of the fundamental of the stator current, or any other 

pre-processing, the diagnosis of the defect is based on observation and comparison 

between the layers of decomposition that carry the knowledge of the issue for different 

machines to be diagnosed. 

When the fault of the rotor bars, a section of the short-circuit ring, or a short-circuit at the 

level of the stator windings of the asynchronous machine manifests, the wavelet or wavelet 

packet decomposition results in the inclusion of the fault information of the stator current 

signal in each frequency band.  

By calculating the energy associated with at each level or node of the decomposition 

process, a very effective diagnostic tool may be built, [76, 77]. Each frequency band's 

energy eigenvalue is described. 
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such that degree of decomposition j is met. 

The plot of these values may be used to detect defects in the squirrel-cage asynchronous 

machine and to determine the degree of default. The eigenvalues of energies of the levels 

of the decompositions contain the information of the signals in an asynchronous motor. 

The degree of the fault is indicated by the divergence of a particular eigenvalue. 

 

I.5 Conclusion 

We reviewed the structure of the asynchronous machine at the beginning of this chapter 

before classifying the problems that are most likely to damage the various components of 

electrical machines (eccentricity, short circuit, breaking of the bars, etc.). The reasons of 

mechanical and electrical failures of these equipment were then listed in a non-exhaustive 

manner. 

The three critical processes of detection, localisation, and identification make up all 

diagnostic techniques discussed in the literature. The diagnostic method used for system 

monitoring relies on the way the system is presented (with or without a model) and the 

kind of defects (sensor, actuator, or system failure) that are present. 

We concentrated on techniques based on identifying particular machine parameters, such 

as diagnostic techniques (FFT and WT), and we observed that the detection of a fault, 

whether mechanical or electrical, is based on the spectral content of signals and frequently 

from the current absorbed by the asynchronous machine. 

In general, when a problem manifests, the machine's topology is altered, implying the 

emergence of certain fingerprints on specific physical quantities or specific parameters that 

are reflective of its structure. The implementation of the detection and localization 

algorithms that are the focus of this thesis work revolve around the extraction, exploitation, 

and analysis of these changes. 

Knowing the components that make up the asynchronous cage machine allows one to 

locate a simulation-specific model that provides a rough idea of the machine's condition 

during various operating regimes (healthy or defective), and which will be the focus of the 

second chapter. 
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Therefore, picking an identification model is an important first step since it will have a big 

impact on how well the associated identification algorithm performs in terms of stability 

and precision. 
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II.1.Introduction 

Research in the diagnosis of the asynchronous machine on primarily mechanical faults 

(vibrations generated by a defect in the bearings) or electrical faults (short-circuit at the 

level of the stator of the machine and broken bar) requires modeling in the presence of 

faults. They enable the comprehension of flawed operation and the validation of algorithms 

for fault identification. Additionally, they enable us to create databases on how these 

defects manifest themselves electrically and magnetically. So, the main reason for creating 

a model in the context of diagnostics is the capacity to simulate mistakes. It is evident that 

this modeling stage is a necessary step in understanding how the machine behaves in all 

operational scenarios. The generalized machine and its accompanying equations of state 

are used as the foundation for this modeling of the asynchronous machine. 

To describe the diagnosis, a model built using the circuits' electrical and mechanical 

equations typically work well. Short simulation times are a result of the algebraic 

formulation's simplicity.  

The modeling's accuracy is also respectable the traditional approaches to investigating this 

kind of machine rely on straightforward models in the frame (d, q).However they ignore a 

few occurrences [78]. 

The physical models are based on the electromagnetic principles to explain how the 

machine works. Depending on the modeling technique employed, these models can have 

varying degrees of complexity and/or precision. Therefore, Behavioral models as for them, 

they alter the physics-derived models by adding new parameters that permit the detection 

and, in certain circumstances, the localization of the detected fault. Direct use of these 

behavioral models in diagnostic processes is possible [79]. 

Numerous studies [81, 80] on the modeling and simulation of asynchronous machines have 

been conducted in recent years in an effort to find the model that most closely 

approximates the behavior of the real machine as well as one that can simulate both the 

state of proper operation (the healthy case) and the state of malfunction (the case with a 

defect). 

These models are regularly transformed and have their reference axes changed, which 

results in theoretical interpretations that cannot be utilized to study localized effects like 

the breakage of the machine's rotor bars by separating them from the impacts of other 

incidences. These models, however, lack precision and can only accurately depict a 
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machine's sound functioning [12]. Due to this, more complex models (such as the multi-

winding model in closed loop ) had to be used to create a description that was appropriate 

for the faults. For an asynchronous cage machine, the modeling techniques discussed in 

this chapter's objective are to enable the description of a bar break. 

II.2.Multi-winding model of the asynchronous machine in closed loop 

 

 

 

 

 

 

 

Figure II.1: Three-phase squirrel cage motor. 

As is well known, maintaining and diagnosing the rotor is challenging due to its 

inaccessibility. The process of creating new models caused a significant revolution in the 

industrial world because of the enormous diversity and diverse goals of the simulation 

model in diagnosing the electrical machine. 

The goal is to move forward with the creation of an asynchronous machine model that 

emphasizes the impact of the researched faults on the machine's observable quantities, 

namely the currents, in order to investigate the underlying phenomena. There are several 

options. The finite element allows for the simulation of the machine's operation under 

malfunctioning situations [79, 82] and is based on the distribution of fields and currents at 

any location of the machine. This approach is computationally costly and necessitates an 

understanding of the asynchronous motor-related geometrical factors and material 

properties. The second strategy used in this case understands the machine from the 

perspective of circuit theory.  

Considered is a three-phase squirrel cage motor. Its rotor is made up of Nb insulated bars 

that are evenly spaced throughout its surface and are short-circuited by two rings. The cage 
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is modeled as a mesh circuit in a model that is used to analyze its performance, as seen in 

Figure II.1. In order to account for one of the two rings, the number of differential 

equations derived for the model is equal to the number of bars plus one  [78, 83]. 

These simplifying hypotheses are typically used in the research of this device to translate 

the laws of electromagnetism. 

- A continuous air gap; 

- Neglecting the impact of the notches; 

- Sinusoidal distribution of the magnetomotive forces in the air gap; 

- A magnetic circuit with constant permeability that is unsaturated; 

- Minimal losses in ferromagnetic field; 

- The skin impact and heating's effects on the features are not taken into consideration; 

The following are significant repercussions of the assumptions: [84, 85]. 

- The flows' additively; 

- The self-inductances' constant; 

- The mutual inductances between the devices are subject to the law of sinusoidal 

variation. 

- The windings of the stator and rotor in accordance with the electrical angle of their 

magnetic axes. 

II.2.1 Calculation of inductances 

II.2.1.1 Stator part 

The circulation of the magnetic field H produced by a thi  stator phase at any place may be 

estimated by using Ampere's theorem to a closed contour. 

Ampere's theorem states that we have [86, 87]: 

 Hdl 
p

IN ss                                                                                     (II -1) 

sN Number of stator turns per phase; 

sI Current of a stator phase; 

p Number of pole pairs; 

The maximal induction in the air gap, starting with the formula (II -1), is equal to: 
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maxB 

ep

IN ss

..2
0                                                                                  (II -2) 

With: 

e   Air gap [m] 

0  = 7104      Magnetic permeability of vacuum [H. 1m ] 

The Fourier series decomposition of induction provides the fundamental: 
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IN ss                                                             (II -3) 

In order to obtain the magnetic flux in the air gap, by poles, expression (II -3) is integrated. 

Along the machine, roughly at a polar interval [88]. 

We compose: 
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Dou the main flux of the stator winding: 

sp  
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So: 

 sspsp IL .                                                                                         (II -5) 

Therefore, provides the main (magnetizing) inductance of the stator phase "n" according to 

(II -5): 
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4
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The leakage flux is given by: 

 sfsfs IL .                                                                                        (II -7) 

The cyclic inductance
scL : 
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Due to the symmetry of the stator windings, which are 
3

2
degrees offset. The three phases' 

correct mutual inductances are as follows: 
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The mutual inductance between the stator phases is computed as: 
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2

spL
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II.2.1.2 Rotor part 

It is essential to have a model of the machine that can take into consideration its transient 

behavior during load and voltage fluctuations in order to replicate the functioning of the 

system. 

For this, we created a model of the rotor using meshes that were magnetically and 

electrically linked, with each mesh consisting of two bars and the two rings that connect 

them (figure II.2). 

It should go without saying that the key to a successful simulation of an induction motor is 

the computation of all the inductances. We can determine the rotor circuits' inductances 

thanks to their architecture [33]. 
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Figuire II.2: Cage rotor mesh 

 

The magnetic induction distribution can be used to determine a rotor mesh's primary 

inductance. The sum of the primary inductance, the leakage inductance of the two bars, 

and the leakage inductance of the two segments of rings of the short circuit closing the 

mesh k determines the total inductance of the k
th

 rotor mesh, The magnetizing inductance 

of a rotor loop and the mutual inductance between two rotor loops are the result, giving us 

two different forms of inductance. 

Assuming constant air gap permeances, the expression for the air gap induction produced 

by a rotor loop is as follows: 

  rkB1


rk

r

r
i

N

LN

e


0                                                                  ( II -9) 

rkB2 
rk

r

i
eN

L
0

                                                                 (II -10) 

A rotor mesh k producing magnetic induction in the air gap is seen in Figure II.3 as a 

function  of its presumed radial form. 

rN Number of rotor bars, rki  current in the loop [A], k=1,..., rN and kB  rotor mesh "k" 

produces a magnetic field in the air gap. 
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Figure II.3: Magnetic induction produced by a rotor mesh  

If each single-turn coil in the rotor mesh, through which a current 
rki travels, serves as the 

location of the primary flux, then: 
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The primary inductance of a rotor mesh is thus: 
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So the expression is given by: 

  ebrprr LLLL .2.2                                                                     (II -13) 

The Winding Function reduced size makes it simple to compute these inductances. The 

following equations can be used to calculate the inductance between any two windings " rki

" and "j" in any electric machine. 
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As a result, the following relation may be used to represent the mutual inductance between 

non-adjacent (disjoint) rotor cells: 

 LR
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M
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rr ...2
1 0

2

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                                                                        (II -15) 

The following equation describes how the k
th

 cell and its surrounding cells' mutual 

inductance. 
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II.2.1.3 Stator and rotor mutual inductance 

Since our rotor is caged, only the inclination coefficient is taken into consideration when 

calculating these inductances. The mechanical angle is then introduced between the stator 

phase and the rotor loop for the flux calculation [89, 90], with n= (1,2 and 3) giving us: 
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The flux may be used to compute the mutual inductance stator-rotor expression, which is 

provided by: 
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Figure II.4: Position of the rotor mesh, relative to the coil stator of the phase 
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The mutual inductance between the k
th

 cell and phases "b" and "c" of the rotor is provided 

by e
me

, while the mutual inductance between phase "n" of the stator and the k
th

 rotor mesh 

is represented as: 
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With : 
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 The electrical angle between two rotor cells. 

II.2.2 The Park transform 

We employ the magnetically equivalent two-phase representation produced by the Park 

transformation in order to streamline the machine model and create a system with constant 

coefficients. 

        With the help of this transformation, a three-phase system called Xabc with windings 

along the Sa, Sb, and Sc axes can be changed into a system with windings along the 

orthogonal Sd, Sq, and So axes, which is equivalent in terms of the strength of the 

magnetic fields and the instantaneous electric and magnetic energies.  

In the three-phase quantity system, the instantaneous total of the three phases equals zero. 

As a result, the homopolar component can be cancelled. It is possible to reduce the marker 

(o, d, q) to a two-phase marker (d, q) [108]. 

In this work the Park transform was used and applied to the equations and The Park 

transformation consists of transforming a three-phase system ( cba ) into an equivalent 

two-phase system ( qd  ), as shown in Figure II.5 .  
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Figure II.5: Angular identification of axis systems in electrical space 

We have : 

  abcV  =  R   abcI  + 
dt

d
  abc                         (II.20)                   
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(II.21) 

The linear transformation  p  is applied to the previous equation [108]. 

  p  
-1  dqoV  =  R  p -1  dqoI + 

dt

d
     dqop 

1
                                      (II.22) 

With : 
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                   (II.23) 

This matrix is orthogonal, that is to say   p t 
=   p -1 

The Park transformation can be 

applied to voltages, currents and flows. 

By multiplying (II.22) by  p  : 
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                            dqoV  =  R  dqoI +
dt

d  dqo  +  p (  p
dt

d -1
)  dqo                             

(II.24) 

We demonstrate that: 

                            p (  p
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We finally obtain the system of Park's equations. which thus constitutes a dynamic 

electrical model for the equivalent two-phase winding:  
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(II.26) 

      For the reduction of the matrix of the inductors the transformations proposed establish 

the relations between the fluxes of axis d , q , o  et axis flows a , b , c  : 

                            sdqo  =   sp   sabc  et  rdqo  =   rp   rabc                          (II.27) 

      The usual stator power supply mode and the structure of the rotor windings giving zero 

to the sums of the stator currents and of the rotor currents, the index components ( 0 ) are 

zero.  

       Under these operating conditions in non-degraded mode, the flow of axes d  et q  are 

simply defined by the three constant parameters  Ls  , Lr , M , and linked to the currents by 

the relation (II.28) : 
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Ls  Rs Lr  Rr 

Ls  Rs 

Lr  Rr irq 

Vsq 

isq 

Vs isd 

      Substitution of dummy windings dS , qS , dR , qR  to three-phase windings allows, by 

interpretation of their representation in figure (II.6), quick equation writing (II.28). 

 

  

                                                            

      

 

 

 

 

 

 

 

 

 

Park's equations of the tensions, stator and rotor are written: 

                           qs
sds

dssds
dt

d

dt

d
IRV 
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                                                    (II.29) 

                           0


 qr
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drrdr
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d
IRV
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 dr
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IRV


           

II.2.3 The Equations for of the asynchronous machine in closed loop a 

Multi-winding reduced size model 

d 

q 

s

Sa 

Figure II.6 : Representation of fictitious axis windings d and q 
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II.2.3.1. stator : 

For the entirety of the static phases, deduction is made [91,92]. 

                            sabcV  =  sR    sabcsabc
dt

d
I                                              (II -30) 

The electrical equations in the rotating representation are written as follows: 
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                                                        (II -31) 
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                                                         ( II -32) 
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So : 

           )1(10 )1cos(.....cos.....1cos0cos  Nrrrjrrsrdsscds INrIjIIMIL   ( II -34) 

In the same way for qs  

     )1(10 )1sin(.....sin.....1sin0sin  Nrrrjrrsrqsscqs INrIjIIMIL  (II-35) 

Following the derivation of equations (II -34)and (II -35), one came to: 
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And: 

                            
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So ,the equations are written in the following format: 

                                   IRVI
dt

d
L                                                                          ( II -38) 

 

 

 

 

 

 

 

 

 

 

Figure II.7: Representation of the windings of the three-phase asynchronous machine 

II.2.3.2. rotor: 

The Figure II.8 depicts a caged rotor [93, 94 and 108]. 
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Figure II.8: Representation of a rotating maille 

rkI Represents the current wire flow K , bkI the current of the bar K .   

For the k   n° 1 

                           )1(  krrkbk III                                                                        ( II -39) 

For the k    n° 2 

                           rkkrkb III   )1()1(                                                                     ( II -40) 

The electric equation relating to the mesh K  is: 
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Formulas (II -39) and (II-40) are replaced in equation (II-41); so the electric equation 

relating to the mesh K  becomes: 
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The following determines the flow into the rotating maille: 
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                                                                                                                              (II -43) 

The term prL  represents the main flux that represents the mutual flux rrM with the other 

rotor meshes, then come the coupling terms with the stator. Note the factor 
2

3
with respect 

to the stator equation [93,94].The terms in bL  and eL  represent the rotor leakage. 

The equation (II -43)is attempted to be written solely in terms of mail flow, using the 

formulas (II -39), (II -40), and: 

                           ekerk III                                                                                  ( II -44) 

Where: eI  represents the current of the short circuit rings. 
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Finally, let's move on to: 
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- On calculation
dt

d rk
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In place of 
dt

d rk
while using equation (II -42) 
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Equation (II -50)is written in the following format:  

 L
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Equation (II -50) results in: 
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For the court circuit [95, 96]: 
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The entire system    L
 
dt

Id
 =     IRV  become: 



Chapter  II                                                                   Asynchronous Machine Multi-Winding Model 

50 
 





































































































e

Nrr

rj

r

qs

ds

e

r

e

r

e

r

e
b

r

e
rbbrrrrrrbrr

srsr

rrrrbrrb

r

e

rpbrr

r

e
brrrrrrbrrb

r

e
rp

srsc

srsc

I

I

I

I

I

I

L
N

L

N

L

N

L
L

N

L
LLMMMLM

kMkM

MMLML
N

L
LLM

N

L
LMMMLML

N

L
L

jML

jML

)1(

0

00

2
2

sin
2

3
cos

2

3

2
2

2
2

0sin0

0cos0



























 



































0

0

0

0

0

0

qs

ds

V

V

























































e

r

e

r

e

r

e
NrbNrb

r

e
NrbNrb

bkkbbk

r

e
kb

r

e
NrbbNrbb

e

srssc

srscs

R
N

R

N

R

N

R
RR

N

R
RR

RRR
N

R
R

N

R
RRRR

Nr

R

jWMRWL

jWMWLR













00

20000

00

02000

00

00200

0cos

0sin

)1()2()2()1(

)1()1(

)1(0)1(0







































e

Nrr

rj

r

qs

ds

I

I

I

I

I

I

)1(

0




 

                                                                                                                                            (II -53) 

the corresponding model's dq  new resistance matrix is [12]: 
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With : (II -55) 
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the analogous model's new inductance matrix is : 
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With : 

(II -57)                                                          

The electromagnetic torque is produced using co-energy derivation [97,98]: 
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The mechanical equations are then added to obtain the speed.  =
P


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II.2.4 Modeling of ruptures of bars of the asynchronous machine 

The technique used for simulating rotor failures entails substituting a finite value for the 

broken bars' initial resistance value. The resistance method is the name of this technique. 

 aL
N

L
MLL e

r

e
rrrbrdq cos12

.2




Chapter  II                                                                   Asynchronous Machine Multi-Winding Model 

52 
 

Either by removing the bars under consideration or by increasing the resistance of the 

damaged bar, the rupture of a rotor bar can be modeled. 

Bar breakage is one of the most common rotor faults. Our simulations will allow us to 

identify the signatures of this fault and predict the damage generated in the motor. 

Modeling by omission entails taking into account the whole break of the bar, where no 

current flows and the bar's current is deleted, and replacing the two currents of the two 

neighboring meshes   and  with a single current [99, 100]. By including the two rows and 

two columns that correspond to the two currents, this adds resistors and inductances to the 

matrix. 

The order of the system to be resolved decreases dramatically by raising the resistance of 

the broken bar because the current and accompanying stress are eliminated. involves rising 

the bar's resistance while keeping in mind that the current is not entirely zero to introduce 

the bar's barrier. The process entails adding a new matrix   whose non-zero components 

correspond to the failed elements to the matrix of rotor resistances . 

According to the research of [101,99], an increase in the resistance of the bar by 11 times 

produces outcomes that are consistent with those attained by experimentation.  

As far as we are concerned, increases of 11 times the bar's original resistance have been 

taken into account. 

In fact, in our model, an increase of greater than 11 times  causes numerical instability. 

A rotor problem necessitates a change to the matrix [R]. We obtain a second order matrix 

for the rotor using the transformation matrix. 

The rotor fault matrix is written: 

                              
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The resistance matrix is: ou elle sont les resistances 
ddR , dqR  
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The broken bar is defined by the index k. 

So, taking into account the bar break fault, the electrical equations are rewritten in the 

following form: 
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The reduced-size model for the asynchronous machine with a bar break fault is given by:  
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After applying the generalized transformation on the couple's statement for the mechanical part, the 

following result is obtained: 

                            
drqsqrdssrre IIIIMNPC .....

2

3
                                          (II -68) 

The sub-matrix that relates to the rotor resistance is a reliable sign of a problem. In fact, 

unlike with sound machines, rddR and rqqR  are no longer equivalent in default cases. 

Additionally, the words rdqR  and rqdR  assume a non-rdq null value, indicating the 

existence of a rotor malfunction. 

II.3 Voltage inverter of an electrical machine 

A rotating machine, its power source, its control system, and its load are all often included 

in an electric drive system, according to [102]. 

The machine's power source comprises of a DC voltage source that can be acquired via a 

rectifier, and an inverter that converts this DC voltage into variable AC voltage and 

variable frequency so that the asynchronous motor's speed may be adjusted. Depending on 

the receiver provided, there are two main types of inverters: voltage inverters supplied by a 

DC voltage source and current inverters supplied by a DC source [97, 98]. 

A static converter known as an inverter makes sure that electrical energy is converted from 

its continuous form (DC) to its alternating form (AC). 

The machine is typically linked to the inverter via shielded three-phase cable, whether it is 

star or delta mounted. Since the equipment rarely has a neutral point, the inverter is 

connected to the machine using three wires. In other words, the inverter only imposes two 

voltages and three potentials. However, we maintain a structure with three electromotive 

forces for the undulator in order to better integrate it with the control algorithms [103]. 
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The inverter introduces high-frequency components by cutting supply voltages. However, 

the measurement filters exclude these elements, and we also fail to take into account the 

machine's high frequency impacts. In order to mimic each arm of the inverter, we simply 

connect a resistor in series with an excitation, whose value corresponds to the 

specifications of the control algorithms. 

The inverter is considered to have a slot per alternation, full wave (180°), or offset (120°), 

if the semiconductors are constructed with a single closure and opening per period. But in 

order to have them operate several times each period, we also utilize semiconductors that 

operate at a higher frequency. The output voltages and currents of many slots with 

sufficient widths are then obtained, and PWM inverters are created [104]. 

The static switch is a crucial component of energy conversion because it controls how 

much energy is transferred between the various components of the circuit and how average 

current and voltage values are managed. As such, it was thought interesting to describe the 

static semiconductor switches currently used in power electronics before beginning the 

modeling of the inverter. 

II.3.1. Modeling of the inverter with two voltage levels 

Figure(II.9) illustrates the basic operation of a three-phase inverter with two voltage levels 

arranged in a bridge to supply a load. Typically, a three-phase rectifier with diodes and an 

LC filter are used to produce the DC voltage. 

The inverter has six switching cells and six freewheeling diodes, and it has two voltage 

levels. The output of the inverter corresponds to the middle of each arm's two switching 

cells, which each include a switch and a diode. To avoid damaging the inverter's DC power 

supply, the control signals of each arm's switches must be complimentary. It is required to 

provide a waiting period when the switch is closed, which is typically referred to as dead 

time, to prevent a premature short-circuit. Power transistors (MOSFETs, IGBTs, and 

bipolar transistors) and fast thyristors (mostly GTOs) are the semiconductors most 

frequently employed to create switches [105, 106]. 
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Figure II.9: The voltage inverter associated with the MAS[107] 

Three two-level single-phase half-bridges combine to create the six-switch three-phase 

inverter. The output voltages at the inverter's terminals are expressed in terms of the 

imaginary point 0 at the inverter's source as follows: 
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Hence, we can write: 
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The voltages at the inverter's terminals can be expressed as follows: 
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Knowing that : 

                           0 CNBNAN vvv                                                                 (II -72) 

We can write : 
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The following is an expression for the phase-to-neutral voltages at the terminals of the star-

connected load: 
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Equation (II -60)may be rewritten as follows in matrix form: 
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According to the signals, it is possible to determine tensions between phases and the 

hypothetical neutral by: 
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The logic functions Sj (j = A, B, and C) reflect the state of the electrical switches (K1, K2, 

and K3), whose switching is presumed to be instantaneous. 

 Sj=1: High switch (K) closed and low switch (K') open. 

 Sj=0: High switch (K) open and low switch (K') closed. 
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The voltages at the terminals of the machine are given by: 
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Equation (II -70) can be rewritten in matrix form: 
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II.4.Conclusion: 

This chapter has a clear presentation of the steps involved in building a mathematical 

model of a squirrel-cage asynchronous machine that is suitable for simulating bar breakage 

at the rotor. We presented the simplifying assumptions on which the multi-winding model 

is based before adapting the model for the simulation of rotor bar breaks, and we then 

computed the different stator and rotor inductances and mutual’s. 

Increasing the resistance of the bar that is being influenced by the defect makes it simple to 

acquire the effects of a bar failure.  

In this chapter, the asynchronous machine has been discussed in terms of circuits, and it 

has been taken into account that the rotor is made up of a number of components, each of 

which is characterized by an equivalent electrical circuit of Nr magnitudes. 

We shall be able to comprehend the physical events connected to this kind of flaw using 

Park  model. In  chapter three that is dedicated to the diagnosis of rotor cage problems, we 

give the simulation results from this  model. 



 

 

 

Chapter Three : 

 

 

 

 

Size-reduced multi-winding model 

simulation and results 
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III.1. Introduction 

Once the overall model of the asynchronous cage machine Size-reduced multi-winding model  

is developed we approach the simulation of it. A program, written in Matlab, makes it 

possible to highlight the behavior of the asynchronous motor in the case where the machine is 

healthy and in the case where the machine is faulty. 

It makes it possible to solve differential equations that may include certain types of non -

linearity's. It includes modules that can perform functions such as summation, integration, 

multiplication, delay, etc.  

Also offers several methods of digital resolution of differential equations by properly 

choosing the integration step adapting to the dynamics of the system to be resolved. 

During the simulation of the model, to observe its good behavior, a torque of 3.5 Nm was 

subjected to the machine at time t = 0.6 seconds, this torque represents the nominal torque of 

the machine studied. 

We will study in what follows the most frequent faults that appear in the asynchronous motors 

at the level of the rotor (breakage of bars).  

The induction motor was tested under loading conditions first with a healthy rotor, then with 2 

broken rotor bars. Every stator current displayed in the study is given in the frequency 

domain.  

The severity of the fault on the stator current spectrum is demonstrated by considering the 

motor with a fault with one broken bar first, then with two broken bars, then finally with three 

broken bars. 

 

The stator current spectral analysis in the different cases is applied to three different windows, 

such as Rectangular window, Hanning window  and Hamming window of the signal in steady 

state and at load using the Fast Fourier Transform algorithm FFT ,In comparison to the 

healthy conditions, the recommended index significantly raises under the broken bars 

conditions. It can identify the problematic conditions with clarity. The possibility of detecting 

potential faults has been demonstrated (broken bars), using discrete wavelet transform and 

continuous wavelet transform.  The diagnostic method is adaptable to temporary situations 

brought on by alterations in load . 

This work aimed to use Wavelet Packet Transform on current window frame samples from an 

induction motor to diagnose and categorize broken rotor bars using DWT and CWT. 
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The work in this chapter was split into two halves, and the outcomes were simulated in both 

scenarios with and without the machine's inverter. 

 

III.2. results of the the multi-winding model reduced size (without inverter.) 

We can study the evolution of temporal elements such as stator currents, torque and speed 

when the rotor cage shows no failure; No-load starting at nominal voltage with a balanced 

three-phase sinusoidal power supply. The simulation is carried out over a period of 5 sec with 

at the instant t = 0.6 sec the machine is subjected to a resistive torque Cr = 3.5 N.m he 

simulation of the model allowed us to obtain the different characteristics of stator current, 

speed and electromagnetic torque; they are shown in Figures respectively (III.1. a ,b ,c and d) 

Then one, two, and three rotor bar is broken for fault analysis and broken rotor bar detection 

the simulation results they are shown in Figures respectively (III.2 a, b, c, and d) to (III.4 a, b, 

c, and d). 

III.2.1. Case of a healthy machine : 

In this section, a squirrel cage induction motor serves as a scaled-down simulation of the 

multi-winding model. 

Five seconds of simulation time was used to test the model's accuracy. At time t = 0.6 

seconds, a torque of 3.5 Nm was applied to the machine. 

The evolution of temporal factors such as stator currents, torque, and speed, as well as the 

current in the machine's rotor bars, may be analyzed when the rotor cage shows no symptoms 

of failure. The number ten bar was used as an example in the research findings. We've 

displayed the progression of the findings on Figures (III.1. a ,b ,c and d). 

 

 

 

 

 

 

Figure III.1: (a) Evolution of phase a stator current (isa) at no load, on load (healthy). 
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Figure III.1: (b) Evolution of the electromagnetic torque on starting, under load (healthy). 

 

 

 

 

 

 

 

Figure III.1: (c) Rotational speed at start, under load (healthy). 

 

 

 

 

 

 

 

Figure III.1: (d )Evolution of phase a rotor current (irb) bar number ten ,at no load, on load (healthy) 

 

for a healthy motor, the flux lines are distributed symmetrically around each pole as a result of 

the currents in the bars. 
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By simulating the asynchronous motor model with a rotor, we were able to estimate the 

different speed, electromagnetic torque, and stator current characteristics. It should be noted 

that the speed achieves its nominal value when the machine is loaded and thereafter slightly 

decreases. Following then, the torque will typically match the load torque amount. 

Current amplitudes peak when the rotor is first in a shutdown state, which is why they are so 

high. After then, a stable regime develops, resulting in the currents decreasing with sinusoidal 

oscillations around zero.  

 Figure (III.1.a) depicts the development of the influence of the increasing currents, which are 

caused by the growing magnetic response of the rotor and the rising amplitude of the rotor 

currents. 

Figure (III.1.b) depicts the electromagnetic torque as it develops, with the transient phase 

continuing, developing, and having the potential to achieve a maximum value. The torque 

then rapidly drops to almost nothing, mirroring the torque caused by fluid friction. The 

electromagnetic torque naturally reacts in the opposite way to counter the resistive torque 

when we apply a 3.5 Nm torque at (0.6 s). 

Figure (III.1.c) depicts the evolution of the rotor's rotational speed. The speed increases as 

soon as the engine fires up, stabilizing the situation. Then, at time (0.6 s), a resistive torque of 

3.5 Nm is applied, which tends to slow the motor shaft and lower the speed. 

III.2.2. Result of simulation with machine faults   :    

 III.2.2.1. Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. Each 

stator current in the study is illustrated in the frequency domain.  

Figures (III.2 a, b, c, and d)  depict how the machine absorbs a phase as a result of bar 

breaking. 

A resistive torque of 3.5 N.m is applied to the machine at the point t = 0.6 sec during the 

simulation, which lasts for five seconds. 

 We recreate the first bar's failure at time t=(2)s by raising the resistance by 11 times. 

 

 



Chapter III                                                       Size-reduced multi-winding model simulation and results 

63 
 

 

 

 

 

 

 

Figure III.2: (a) Evolution of phase a stator current (isa) for one broken bar 

 

 

 

 

 

 

Figure III.2: (b) Evolution of the electromagnetic torque with one broken bar 

 

 

 

 

 

Figure III.2: (c)  Rotation speed with one broken bar. 

 

 

 

 

 

 

Figure III.2: (d )Evolution of phase a rotor current (irb) bar number ten , with one broken bars. 
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      III.2.2.2. Case of two broken bars: 

Second, two broken rotor bars were used in an induction motor stress test. In the research, we 

have used the frequency domain to illustrate the global quantities (the currents, the 

electromagnetic torque, and the speed).   

Figures (III.3 a, b, c, and d) show how the breaking of two neighboring bars (bars number one 

and number two) affects a phase that the machine absorbs. 

The simulation, which lasts for five seconds, applies a resistive torque of 3.5 N.m to the 

machine at the point t = 0.6 sec. By increasing the resistance by 11 times, we repeat the 

failure of the first bar at time t= (2) s and the failure of the second bar at time t= (3) s. 

 

 

 

 

 

 

 

 

 

Figure III.3: (a) Evolution of phase a stator current (isa) for two broken bars 

 

 

 

 

 

 

 

 

Figure III.3: (b) Evolution of the electromagnetic torque with two broken bars 
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Figure III.3: (c)  Rotation speed with two broken bars. 

 

 

 

 

 

 

 

 

 

Figure III.3: (d )Evolution of phase a rotor current (irb) bar number ten , with two  broken bars. 

 

III.2.2.3. Case of three broken bars: 

Third, Figures (III.4 a, b, c, and d) illustrate the consequences of three bar breaking on a phase 

that the machine absorbs. 

The simulation, which lasts for five seconds, applies a resistive torque of 3.5 N.m to the 

machine at the point t = 0.6 sec.  The failures of the first bar at time t= (2) s, the second bar at 

time t= (3) s, and ultimately the third bar at time t= (4) s may all be successfully reproduced. 

The induction motor underwent a stress test using three consecutive broken rotor bars. In the 

research, we have used the frequency domain to illustrate the evolution of the global 

quantities (the currents, the electromagnetic torque, and the speed). 
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Figure III.4: (a) Evolution of phase a stator current (isa) for three broken bars 

 

 

 

 

 

Figure III.4: (b) Evolution of the electromagnetic torque with three broken bars 

 

 

 

 

 

Figure III.4: (c)  Rotation speed with three broken bars 

 

 

 

 

 

 

Figure III.4: (d )Evolution of phase a rotor current (irb) bar number ten , with three  broken bars. 
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As evidenced by the earlier findings, we broke the bars to test the machine under three 

different conditions: 

1. The first experiment is shown in Figures III-2(a),(b),(c), and(d)). We broke the first 

rod in the squirrel cage rotor. The repercussions of the break were evident up to time t 

= (5)s. 

2. In the second situation, we shattered two adjacent bars (bars one and two) in the 

squirrel cage rotor, as shown in (Figures III-3 a,b,c, and d). At time t = (2)s, the first 

bar was broken, and up until t = (3)s, its effects were visible. At time t=(3)s, the 

second rod broke, and its effects persisted until t=(5)s. 

3. In the third scenario, as shown in (Figures III-4 a, b, c, and d), we broke three adjacent 

bars (bars numbers one, two, and three) in the squirrel cage rotor because the first bar 

was broken at time t = (2).) s and we studied its influence until t = (3) s. After the 

second rod was broken at time t = (3) s and its effects were not apparent until time t = 

(4) s, the third rod was broken at time t = (4) s. We tracked its effects up to t=(5)s. 

In order to comprehend these effects in the three scenarios, we will describe these adjustments 

to our analyzed model: 

 The currents' amplitude oscillates as a result of the bars' breakage. The amplitude of 

the oscillation is exactly proportional to the number of broken bars. These 

dependencies are illustrated in the charts below. 

The broken bars represent the current in the bar adjacent to the broken bars in each of 

the three cases in figures (III-2 a), (III-3 a), and (III-4 a). 

The images above depict the distribution of the currents in the machine's bars; as the 

machine's bars crack, the current between the rotor's bars becomes imbalanced and its 

amplitude rises. Its amplitude increases as more bars are broken. Remember that the 

amplitude of the oscillations is also influenced by this number. 

The cumulative impact on the breaking of the bars is due to the nearby bars carrying 

more current, which causes them to heat up and age more quickly.   

 

 Figures (III-2 b), (III-3 b), and (III-4 b) show that the mechanical characteristic in a 

transient situation, together with the number of broken bars, quickly gives information 

on the status of the engine. The high amplitude oscillations accelerate the component 

deterioration of the machine and the traction chain. 
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As more bars are broken, we observe that the torque is adversely affected. In reality, 

oscillations increase and the average value decreases as the bars break apart. 

These oscillations in the squirrel cage rotor are increased with the number of broken 

bars, as shown by examination of these faults in the third circumstances, which 

showed us in each case that the rise in damage develops exponentially with the 

number of broken bars. 

 We can observe from the results in Figures (III-2 c), (III-3 c), and (III-4 c) that the 

speed is deteriorating and lowering as the number of broken bars slowing the motor 

shaft increases. 

In our analysis of the evolution of machine speed, the first, second, and third cases 

confirmed the inverse relationship between machine speed and the number of broken 

bars. 

These cause rotational speed oscillations, which result in mechanical vibrations and 

unpredictable machine functioning. 

The simulation of the model of the asynchronous motor with a rotor with  broken adjacent 

bars (bar N°01, bar N°02 and bar N°03) allowed us to obtain the different characteristics of 

speed, electromagnetic torque, currents of rotor bars, and stator current.  

Compared to the healthy state of the machine, we note that: 

We mimic the  bar breaking  by raising its resistance by 11 times. In addition to the direct 

field (g.ws) that is produced when a bar breaks, the rotor also produces an inverse rotor field 

(-g.ws). An electromagnetic torque is produced as a result of the interaction of these fields 

with the stator winding and is made up of a constant component and an inverse sinusoidal 

pulsation component (2g.ws) (see figure III.2,3,4.b). The oscillations on the speed figure 

III.2,3,4.c will be brought on by the latter. To examine the modulation of the stator current's 

envelope, utilize Figure III.2,3,4.a. 

To demonstrate the impact of the number of broken bars, we simulate the failure of 

neighboring bar No. 2,3,4 at t=(2,3,4)s.  resulting in an overcurrent   The torque and speed are 

produced by an increase in the amplitude of the undulations as a result of the current that 

passed through the broken bar being spread among the nearby bars. We also see an increase in 

the stator current's modulation amplitude. 

We may quickly draw the conclusion that it is challenging to directly analyze the current's 

amplitude and that it is thus wise to treat the signal in order to get more accurate data. 
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III.2.3 Fast Fourier Transform (FFT) 

In remark that the direct analysis of the amplitude of the current in the temporal field is 

difficult and therefore it is advisable to process the signal in order to bring out the more 

representative data. It is therefore by using the rapid Fourier (FFT) transform that we can 

highlight more representative criteria such as the appearance of frequency rays. 

The stator current spectral analysis in the different cases is applied to three different windows, 

such as Rectangular window, Hanning window  and Hamming window of the signal in steady 

state and at load using the Fast Fourier Transform algorithm FFT , they are shown 

respectively in the in Figures (III.5 to III.8). 

There are many windows with different features and properties As a result, depending on the 

specific issue that has to be resolved, the signal's suitable timeframe must be selected 

Essentially, this trait relates to three things: 

the primary lobe's breadth and height, the first sidelobe's height, the subsidiary lobes' 

attenuation. 

In order to demonstrate  application the stator current spectral analysis  for the diagnostic and 

detection of faults in the squirrel cage motor, the simulation of the healthy motor supplied 

with a sinusoidal power supply, operating under a load of 3.5Nm, enables us to visualize the 

spectrum of the stator current in Figures (III-5 a, b, and c),. Note that the spectrum contains 

only the fundamental harmonic at the frequency 50 Hz. 

The FFT algorithm is widely used for the detection of rotor broken bar fault.  The stator 

current shows the side bands around the fundamental frequency. The fundamental frequency 

of the motor is 50Hz. If any fault is occurred then amplitude of the side lobes are increased 

that is clear indication of fault. It is due to the reverse rotating magnetic field in the inductor 

and mutual inductance. 

In the case of a faulty motor with one or two or three broken rotor bars working under the 

same load above, it is possible to identify from the stator current spectra shown in Figures 

(III.6 to III.8). 

, the harmonics related to the case of one , two and three broken rotor bars respectively. These 

harmonics appear on either side of the fundamental harmonic at frequencies (1±2k g) fs. 
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III.2.3.1 Case of a healthy machine: 

Figures (III-5 a, b, and c), show The result of stator current spectral analysis  for a healthy 

motor. 

 

 

 

 

 

 

 

Figure III.5: (a) Spectrum of phase current by hamming spectral analysis .At start-up, under load 

 

 

 

 

 

 

 

Figure III.5: (b) Spectrum of phase current by hanning spectral analysis .At start-up, under load 

 

 

 

 

 

 

Figure III.5: (c) Spectrum of phase current by Rectangular spectral analysis .At start-up, under load 
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III.2.3.2 Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. 

 Figures (III-6 a, b, and c), show the result of stator current spectral analysis for a motor faults 

(one broken bar). 

 

 

 

 

 

 

Figure III.6: (a) Spectrum of phase current by hamming spectral analysis . during bar failure(one 

broken bar) 

 

 

 

 

 

 

Figure III.6: (b) Spectrum of phase current by hanning spectral analysis . during bar failure(one 

broken bar) 

 

 

 

 

 

Figure III.6: (c) Spectrum of phase current by Rectangular spectral analysis . during bar failure(one 

broken bar) 
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III.2.3.3 Case of two broken bars: 

The neighboring rotor bars (bars number one and Number two) were damaged during the 

second time the induction motor was put under stress. 

 The results of a stator current spectrum analysis for a motor defect (two broken bars) are 

shown in Figures (III-7a, b, and c). 

 

 

 

 

 

Figure III.7: (a) Spectrum of phase current by hamming spectral analysis . during bar failure(two 

broken bars) 

 

 

 

 

 

Figure III.7: (b) Spectrum of phase current by hanning spectral analysis . during bar failure(two 

broken bars) 

 

 

 

 

 

 

Figure III.7: (c) Spectrum of phase current by Rectangular spectral analysis . during bar failure(two 

broken bars) 
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III.2.3.4 Case of three broken bars: 

The results of a stator current spectrum analysis for a motor defect (three broken bars) are 

shown in Figures (III-8 a, b, and c). 

The neighboring rotor bars (bar number one, bar number two and bar number three) were 

damaged during the third time the induction motor was put under stress. 

 

 

 

 

 

Figure III.8: (a) Spectrum of phase current by hamming spectral analysis . during bar failure(three 

broken bars) 

 

 

 

 

 

Figure III.8: (a) Spectrum of phase current by hanning spectral analysis . during bar failure(three 

broken bars) 

 

 

 

 

 

 

Figure III.8: (a) Spectrum of phase current by Rectangular spectral analysis . during bar failure(three 

broken bars) 
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TABLE III.1: SPECTRUM OF PHASE CURRENT 

 

The power spectrum it is clearly observed when the rotor broken bar is increased then the 

amplitude of the side lobes around the fundamental frequency is increased. It is also observed 

that fault frequencies are unique for all the loading condition. All the power spectrums are 

generated from the motor stator current sometimes it is also called Motor Stator Current 

Signature analysis (MCSA). 

The result of this analysis for a healthy motor is shown in Figures (III-5 a, b, and c),.  . Only 

the line due to the fundamental (50Hz) appears on the spectrum of the stator current. This is 

quite normal given that the asynchronous motor its model does not present any defect and that 

the fundamental of the magneto motive force is considered sinusoidal along the air gap.  

 

Studied 

cases 

Estimation results Frequency(Hz)/Amplitude(db) 

Spectrum of phase current 
(1-2s)f 

(Hz)/(db) 

(1+2s)f 

(Hz)/(db) 

healthy 

machine 

Rectangular window 0 0 

Hanning window 0 0 

Hamming window 0 0 

1 broken bar 

Rectangular window (45.1/-22.67) (54.93/-28.92) 

Hanning window (45/-25.65) (55/-43.58) 

Hamming window (45/-25.3) (55/-48.77) 

2 broken bar 

Rectangular window (45.1/-30.32) (54.93/-35.5) 

Hanning window (41.2/-26.96) (58.8/-41.85) 

Hamming window (41.2/-26.93) (58.8/-43) 

3 broken bar 

Rectangular window (45/-44.9) 0 

Hanning window (41.6/-51.43) 0 

Hamming window (41.6/-58.12) 0 
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The stator current spectrum for a break in two consecutive bars is shown in Figures (III-7 a, b, 

and c). Note the development of substantial amplitudes and lateral frequency lines of the order 

of (1+-2k g) fs. 

As can be seen, the window's function plays a significant part in identifying the frequency 

components that represent the presence of a defect. Applying this method to the stator current 

in both a faulted and healthy state yields positive results. 

 

According to the outcomes of the many simulation instances that were run, it can be said that 

the appearance of the lines is a sign of the presence of the fault, and their amplitude is a 

measure of how severe the flaw is. 

 

The FFT approach is a very effective and widely used method in the processing of the 

stationary signal or in permanent diet then that in the time field this signal may lose certain 

information. On the other hand, the signal of the stator current in transitional regime is rich in 

frequency information but because of its low duration, it limits the number of acquisition 

points, which makes the analysis difficult and less precise by the FFT analysis. 

 

In conclusion, standard FFT-based methods cannot be used to detect motor faults or damages 

in variable load or variable speed applications. 

Various solutions have been introduced to reduce problems with proper fault determination 

under non-standard load conditions. 
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III.2.4. Wavelet Transform Rotor Fault Diagnosis 

A very rich source of information about the faults that frequently occur in asynchronous 

machines can be found in the signature of the stator current. The wavelet transform is used 

successfully in the early fault detection of the motor because it has variable window size at 

different frequencies.  

 The majority of the diagnostic work for this purpose is based on the examination of the stator 

current, either in its permanent component or in its transitional part. 

In order to identify potential machine problems, we based our study on the use of the CWT 

and DWT to process and evaluate the current of the machine's stator phase during steady 

state. 

III.2.4.1. The continuous wavelet transform's simulation results 

In this part, we suggest utilizing the continuous wavelet transform (CWT) to examine the 

stator current of the asynchronous motor's signature. In the circumstances of a healthy motor, 

a broken bar, then two broken bars, then three broken bars at t=2 s, and with the application of 

a load torque of 3.5 Nm starting at t=0.6 s, the figures below demonstrate the evolution of the 

coefficients of the current (CWT) of a stator phase for scales between 0 and 64, respectively. 

In the process of simulation and examination of the results, we relied on four types of the 

Wavelet family: 

a- Daubechies wavelet (DB). 

b- Discrete approximation of the Meyer wavelet (Dmey). 

c- Morlet wavelet (Morl). 

d- Reverse biorthogonal wavelets (rbio). 
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III.2.4.1.1. Case of a healthy machine 

Figures (III-9 a, b, c, and d ), show  result continuous wavelet transform (CWT)  for a healthy 

motor. 

 

 

 

 

 

 

 

 

 

 

         Figure III.9: (a) CWT case of (DB)                 Figure III.9: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

 

 

 

          Figure III.9: (c) CWT case of (morl)              Figure III.9: (d) CWT case of (rbio) 
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III.2.4.1.2. Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. 

 Figures (III-10 a, b, c ,and d), show  result continuous wavelet transform (CWT) for a motor 

faults (one broken bar). 

 

 

 

 

 

 

 

 

 

 

             Figure III.10: (a) CWT case of (DB)                Figure III.10: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

  

 

 

             Figure III.10: (c) CWT case of (morl)                   Figure III.10: (d) CWT case of (rbio) 
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III.2.4.1.3. Case of two broken bars: 

The induction motor was second put to the test under duress with two rotor bar destroyed. 

 Figures (III-11 a, b, c ,and d), show  result continuous wavelet transform (CWT) for a motor 

faults (tow broken bars). 

 

 

 

 

 

 

 

 

 

 

            Figure III.11: (a) CWT case of (DB)                       Figure III.11: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

 

 

  

          Figure III.11: (c) CWT case of (morl                    Figure III.11: (d) CWT case of (rbio) 
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III.2.4.1.4. Case of three broken bars: 

The induction motor was third put to the test under duress with three rotor bar destroyed. 

 Figures (III-12 a, b, c ,and d), show  result continuous wavelet transform (CWT) for a motor 

faults (three broken bars). 

 

 

 

 

 

 

 

 

 

 

Figure III.12: (a) CWT case of (DB)             Figure III.12: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

 

 

           

             Figure III.12: (c) CWT case of (morl                       Figure III.12: (d) CWT case of (rbio) 



Chapter III                                                       Size-reduced multi-winding model simulation and results 

81 
 

 The figures demonstrate the use of continuous wavelet transform (CWT) for stator 

current for the measurements presented in Figures (III. 9 to III.12). 

for the db(04) family and   the other families in both a healthy and problematic state of the 

machine. 

Measured using wavelet analysis, the similarity between the signal's fundamental functions 

(wavelets) and the signal itself is expressed as having the same frequency content. The (CWT) 

calculated coefficients show how close the signal is to the wave at the current scale. 

The current does not alter while the machine is in a healthy state, as opposed to when it is in a 

damaged one. As the wave coefficients of the kinetic error are stronger than the wave 

coefficients in the machine's healthy state, we see that the current changes in terms of 

different degrees of colors and their arrangement in shapes. 

These variations show that the wavelet shift may distinguish between the signal components 

of the healthy and unhealthy motors during the start-up phase. Low frequencies are 

corresponding to high scales. The higher frequencies match the lower scales. 

Figure III. 9 shows the level signals resulting from the wave decay of the stator current to start 

in a good health condition of the machine, and on the other hand in a defective machine (3 

broken bars) Figure III.12 shows the level signals resulting from the wave decay of the stator 

current . 

III.2.4.2. The Discrete Wavelet Transforms simulation results 

In order to extract the required features associated to the failure of broken bars at the rotor in 

varying degrees of severity (one broken bar to three broken bars), the stator current of the 

phase Isa in regime stationary was analyzed by a technical DWT wavelet. 

The original signal is decomposed at the eleventh level with a sample frequency of 5 

kilohertz. 

At the eleventh level of breakdown, the original signal s is broken down. The signal is divided 

into two signals: a detailed signal and an approximation signal. Every transmission has a 

unique frequency range. 

While the approximate signal provides low frequency information, the detailed signal 

contains information at higher frequencies. Here, low frequency information has been 

extracted using 11 level decomposition. High degrees of decomposition are advised. 
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In the process of simulation and examination of the results, we relied on four types of the 

Wavelet family: 

a- Biorthogonal wavelets (bior).        b- Fejer-Korovkin wavelets (fk). 

c- Haar wavelet (haar).                       d- Symlets wavelets (sym). 

III.2.4.2.1. Case of a healthy machine 

Figures (III-13 a, b, c, and d ), show  result Discrete Wavelet Transforms Description (DWT)  for a 

healthy motor. 

 

 

 

 

 

 

 

 

 

Figure III.13: (a) DWT case of (bior)                     Figure III.13: (b) DWT case of (fk) 

 

 

  

 

 

 

 

 

      Figure III-.13: (c) DWT case of (haar)                   Figure III.13: (d) DWT case of (sym) 
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III.2.4.2.2. Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. 

 Figures (III-14 a, b, c and d), show  results Discrete Wavelet Transforms Description  (DWT) 

for a motor faults (one broken bar). 

 

 

 

 

 

 

 

 

 

 

Figure III.14: (a) DWT case of (bior)                  Figure III.14: (b) DWT case of (fk) 

 

 

 

 

 

 

 

 

 

 

        Figure III.14: (c) DWT case of (haar)                 Figure III.14: (d) DWT case of (sym) 
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III.2.4.2.3. Case of two broken bars: 

The induction motor was second put to the test under duress with two rotor bars destroyed. 

 Figures (III-15 a, b ,c , and d),, show  results Discrete Wavelet Transforms Description  

(DWT) for a motor faults (two broken bars). 

 

 

 

 

 

 

 

 

 

 

             Figure III.15: (a) DWT case of (bior)                        Figure III.15: (b) DWT case of (fk) 

 

 

 

 

 

 

 

 

 

              Figure III.15: (c) DWT case of (haar)                Figure III.15: (d) DWT case of (sym)  
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III.2.4.2.4. Case of three broken bars: 

The induction motor was third put to the test under duress with three rotor bars destroyed. 

 Figures (III-16 a, b ,c , and d), show  results Discrete Wavelet Transforms Description  

(DWT) for a motor faults (three broken bars). 

 

 

 

 

 

 

 

 

       

          Figure III.16: (a) DWT case of (bior)                     Figure III.16: (b) DWT case of (fk) 

 

 

 

 

 

 

 

 

 

 

 

               Figure III.16: (c) DWT case of (haar)                  Figure III.16: (d) DWT case of (sym)  
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The various induction machine circumstances (healthy, loaded with a defect and one broken 

bar to three broken bars) demonstrate the development of the signals. 

This increase in the signals (d11, d10, and a11) is due to the various types of faults that are 

affecting the corresponding frequency bands, which show the detail signals of d8, d9, and the 

approximation a9 obtained by multi-level decomposition of the stator current (Isa). 

 

In the instance of 3 damaged bars,  Figures (III-16 a, b, c and d) shows a noticeable increase 

in oscillations. The bands [25-50Hz] correspond to the signals that are most adversely 

impacted, and this explains why there is a sideband around the fundamental frequency in the 

stator current spectrum . 

In order to accurately detect the rotor bar problems, the approximation signal for the eleventh 

level has a frequency range of 2.44 to 1.22, which is very low frequency. 

 

In both instances, the signal is different and may be distinguished by the disruptions that 

manifest at high levels, it is generally seen.  

It is noticed that the tenth and eleventh levels are superior to the ninth level, which does not 

significantly alter, in terms of clarity and meaningful information. 

 

Conclusion: When a fault manifests, the discrepancies in the DWT coefficients are greater 

than they are under a Healthy Motor situation.  

 

 This effect is interpreted by the change in the relative energy associated with each level of 

decomposition in the band signals in the defective case relative to the healthy case, allowing 

us to distinguish the healthy machine from the defective ones. 

The numerous sorts of defects are having an impact on the respective frequency bands, which 

is why the signals are increasing. 
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III.3. results of the the multi-winding model reduced size (with  inverter) 

We can study the evolution of temporal elements such as stator currents, torque and speed 

when the rotor cage shows no failure; No-load starting at nominal voltage with a balanced 

three-phase sinusoidal power supply  provided by a three-phase inverter. The simulation is 

carried out over a period of 5 sec with at the instant t = 0.6 sec the machine is subjected to a 

resistive torque Cr = 3.5 N.m he simulation of the model allowed us to obtain the different 

characteristics of stator current, speed and electromagnetic torque; they are shown in Figures 

respectively (III.18.a, b, c, and d) 

Then one, two, and three rotor bar is broken for fault analysis and broken rotor bar detection 

the simulation results they are shown in Figures respectively (III.19.a, b, c, and d) to (III.21.a, 

b, c, and d). 

 

 

 

 

 

 

 

 

Figure III.17: Model Simulink of the induction motor with fault 

III.3.1. Case of a healthy machine : 

In this part, a scaled-down simulation of the multi-winding model with inverter is provided by 

a squirrel cage induction motor. 

The accuracy of the model was evaluated throughout a simulation duration of five seconds. A 

torque of 3.5 Nm was applied to the machine at time t = 0.6 seconds. 

When the rotor cage exhibits no signs of failure, it is possible to study the evolution of 

temporal parameters including stator currents, torque, and speed as well as the current in the 
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machine's rotor bars. The research's conclusions were shown using the number ten bar. 

Figures (III.18.a, b, c, and d) show the evolution of the findings. 

 

 

 

 

 

Figure III.18: (a) Evolution of phase a stator current (isa) at no load, on load (healthy). 

 

 

 

 

Figure III.18: (b) Evolution of the electromagnetic torque on starting, under load (healthy). 

 

 

 

 

 

Figure III.18: (c) Rotational speed at start, under load (healthy). 

 

 

 

 

 

 

Figure III.18: (d) Evolution of phase a rotor current (irb) bar number ten ,at no load, on load (healthy) 
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III.3.2. Result of simulation with machine faults:    

 III.3.2.1. Case of one broken bar: 

First, a damaged rotor bar was used to test the induction motor under pressure. In the study, a 

frequency domain illustration is provided for each stator current.  

The machine absorbs a phase as a result of the bar breaking, as shown in Figures (III.19 a, b, 

c, and d). 

The simulation, which lasts for five seconds, applies a resistive torque of 3.5 N.m to the 

machine at the point t = 0.6 sec. 

 By increasing the resistance by 11 times, we replicate the first bar's failure at time t=(2)s. 

 

 

 

 

 

Figure III.19: (a) Evolution of phase a stator current (isa) for one broken bar 

 

 

 

 

Figure III.19: (b) Evolution of the electromagnetic torque with one broken bar 

 

 

 

 

 

Figure III.19: (c) Rotation speed with 1 broken bar. 
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Figure III.19: (d ) Evolution of phase a rotor current (irb) bar number ten , with one broken bars 

 

III.3.2.2. Case of two broken bars: 

Second, an induction motor stress test was performed using two broken rotor bars. The global 

quantities (the currents, the electromagnetic torque, and the speed) are shown in the research 

using the frequency domain.   

Figures (III.20 a, b, c, and d) illustrate how a phase that the machine absorbs is impacted by 

the breaking of two nearby bars (bars number one and number two). 

At the time t = 0.6 sec. of the simulation, which lasts for five seconds, the machine is given a 

resistive torque of 3.5 N.m. We replicate the failure of the first bar at time t= (2) s and the 

failure of the second bar at time t= (3) s by raising the resistance by 11 times. 

 

 

 

 

 

 

  

Figure III.20: (a) Evolution of phase a stator current (isa) for two broken bars 
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Figure III.20: (b) Evolution of the electromagnetic torque with two broken bars 

 

 

 

 

 

Figure III.20: (c)  Rotation speed with two broken bars. 

 

 

 

 

 

 

Figure III-20: (d )Evolution of phase a rotor current (irb) bar number ten , with two  broken .bars. 

III.3.2.3. Case of three broken bars: 

Third, the effects of three bar breaking on a phase that the machine absorbs are shown in 

Figures (III.21 a, b, c, and d). 

At the time t = 0.6 sec. of the simulation, which lasts for five seconds, the machine is given a 

resistive torque of 3.5 N.m.  It is possible to successfully duplicate the failures of the first bar 

at time t=(2) s, the second bar at time t=(3) s, and finally the third bar at time t=(4) s. 

Three consecutively broken rotor bars were used in a stress test on the induction motor. 
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Figure III.21: (a) Evolution of phase a stator current (isa) for three broken bars 

 

 

 

 

Figure III.21: (b) Evolution of the electromagnetic torque with three broken bars 

 

 

 

 

 

Figure III.21: (c)  Rotation speed with three broken bars 

 

 

 

 

 

 

Figure III.21: (d )Evolution of phase a rotor current (irb) bar number ten , with three  broken bars. 
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Figures (III.18.a, b, c, and d) shows that the stator currents, electromagnetic torque, and 

rotational speed all exhibit constant evolution that is both excellent and stable, causing the 

speed of the curve to rise until it reaches its peak before settling. 

In our research, we found that when three neighboring bars are broken, the speed of rotation 

progressively slows while the ripples also get larger because the continuous current in the 

cover is proportional to the number of broken bars. This is shown in Figures (III.19 a, b, c, 

and d) to Figures (III.21 a, b, c, and d)   . The electromagnetic torque grows in exact 

proportion to the ripples. 

We were able to determine the various properties of the stator current, speed, and 

electromagnetic torque using the model's simulation. 

The illustrations demonstrate that when a rotor failure results in broken bars, similar 

undulations develop on each of the three-stator currents, and the size of these undulations is 

proportional to the number of broken bars. Keep in mind that as there are more broken bars, 

the oscillations' amplitude grows. 

  Similar to this, the electromagnetic torque and speed also exhibit ripples due to the rotor 

defect. The torque ripples cause the engine to vibrate more and hasten the engine's 

degeneration. 

 

III.3.3 Fast Fourier Transform (FFT) 

We notice here from Figures (III.22 a, b, and c) that the spectral stator current in the healthy 

state does not register any side line around the base line at 50 Hz. 

when the machine is loaded, the speed reaches the nominal value and then decreases slightly 

so that the torque tends to the value of the load torque. It also shows us additional side lines 

around the base line fs = 50Hz at frequencies (1±2ks)fs. 

When analyzing the speed ripple effect, other frequency components of stator current due to 

rotor asymmetry were observed around the fundamental at the following frequencies.: 

fb=(1+2ks)fs 

As in in Figures (III.23 a, b, c, and d) to Figures (III.25 a, b, c, and d),  displays the harmonic 

amplitude's increase. as proof that a number of essential criteria are met The emergence of 

two lateral components with frequencies (1 + 2s)f and (1 - 2s)f to the left and right of the 
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fundamental f is caused by the existence of a broken bar fault, and the degree of gravity of the 

fault line amplitudes is (1+2ks)f, suggesting the presence of a two-bar breaking fault. 

III.3.3.1 Case of a healthy machine: 

Figures (III-22 a, b, and c), show The result of stator current spectral analysis  for a healthy 

motor. 

 

 

 

 

 

 

Figure III.22: (a) Spectrum of phase current by hamming spectral analysis .At start-up, under load 

 

 

 

 

 

 

Figure III.22: (b) Spectrum of phase current by hanning spectral analysis .At start-up, under load 

 

 

 

 

 

 

Figure III.22: (c) Spectrum of phase current by Rectangular spectral analysis .At start-up, under load. 
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III.3.3.2 Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. 

 Figures (III-23 a, b, and c), show the result of stator current spectral analysis for a motor 

faults (one broken bar). 

 

 

 

 

 

Figure III.23: (a) Spectrum of phase current by hamming spectral analysis . during bar failure(one 

broken bar) 

 

 

 

 

 

Figure III-.23: (b) Spectrum of phase current by hanning spectral analysis . during bar failure(one 

broken bar) 

 

 

 

 

 

 

 

Figure III.23: (c) Spectrum of phase current by Rectangular spectral analysis . during bar failure(one 

broken bar) 
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III.3.3.3 Case of two broken bars: 

The neighboring rotor bars (bars number one and Number two) were damaged during the 

second time the induction motor was put under stress. 

 The results of a stator current spectrum analysis for a motor defect (two broken bars) are 

shown in Figures (III-24a, b, and c). 

 

 

 

 

 

 

Figure III.24: (a) Spectrum of phase current by hamming spectral analysis . during bar failure(two 

broken bars) 

 

 

 

 

 

 

Figure III.24: (b) Spectrum of phase current by hanning spectral analysis . during bar failure(two 

broken bars) 

 

 

 

 

 

Figure III.7: (c) Spectrum of phase current by Rectangular spectral analysis . during bar failure(two 

broken bars) 



Chapter III                                                       Size-reduced multi-winding model simulation and results 

97 
 

    III.3.3.4 Case of three broken bars: 

The results of a stator current spectrum analysis for a motor defect (three broken bars) are 

shown in Figures (III-25 a, b, and c). 

The neighboring rotor bars (bar number one, bar number two and bar number three) were 

damaged during the third time the induction motor was put under stress. 

 

 

 

 

 

 

Figure III.25: (a) Spectrum of phase current by hamming spectral analysis . during bar failure(three 

broken bars) 

 

 

 

 

 

Figure III.25: (a) Spectrum of phase current by hanning spectral analysis . during bar failure(three 

broken bars) 

 

 

 

 

 

Figure III.25: (a) Spectrum of phase current by Rectangular spectral analysis . during bar 

failure(three broken bars) 
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TABLE III.2: SPECTRUM OF PHASE CURRENT 

We notice that the spectrum of the stator current contains in addition to the fundamental 

harmonic at the supply frequency fs=50Hz additional harmonics. These are those created by 

the inverter which are the harmonics of time, these harmonics appear in all the spectra of the 

stator currents, either with healthy operation or with fault in simulation . 

 

III.3.4 Wavelet Transform Rotor Fault Diagnosis 

III.3.4.1 The continuous wavelet transform's simulation results 

In this section, we propose to investigate the stator current of the asynchronous motor's 

signature using the continuous wavelet transform (CWT). use an inverter. The data below 

show the evolution of the coefficients of the current (CWT) of a stator phase under the 

conditions of a healthy motor, a broken bar, then two broken bars, then three broken bars at 

t=2 s, and with the application of a load torque of 3.5 Nm starting at t=0.6 s. 

Studied cases 

Estimation results Frequency(Hz)/Amplitude(db) 

Spectrum of phase current 
(1-2s)f 

(Hz)/(db) 

(1+2s)f 

(Hz)/(db) 

healthy 

machine 

Rectangular window 0 0 

Hanning window 0 0 

Hamming window 0 0 

1 broken bar 

Rectangular window (44.25/-22.46) (55.69/-32) 

Hanning window (44/-24.84) (56/-43.3) 

Hamming window (44/-24.54) (56/-43.24) 

2 broken bar 

Rectangular window (39.67/-27.1) (60.65/-40.72) 

Hanning window (39.4/-29.78) (60.4/-37.32) 

Hamming window (39.4/-29.59) (60.4/-37) 

3 broken bar 

Rectangular window (40/-31.68) 0 

Hanning window (39.8/-33.18) 0 

Hamming window (39.8/-32.56) 0 
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In the process of simulation and examination of the results, we relied on four types of the 

Wavelet family: 

a- Daubechies wavelet (DB).             b- Discrete approximation of the Meyer wavelet (Dmey). 

c- Morlet wavelet (Morl).                   d- Reverse biorthogonal wavelets (rbio). 

III.3.4.1.1. Case of a healthy machine 

Figures (III-26 a, b, c, and d ), show  result continuous wavelet transform (CWT)  for a 

healthy motor. 

 

 

 

 

 

 

 

 

 

          Figure III.26: (a) CWT case of (DB)                     Figure III.26: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

 

 

       Figure III.26: (c) CWT case of (morl)                   Figure III.26: (d) CWT case of (rbio) 
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III.3.4.1.2. Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. 

 Figures (III-27 a, b, c ,and d), show  result continuous wavelet transform (CWT) for a motor 

faults (one broken bar). 

  

 

 

 

 

 

 

 

 

 

            Figure III.27: (a) CWT case of (DB)                     Figure III.27: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

 

 

              

           Figure III.27: (c) CWT case of (morl)                   Figure III.27: (d) CWT case of (rbio) 
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III.3.4.1.3. Case of two broken bars: 

The induction motor was second put to the test under duress with two rotor bar destroyed. 

 Figures (III-28  a, b, c ,and d), show  result continuous wavelet transform (CWT) for a motor 

faults (tow broken bars). 

 

 

 

 

 

 

 

 

 

 

 

      Figure III.28: (a) CWT case of (DB)                        Figure III.28: (b) CWT case of (Dmey) 

 

 

 

 

 

 

 

 

 

             Figure III.28: (c) CWT case of (morl)                 Figure III.28: (d) CWT case of (rbio) 
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III.3.4.1.4. Case of three broken bars: 

The induction motor was third put to the test under duress with three rotor bar destroyed. 

 Figures (III-29 a, b, c , and d), show  result continuous wavelet transform (CWT) for a motor 

faults (three broken bars). 

  

 

 

 

 

 

 

 

 

 

       Figure III.29: (a) CWT case of (DB)                   Figure III.29: (b) CWT case of (Dmey) 

 

  

 

 

 

 

 

 

 

 

         Figure III.29: (c) CWT case of (morl)                     Figure III.29: (d) CWT case of (rbio) 
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The figures (III-26 a, b, c, and d ) to (III-29 a, b, c ,and d) show how continuous wavelet 

transform (CWT) is used for stator current measurements for the db(04) family and the other 

families in both a healthy and problematic state of the machine. 

 

The resemblance between the signal's core operations (wavelets) and the signal itself as 

measured by wavelet analysis is represented as having the same frequency content. The 

estimated coefficients from (CWT) demonstrate how near the wave the signal is at the present 

scale. 

When the machine is in a healthy state, as opposed to when it is damaged, the current does not 

change. We see that the current changes in terms of various degrees of colors (the level 

signals produced by the wave decay of the stator current) and their arrangement in shapes 

because the wave coefficients of the kinetic error are stronger than the wave coefficients in 

the machine's healthy condition. 

 

These differences demonstrate that, during the start-up period, the wavelet shift may 

discriminate between the signal components of healthy and diseased motors. High scales 

correspond to low frequencies. The lower scales correspond to the higher frequencies. 

Figures (III-26 a, b, c, and d ) compares the level signals produced by the wave decay of the 

stator current to start in a healthy machine.  

 and(3 broken bars)  a machine that is malfunctioning  The level signals brought about by the 

wave decay of the stator current are shown in Figures (III-27 a, b, c, and d ) to (III-29 a, b, c 

,and d). 

 

While a damaged rotor bar and failing motor show a new pattern. It is proposed that a motor 

that is operating properly can be distinguished from one that isn't by using this extra pattern. 

These variances are suggested to act as the identifying feature for broken rotor bar defect 

identification. 
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III.3.4.2. Analysis using Discrete Wavelet Transforms (DWT) 

The level signals produced by the stator current wave decline to start in both a healthy 

machine and a malfunctioning machine, the figures (III-30 a, b, c, and d ) to (III-33 a, b, c 

,and d) are shown. explains in detail the variables caused by the broken rotor bars fault and 

how harmonics arise in transient and steady-state situations. 

 There is no oscillation in the system when the wavelet signal intensity is strong. The stator 

current magnitude in the defective condition displays high-level coefficients and variations in 

coefficients as compared to a healthy state. 

Rotor bar failure increases the coefficient and alters the influence of frequency bands. 

The original signal is decomposed at the eleventh level with a sample frequency of 5 

kilohertz. 

In the process of simulation and examination of the results, we relied on four types of the 

Wavelet family: 

a- Biorthogonal wavelets (bior). 

b- Fejer-Korovkin wavelets (fk). 

c- Haar wavelet (haar). 

d- Symlets wavelets (sym). 

 

III.3.4.2.1. Case of a healthy machine 

Figures (III-30 a, b, c, and d ), show  result Discrete Wavelet Transforms Description (DWT)  

for a healthy motor. 
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Figure III.30: (a) DWT case of (bior)             Figure III.30: (b) DWT case of (fk) 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure III.30: (c) DWT case of (haar)                         Figure III.30; (d) DWT case of (sym) 
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III.3.4.2.2. Case of one broken bar: 

The induction motor was first put to the test under duress with one rotor bar destroyed. 

 Figures (III-31 a, b, c and d), show  results Discrete Wavelet Transforms Description  (DWT) 

for a motor faults (one broken bar). 

 

 

 

 

 

 

 

 

 

 

       Figure III.31: (a) DWT case of (bior)                        Figure III.31: (b) DWT case of (fk) 

 

  

 

 

 

 

 

 

 

 

 Figure III.31: (c) DWT case of (haar)                     Figure III.31: (d) DWT case of (sym) 
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III.3.4.2.3. Case of two broken bars: 

The induction motor was second put to the test under duress with two rotor bars destroyed. 

 Figures (III-32 a, b ,c , and d),, show  results Discrete Wavelet Transforms Description  

(DWT) for a motor faults (two broken bars). 

 

 

 

 

 

 

 

 

 

 

          Figure III.32: (a) DWT case of (bior)                     Figure III.32: (b) DWT case of (fk) 

  

 

 

 

 

 

 

 

 

 

        Figure III.32: (c) DWT case of (haar)                      Figure III.32: (d) DWT case of (sym) 



Chapter III                                                       Size-reduced multi-winding model simulation and results 

108 
 

III.3.4.2.4. Case of three broken bars: 

The induction motor was third put to the test under duress with three rotor bars destroyed. 

 Figures (III-33 a, b ,c , and d), show  results Discrete Wavelet Transforms Description  

(DWT) for a motor faults (three broken bars). 

 

 

 

 

 

 

 

 

 

 

           Figure III-33: (a) DWT case of (bior)      Figure III-33: (b) DWT case of (fk) 

 

 

 

 

 

 

 

 

 

 

               Figure III.33: (c) DWT case of (haar)               Figure III.33: (d) DWT case of (sym)  
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While the approximation signal is better at explaining low-frequency information, the detailed 

signal is better at explaining high-frequency data. 

In order to accurately detect the rotor bar problems, the approximation signal for the eleventh 

level has a frequency range of 2.44 to 1.22, which is very low frequency. 

In both instances, the signal is different and may be distinguished by the disruptions that 

manifest at high levels, it is generally seen. 

It is noticed that the tenth and eleventh levels are superior to the ninth level, which does not 

significantly alter, in terms of clarity and meaningful information. 

When comparing the detail and approximation signals produced for the various types of 

machine operation, it is important to observe that the coefficients D10, D11, and A11 have 

larger amplitudes than when the machine is in good condition. Signals D10, D11, and A11 

have increased amplitudes as a result of the various fault types' effects on the relevant 

frequency bands. 

 However, the additional harmonic lines in the spectrum are caused by the inverter's inverter's 

pulse width modulation (PWM), which uses frequencies that are time harmonics. 

It can be inferred from the motor signals and graphs obtained from the samples, together with 

the 11 levels of decomposition, that when the reading first began, the motor current had 

higher amplitude because of the higher torque, after which it stabilizes. This signal 

information for high and low frequencies is particularly helpful in giving specifics. By 

assessing the energy stored in each, approximation and detail signals, especially in the 

corresponding plane of the frequency band, are validated with respect to mistake severity and 

increase. 

 

The signal is divided into various frequency components using wavelet packets so that any 

irregularities can be examined. By examining the frequency spectrum of the motor current, 

the wavelet packet analysis is able to identify broken rotor bar problems. Additionally, it may 

tell you where the defect is and how serious it is. Wavelet packet analysis can also be used to 

find other induction motor issues. This makes it a useful tool for identifying and resolving 

induction motor problems. 
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III.4 Conclusion 

The major goal of our research in this chapter is to discover and diagnose asynchronous 

machine defects using a multi-winding model to simulate bar breakage and assess the 

machine's behavior in both healthy and defective states. The performance and efficacy of the 

machine will certainly deteriorate when the breaking bars are increased. The use of signal 

processing has the advantage of allowing information to be extracted in order to identify and 

find problems. Also, to ensure that the machine does not stop running as a result of the 

machine. 

The identification of the broken bar fault using spectral analysis of the stator current (MCSA-

FFT) provides a plethora of information about the fault's existence, as well as the frequencies 

and frequency bands that characterize the fault. 

Spectral analysis or the Fast Fourier Transform (FFT), from which we observed: Appearance 

of additional lines in the stator current spectrum, It is by using the Fast Fourier and in the 

other side  the stator current of the phase Isa in regime stationary was analyzed by a technical 

WT wavelet. 

 

The technique is used to address the problem of using the traditional Techniques like Fourier 

Transforms signal processing algorithm by analyzing the stator current envelope. The 

suggested method is based on the use of discrete wavelet transform and continuous wavelet 

transform.  

  A waveform can be monitored at any frequency of interest using the suggested discrete 

wavelet transform and continuous wavelet transform. To identify the rotor broken bar fault, 

stator current frequency spectrum is analyzed and then examined. Based on a suitable index, 

the algorithm separates the healthy motor from the defective one, with 1, 2 and 3 broken bars. 

In comparison to the healthy conditions, the recommended index significantly raises under the 

broken bars conditions. It can identify the problematic conditions with clarity. The possibility 

of detecting potential faults has been demonstrated (broken bars), using discrete wavelet 

transform and continuous wavelet transform.  The diagnostic method is adaptable to 

temporary situations brought on by alterations in load and speed. 

 



 

 

 

Chapter Four : 

 

 

 

 

Validation and Analysis of the Findings 

Using the Finite Elements 
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IV.1 Introduction 

We have in the past simulated the asynchronous machine in a short period of time using 

simulation tools like the Park transformation. We can now use these transformations to 

calculate all the currents of rotor bars and short-circuit rings in the case of the squirrel cage 

asynchronous machine due to the advancement of computer technology, particularly 

processors, [21]. 

In fact, we use either the theory of the electromagnetic field (Maxwell's equations), the 

theory of electrical circuits (Kirchhoff's laws), or the mixed method combining the theory 

of the electromagnetic field and the theory of electric circuits to study these induction 

machines and create a model that takes into account the structure of the rotor, [20]. 

The finite element technique is one of the approaches based on the theory of the 

electromagnetic field. Our tool for creating a model that accounts for the topology, size, 

and composition of the asynchronous machine will be the Maxwell's equations. 

The fundamental electromagnetism equations, or Maxwell's equations, convert physical 

rules into differential forms. These equations are resolved using a variety of techniques, 

including analytical, numerical, and semi-analytic approaches, [10]. 

In reality, the numerical approach—more specifically, the finite element method, which is 

based on the discretization of the research domain—will be of interest to us in this study. 

The simulation of a healthy asynchronous machine with breakage defects from the bars to 

the rotor using the finite element method (FEM) in the magneto dynamic domain will be 

shown in this chapter. In our model, the conductor connected to the bar in the electrical 

circuit is removed, and the equivalent surface in the geometry is filled with a non-magnetic 

substance, simulating the rupture of a bar. 

The correctness of the results discussed in the previous chapter using the MATLAB 

software is further assured by this chapter's results, which we shall explain in both healthy 

and faulty circumstances using the Flux 2D® tool. 

IV.2 Finite element method 

The fundamental goal of the finite element approach is to solve complex problems by 

substituting simpler ones. We will only be able to find an approximation of the answer 

rather than the actual solution since the original problem gets substituted with a simpler 

problem during the search for the solution. 
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Finding the electromagnetic field's structures in a certain area of space is the first step in 

solving an electro magnetics puzzle. Depending on the geometry of the objects, a limited 

number of these field configurations can be solved analytically or precisely from the 

required boundary conditions, [56]. These field configurations must concurrently full fill 

the Maxwell equations or the wave equations. 

Maxwell's equations, along with the constitutive relations of the medium under 

consideration, are the equations that regulate the electromagnetic field in electromagnetic 

systems, [22]. Currently, magnetic problem-solving finite element software is widely 

available on the market. They primarily fit into three groups: 

• Static two-dimensional software (such as Maxwell, Opera2D, Flux2D, etc.) 

Or the magnetic equation is resolved on its own; 

• To account for movement, magnetic and electric equations are concurrently calculated, or 

dynamic two-dimensional software (Flux2D, etc.); 

• Edge effects can be taken into consideration or complicated structures can be calculated 

using three-dimensional software (Flux3D, TOSCA, ELECTRA, etc.). 

Consider the program Flux2D, which enables the drawing of the magnetic circuit diagram 

on a cutting plane that is perpendicular to the machine's axis of rotation. 

Finite element analysis involves these four processes: 

 Creation of a 2-D model and definition of geometrical parameters; 

 Define physical characteristics like geographic areas, types of materials, etc; 

 Building a model of an electric circuit; 

 Integration of the research area with problem-solving. 

In this part, a squirrel cage induction motor is simulated under both healthy and rotor 

broken bar situations using time-step FEM.  The broken bar current is 0 if the rotor bar is 

totally destroyed. This raises the rotor current for the other bars. Additionally, the flux 

distribution surrounding the fractured bar becomes asymmetrical, with an increase in flux 

density on one side and a reduction on the other. Depending on the magnitude of the 

breaking, the broken bar may also have non-zero current [80, 82]. In this study, the broken 

bar current is given a non-zero value, and the broken bar is modelled by a large resistance. 

IV.2.1 Principle of the finite element technique 

The partitioning of the subject matter into simple areas of limited dimensions is the 

essential tenet of the finite element approach. The potential vector in a cutting element can 

be estimated on each domain known as a finite element by approximation functions (also 
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known as form functions), the expression of which differs from type to type. The 

continuity of the potential at the intersections of the components must be guaranteed by 

these approximation functions. Polynomial approximations make up the bulk of methods 

used to approximate an element's potential [22][86]. 

For a triangle element: 

cybxayxAe ),(                                                               (IV-1) 

The following are the quadrilateral elements: 

dxycybxayxAe ),(                                                     (IV-2) 

It is necessary to find the constants a, b, c, and d. Generally speaking, the potential Ae is 

non-zero in the element and zero everywhere. The following equation gives an 

approximation of the potential in a point in the resolution domain (Ω): 
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                                                              (IV-3) 

E : Element number. 

ne : The total number of domain elements (). 

The values of the potentials of an element's three vertices in figure (IV.1) precisely specify 

the potential at all of an element's points as well as the current density. 
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Figure ‎IV.1: Interpolation function of an element 
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IV.2.2 Equations with partial differentials 

There are two different methods of resolution: analytical and numerical. Even though the 

analytical resolution appears to be straightforward and produces correct answers, it has the 

significant drawback of neglecting nonlinearity and geometric deformation. We employ 

numerical approaches for this and to overcome this disadvantage. 

Our research reveals that the finite element technique (MEF) has the edge over the other 

approaches due to its superior ability to adapt to complicated geometries. 

The idea behind finite element analysis, which entails breaking down the structure of the 

machine under study into several components with limited dimensions and then solving 

Maxwell's equations for each of these elements. Each element's boundary conditions are 

fixed by those of its neighbours. It is therefore able to do flux, torque, and inductance 

calculations and determine the magnetic state of the entire structure thanks to the 

combination of all these calculation components. 

The partial differential equation's integral formulation is discretized by the finite element 

method, which results in a set of algebraic equations that roughly solve the situation under 

study. The research area is divided into a limited number of polygonal components to 

create the mesh,  

All of the polygons' vertices —also known as the mesh nodes— are used to calculate the 

vector potential's value. The solution at any point in the domain will be established in 

accordance with the values at the element's vertices by using the proper interpolation 

functions. 

The techniques most frequently used to convert a system of partial differential equations 

into an integral formulation are the weighted residuals approach and the variational 

method. 

Despite the significance of its range of application, this approach loses accuracy in two 

specific circumstances, namely: a) when the field of research becomes infinite; and b) 

when a singularity exists at the level of the field of study or at specific spots that have 

infinite derivatives. 

-The most frequent kind of items we come across depend on whether the research area is 

one, two, or three dimensional. 
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Figure IV.2. Classical elements in one and two dimensions, [61]. 

First-order triangular components are favoured in the vast majority of two-dimensional 

applications. We continue to modify the mesh in order to increase the precision of the 

solution, [87]. 

The following are the key phases in the creation of a finite element model: 

 Construction of the nodal approximation by sub domain;  

 Discretization of the continuous medium in sub domain; 

 Calculates elementary matrices that correspond to the problem's integral form; 

 Assembles elementary matrices; takes boundary conditions into consideration;  

 Solves the system of equations. 

IV.2.3 Formulations 

Consider a certain domain (Ω) in which a field A, scalar or vector, is the solution of the 

following partial differential equation, [23]: 

FAD )(                                                                                    (IV-4) 

Where D is a differential operator and F is a known function, called the source term. 

To fully specify the field A, it is necessary to take into account the boundary conditions Γ 

of the domain (Ω). 

HA
t

A
GAL 



)(                                                                      (IV-5) 
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In this equation G and H are known functions on the boundaries Γ. It is therefore the same 

for the function L. We can distinguish two important special cases: 

1- If the function G is zero, we will have a Dirichlet condition imposing the value of 

the field A on the border Γ: 

HAAL )(                                                                                    (IV-

6) 

2- If the function H is null, we will have a Neumann condition imposing the value of 

the derivative of the field A compared to the normal external to the border Γ: 

     t

A
GAL



)(                                                                               (IV-7) 

A numerical solution approach may be used to find the solution to equation (IV-4) while 

accounting for the boundary conditions (IV-5). The finite element method's numerical 

resolution entails dividing the domain Ω into simple sub-domains Ωe, each of which has a 

field A that is often represented by a polynomial function. As a consequence, the 

differential equations will be converted into a set of algebraic equations, the solution of 

which will reveal the distribution of the field A in the domain Ω. 

The Maxwell equations linked to the constitutive relations of the medium under 

consideration are the equations that control the electromagnetic field in electrical 

equipment. 

A. Relationships between electromagnetic couplings 

     Maxwell-Ampere's equations state that electric currents or variations in an electric field 

can both produce magnetic fields. 

t

D
JHtor









                                                                          (IV-8) 

The Maxwell-Faraday equation also shows a magnetic field can be produced by an electric 

field. Many different types of electrical generators utilise this induced field. An electric 

field is produced in a neigh boring wire by a revolving permanent magnet that generates a 

moving magnetic field. 

   
t

D
Etor









                                                                              (IV-9) 
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B. The relationships of flux conservation 

Electric charges produce an electric field in accordance with the Maxwell-Gauss equation. 

Positive charges are directed toward negative charges in the electric field. This rule 

describes the electric flow via any closed Gaussian surface more specifically [11][85]. 

Ddiv


                                                                                 (IV-10) 

0Bdiv


                                                                               (IV-11) 

C. The relationship governing the properties of magnetic materials 

ED


                                                                                     (IV-12) 

HB


                                                                                     (IV-13) 

D. Ohm's law relationship 

EJ


                                                                                      (IV-14) 

Or : 

H


:  Magnetic field (A/m);  

E


 : Electric field  (V/m); 

B


 : Magnetic induction (T);     

rB


:  Remanent induction of the magnets (T);  

J


 : Total current density (A/m
2
);    

  : Magnetic permeability (H/m); 

  : Electrical conductivity (Ω
-1

m
-1

); 

 e  : The total number of domain elements (). 

 

IV.2.4 The applied model 

     Three modes of resolution can be employed, depending on the anticipated outcomes and 

the amount of simulation time available: 
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IV.2.4.1 Utilizing magneto statics 

         Due to the fact that this mode needs knowledge of the values of the currents in the 

various bars of the rotor, it can only be used to replicate a specific moment of the machine 

operating virtually without a load (and without induced currents). It will mostly be used to 

calculate the motor's magnetizing inductance, [57]. 

 

   The sources in this mode are not time-dependent. The phrase: 

    0




t

B
 

Therefore, the model equations become: 

JHtor


                                                                                  (IV-15) 

0Bdiv


                                                                                   (IV-16) 

rBHB


                                                                                (4-17) 

It is feasible to create a function in potential vector A in the following way thanks to the 

condition (IV-12): 

AtorB


                                                                               (IV-18) 

Fixing the divergence's value is likewise important for complete definition of A. 

The Coulomb gauge condition is then added 0Adiv


. This instantly verifies the solution's 

originality. 

We derive the electromagnetic equation in magneto statics by substituting (4-18) and  

(IV-17) in (IV-15), which is described by the following set of equations: 

 

).().( rBtorJAtortor


                                             (IV-19) 

Or : 




1
  : is the magnetic reflectivity 
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IV.2.4.2 The magneto dynamic mode 

Devices with sources of current or voltage that fluctuate over time can use this concept. 

t

B




 is not a zero value. Additionally, it simulates steady state and makes use of sinusoidal 

current density. This enables the accurate measurement of the effective current. Studying a 

machine analogous diagram is possible in this manner [89]. The following system needs to 

be resolved: 

JAjAtortor


  ).(                                                           (IV-20) 

f 2 : Electric pulse (rad. s
-1

);  

J : imaginary unit (i² = -1). 

IV.2.2.3 Transient magnetic mode 

Is the most thorough, it accurately reproduces the engine's rotation. Since the supply is 

temporary in this situation, discretizing the previous system of characteristic equations step 

by step in time is necessary. The system to solve is as follows: 

0).( 



 adVrgBtor

t

A
Atortor r





                              (IV-21) 

IV.2.5 Overview of the flux2d program  

It is a finite element modelling program that allows for evolutionary regimes and accounts 

for magnetic and thermal phenomena, [36]. Thus, it is software that is well suited to meet 

our demands. With the aid of the program, engineers may compute and see quantities 

relevant to two-dimensional or rotationally symmetrical devices made of materials with 

linear or non-linear, isotropic or non-isotropic properties. The benefit of this 

comprehensive program is that it enables the linkage with circuit equations and the 

insertion of a specific surface region termed "tread" for the study of rotating machines with 

various rotor locations without requiring changes to the geometry and mesh. Specialized 

modules are needed to solve a problem,The sequence of these 2D Flux modules is shown 

as : 
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1- Construction

 

 

Figure IV.3: The sequence of Flux 2D programs 

2- Resolution   (Solving Operation Direct ) 

3- Exploitation  (Analysis ) 

 

 

VI.3 Application to the Asynchronous Machine Simulation 

Although the slope of the notches and the final consequences would necessitate a 3D 

display for a detailed investigation, we shall utilize the flux program in its 2D version [30] 

[32].  

Simple factors underlie this decision: 

      - In comparison to 2D, 3D simulation takes longer. 

     - The major objective of our investigation is not to determine the impact of the notch 

inclination. 

      - Analytically calculated models are used to project the final consequences. 

      - Resistances and inductances, our model's construction also took into account the 

following hypotheses:  

   - Hysteresis and iron losses are disregarded. 

  Data base materials 

Description of material 

        Circuit 

Circuit description 

Surveyor and physics 

  - Description of the geometry and mesh generation 

-Creation of transmission file with finite element 

   -Physical property and boundary condition coupling 

between the magnetic circuit and the electric circuit 
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   - Only sinusoidal power is provided. 

   - Inter-bar currents are not taken into account. 

- The Dirichlet condition (A=0) is applied to the exterior nodes of the stator and those 

internal to the rotor, forcing the flux lines to be tangential to these two surfaces since the 

air around the machine and the shaft is not represented. 

Parameter Value Units 

Nominal power 1.1 kW 

Nominal voltage 220 V 

Rated speed 2850 tr/min 

Number of poles 2 ---- 

Frequency 50 Hz 

Active length 78.53 mm 

Number of phases 3 ----- 

Connection Type Y ----- 

Number of notches 24 ---- 

Inner stator diameter 100 mm 

Stator outer diameter 192.4 mm 

Rotor outer diameter 99.3 mm 

Rotor internal diameter 87.94 mm 

Air gap thickness 0.35 mm 

Bars number 16 --- 

 

Table IV.1: Characteristic of the studied machine 

 

IV. 3.1. Conductive materials 

The resistivity of the copper for a specific temperature of the windings, the expansion, and 

the number of turns per slot will be allocated to this region for the stator conductors, which 

will be considered to be spread uniformly throughout the slots. 

We shall utilize aluminium's resistance at a certain temperature at the rotor level. 
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IV. 3.2. The materials are magnetic 

In determining the magnetic properties of metallic materials, consideration will be given to 

the non-linearity of the characters B (H) (Tableau IV.2). 

H      (A/m) 0 300 500 1000 1500 

B           (T) 0 0.66 1.09 1.45 1.56 

H      (A/m) 2000 3000 4000 5000 6000 

B           (T) 1.61 1.69 1.73 1.76 1.79 

H      (A/m) 7000 8000 10000 20000 30000 

B           (T) 1.83 1.85 1.89 2.04 2.11 

H      (A/m) 40000 50000 60000 70000 - 

B           (T) 2.14 2.16 2.18 2.192 - 

                               

Table IV.2: B (H) of the magnetic material STEEL_NLIN [60]. 

IV.3.3. Connecting with equations for circuits 

The end effects (inductance, resistance of the coil head, and short-circuit ring) must be 

taken into consideration in order to accurately describe the motor. The electrical circuit is 

displayed in Figure IV.4. 

The sources of supply voltage (V _U, V_V, and V_W), (B_U, B_V, B_W), the stator 

winding (L_U, L_V, and L_W), the leakage inductances. 

R1, R2, and R3 are voltage drop resistors in the networks (R_U, R_V, and R_W) that 

represent the resistances of the voltmeters used to monitor the stator voltage, according to 

[88] .With: 

Ql: Is a closed circuit that contains rotor bars (Figure IV.5) (Bar k), resistors (Rik), and 

leakage inductances (Laik), which correspond to the inter-bar regions of short-circuit rings 

(arcs between two adjacent bars). It is used to model the squirrel cage of the machine. 
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Figure IV.4: Circuits representing end effects related to geometry 

 

Figure IV.5: Equivalent circuit of the rotor cage 

This connection is made because the simulations planned attempt to replicate the engine's 

fluctuations while running under load. It is necessary to simulate the short-circuits of the 

cage since the currents created in the rotor can no longer be disregarded, as was the case 

when there is no load. Additionally, this approach allows for the direct delivery of voltage 

to the motor rather than current, which would otherwise be required in the absence of this 

connection. 

IV.4 Result of simulation by dynamic magneto in transitional regime 

(healthy machine) 

The relative position of the rotor stator, often known as "the initial position of the rotor," is 

what determines the outcomes of magneto dynamic simulations. By determining the 

relative rotor-stator location at which the electromagnetic torque equals the average value, 
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we have reached our conclusion. The "initial position" of the rotor serves as input 

information for Flux2D®'s SOLVER_2D processor. 

The transitory operating regime is seen as being highly significant. In fact, by validating 

the design and optimization findings in this mode, it is able to provide a notion of the 

dynamics and the machine's rejection of disturbances. 

In this part, a squirrel cage induction motor is simulated using time-step FEM under both 

healthy and rotor broken bar situations. 

The model from the previous chapter is simulated in this chapter using Flux2D®. 

At time t = 0.6 seconds, the machine was subjected to a torque of 3.5 Nm, which 

corresponds to the investigated machine's nominal torque, in order to observe the model's 

good performance. 

When the rotor cage does not exhibit any signs of failure, we can study the evolution of 

temporal elements like stator currents, torque, and speed. We have shown on Figures (IV-6 

to IV-11) the evolution of both local and global quantities, such as magnetic field lines and 

magnetic induction. 

The induction motor was sent to the test under load first with a sound rotor, then with two 

damaged rotor bars. The frequency domain is used to illustrate each stator current in the 

research. 

 

 

 

 

 

 

Figure IV.6: Regions of the electromagnetic field calculation domain and mesh distribution 

(healthy machine) 
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Figure IV.7: Distribution of equiflux lines for nominal operation(healthy machine) 

 

 

 

 

 

 

 

 

Figure IV.8: Magnetic induction for nominal operation(healthy machine) 

 

 

 

 

 

 

Figure IV.9: Evolution of phase a stator current (isa), on load (healthy) 
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Figure IV.10: Evolution of the electromagnetic torque on starting, under load (healthy) 

 

  

 

 

 

 

 

Figure IV.11: Rotational speed at start, under load (healthy). 

We have shown the evolution of the local quantities (the lines of the magnetic field, the 

magnetic induction) and the global quantities (the currents, the electromagnetic torque, and 

the speed) on the Figures (IV.6 to IV.11). 

The Figures (IV.6 through IV.8) have two poles that are quite obvious to see. In relation to 

the poles' axis, the distribution of the lines is approximately symmetrical. The flux lines 

between the stator and rotor are slightly shifted in the rotor's direction of rotation. The 

induction distribution is similarly almost symmetrical, and we can see that the start-up 

current in the bars is higher than the start-up current under normal operation. 

The currents in the bars result in a symmetrical distribution of the flux lines around each 

pole for a healthy motor. 
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We were able to determine the various speed, electromagnetic torque, and stator current 

parameters through the simulation of the asynchronous motor model with a rotor. It should 

be noted that when the machine is loaded, the speed reaches its nominal value and then 

slightly lowers. The torque will then tend to equal the load torque value. 

The rotor is initially in a shutdown condition, which causes current amplitudes to reach 

their maximum levels. After then, a permanent regime is formed, which causes the currents 

to decline with sinusoidal oscillations around zero. We apply a nominal resistive torque of 

3.5Nm at time t = (0.6 s). Figure (IV.9) depicts the stator phase current's form.  

 The impact of the rising currents is brought on by the rising magnetic response of the 

rotor, which is brought on by the rising amplitude of the rotor currents. 

The electromagnetic torque is seen in Figure (IV.10) as it evolves, with the transient phase 

lasting, manifesting, and capable of reaching a maximum value. The torque then rapidly 

decreases to virtually zero, matching the fluid friction torque. We apply a 3.5 Nm torque at 

(0.6 s), and the electromagnetic torque naturally responds in the opposite manner to 

counter the resistive torque. 

The progression of the rotor's rotational speed is seen in Figure (IV.11). As soon as the 

engine starts, the speed rises, bringing it to a stable condition. A resistive torque of 3.5 Nm 

is then provided at time (0.6 s), which tends to slow the motor shaft and cause the speed 

drop. 

 

IV.5 Result of simulation by dynamic magneto in transitional regime ( machine with 

default) 

The most prevalent rotor defects are bar breakage. Their simulations allow us to recognize 

the symptoms of these defects and forecast the deteriorations the machine will experience. 

We used the finite element technique (FEM) to simulate an engine in various situations 

where rotor bar breakage faults were present in order to demonstrate the failure of the bars 

to break. 

 

IV.5.1 Case of one broken bar 
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First, the induction motor was put through a stress test with one damaged rotor bar. The 

frequency domain is used to illustrate each stator current in the research.  

Figures (IV.12 to IV.17) show how bar breaking affects a phase that the machine absorbs. 

The simulation lasts for five seconds, with the machine being exposed to a resistive torque 

of 3.5 N.m. at the point t = 0.6s. By increasing the resistance by 11 times, we reproduce the 

first bar's failure at time t=2s. 

We have shown the evolution of the local quantities (the lines of the magnetic field, the 

magnetic induction) and the global quantities (the currents, the electromagnetic torque, and 

the speed). The simulation of the model allowed us to obtain the various characteristics of 

the stator current, speed, and electromagnetic torque.   

 

 

 

 

 

 

 

Figure IV.12: Regions of the electromagnetic field calculation domain. (one broken bar) 

 

 

 

 

  

 

 

Figure IV.13: Distribution of the mesh (one broken bar) 
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Figure IV.14: Magnetic induction for operation for one broken bar 

  

 

 

 

 

 

Figure IV.15:  Evolution of phase a stator current (isa) for one broken bar 

 

 

 

 

 

 

Figure IV.16: Evolution of the electromagnetic torque on starting, under load for one broken bar 
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Figure IV.17: Rotational speed at start, under load for one broken bar. 

IV.5.2 Case of two broken bars 

Second, an induction motor stress test was conducted with two rotor bars that were 

damaged. We have demonstrated the evolution of the local quantities (the lines of the 

magnetic field, the magnetic induction) and the global quantities (the currents, the 

electromagnetic torque, and the speed) in the research using the frequency domain.   

Figures (IV.18 to IV.23) depict how a phase that the machine absorbs is impacted by two 

bar breaking. 

A resistive torque of 3.5 N.m is applied to the machine at the point t = 0.6 sec during the 

simulation, which lasts for five seconds. We replicate the first bar's failure at time t= 2s 

and the second bar's failure at time t= 3s by raising the resistance by 11 times. 

 

 

 

 

 

 

 

 

 

Figure IV.18: Regions of the electromagnetic field calculation domain. (two broken bars) 
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Figure IV.19: Distribution of the mesh (two broken bar) 

 

 

 

 

 

 

 

Figure IV.20: Magnetic induction for operation for two broken bars 
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Figure IV.21:  Evolution of phase a stator current (isa) for two broken bars 

 

 

 

 

 

 

 

Figure IV.22: Evolution of the electromagnetic torque on starting, under load for two broken bars. 

  

 

 

 

 

 

Figure IV.23: Rotational speed at start, under load for two broken bars. 
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IV.5.3 Case of three broken bars 

Third, the effects of three bar breaking on a phase that the machine absorbs are shown in 

Figures (IV.24 to IV.29). A resistive torque of 3.5 N.m is applied to the machine at the 

point t = 0.6 s during the simulation, which lasts for five seconds. By raising the resistance 

by a further 11 times, we are able to replicate the failures of the first bar at time t=2s, the 

second bar at time t=3s, and finally the third bar at time t=4s. 

Three broken rotor bars were used in a stress test on the induction motor. We have 

demonstrated the evolution of the local quantities (the lines of the magnetic field, the 

magnetic induction) and the global quantities (the currents, the electromagnetic torque, and 

the speed) in the research using the frequency domain.   

 

 

 

 

 

 

 

 

Figure IV.24: Regions of the electromagnetic field calculation domain. (Three broken 

bars) 

 

 

 

 

 

 

 

Figure IV.25: Distribution of the mesh (three broken bar) 
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Figure IV.26: Magnetic induction for operation for three broken bars 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure IV.27:  Evolution of phase a stator current (isa) for two broken bars 
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Figure IV.28: Evolution of the electromagnetic torque on starting, under load for three broken 

bars. 

   

 

 

 

 

 

Figure IV.29: Rotational speed at start, under load for three broken bars 

We have investigated the machine in three circumstances by breaking the bars, as shown 

by the prior findings: 

 In the first experiment, we fractured the first rod in the squirrel cage rotor, as seen 

in Figures IV-12 and IV-13. The rod was broken at time t = 2s, and its effects were 

visible up to t = 5s. 

 As illustrated in Figures IV-18 and IV-19, we broke two neighboring bars (bars 

number one and number two) in the squirrel cage rotor in the second scenario. The 

first bar was broken at time t = 2s, and we observed its impact until t = 3s. The 

second rod broke at time t=3s, and its effects were visible until t=5s. 
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 As shown in Figures IV-24 and IV-25, in the third scenario, we broke three 

adjacent bars (bars numbers one, two, and three) in the squirrel cage rotor since the 

first bar was broken at time t = 2s and we observed its impact until t = 3s. The third 

rod was broken at time t = 4s after the second rod was broken at time t = 3s, and its 

effects were visible until t = 4 s. We observed its impact up to t=5s. 

We will discuss these modifications in our examined model from four perspectives in order 

to understand these consequences in the three cases: 

1. Magnetic induction and  for machine operation 

 

The magnetic induction operation machine is shown in figures (IV-14), (IV-20),  

and (IV-26) in three successive examples. The accentuation of the imbalance when the 

faults arise is also visible in the induction distributions. 

We note that the induction is rather high around the fault. The stators complete induction 

imbalance between the machine's poles accounts for the distortions in the supply currents 

and electromagnetic torque. 

This fault rises higher and becomes more obvious as the number of broken bars rises, 

which explains why it was easier to see the problem in the third example than it was in the 

second and in the first instance, breaking one bar had the least detrimental effects. 

2. Changes in phase a current in a stator 

 

The rupture of the bars causes an undulation in the currents' amplitude. The number of 

broken bars directly relates to the oscillation's magnitude. The charts below demonstrate 

this dependency. 

In the Figures (IV-15), (IV-21), and (IV-27) the broken bars reflect the current in the bar 

next to the broken bars in each of the three examples. 

The distribution of the currents in the machine's bars is shown in the figures above; when 

the machine's bars break, the current between the rotor's bars becomes unbalanced and its 

amplitude increases. Along with the number of broken bars, its amplitude grows. Be aware 

that this value is also related to the oscillations' amplitude. 

Because the neighboring bars carry more current, this causes them to heat up and age more 

quickly, which accounts for the cumulative effect on the breakage of the bars.   
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3. The torque impact of bar fracture 

 

We can see that the mechanical characteristic in a transitory condition, along with the 

number of broken bars, swiftly provides information on the status of the engine in  

Figures (IV-16), (IV-22), and (IV-28). The machine and the traction chain's component 

degradation are sped up by the oscillations' high amplitude. 

We see that the torque is increasingly impacted as the number of broken bars increases. In 

actuality, the disintegration of the bars lowers the average value and raises oscillations. 

Through analysis of these defects in the third situations, which demonstrated to us in each 

instance that the rise in damage grows exponentially with the number of broken bars, these 

oscillations increase with the number of broken bars in the squirrel cage rotor. 

 

4. Rotational speed 

As the number of broken bars slowing the motor shaft rises, we can see from the findings 

in Figures (IV-17), (IV-23), and (IV-29) that the speed is degrading and dropping. 

The inverse link between machine speed and the quantity of broken bars was validated in 

the first, second, and third examples in our investigation of the evolution of machine speed. 

These lead to oscillations in rotational speed, which produce mechanical vibrations and, as 

a result, irregular machine operation. 

IV.6 Conclusion 

 

In this chapter, a squirrel cage induction motor is simulated under both healthy and rotor 

broken bar situations using time-step FEM.  The  if the rotor bar is totally destroyed. This 

raises the rotor current for the other bars. Additionally, the asymmetric flux distribution 

and increased flux density surrounding the fractured bar cause an increase in 

electromagnetic torque oscillations and a decrease in rotational speed. 

Let's come to the conclusion that the machine will have more issues the more broken bars 

there are. 

In this study, the broken bar current is given a non-zero value, and the broken bar is 

modeled by a large resistance. The FEM machine fault model is used to study the behavior 

of the machine under various fault conditions, such as fault (broken bar). We have shown 
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the evolution of the local quantities (the lines of the magnetic field, the magnetic 

induction), as well as the global quantities (the currents, the electromagnetic torque, and 

the speed). 

The analysis provided by the finite element approach then demonstrates that it is a useful 

and affordable way to analyze the impact of rotor defects on the behavior of asynchronous 

machines, and has enabled us to comprehend and quantify the local effects of rotor faults. 

These outcomes provided compelling evidence for the efficiency of the approach 

employed in our investigation in identifying flaws (broken bars) in the squirrel cage rotor 

and anticipating future issues with the device. 

A validation of the accuracy of our work from the third chapter, where we utilized the 

MATLAB software, is also expressed in this chapter utilizing the Flux2D® SOLVER tool. 
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General Conclusion 

 

Since asynchronous machines are becoming more prevalent in industrial settings, certain 

users are required to take precautions against the emergence of a problem, which most 

frequently results in a premature machine shutdown. Therefore, the work discussed here 

focuses on the identification of rotor failures, particularly bar fractures that may happen 

inside an asynchronous machine's squirrel cage. 

Our work's primary goal is to employ a multi-winding model to mimic the break of bars 

and identify the machine's behaviours in both a healthy and faulty condition in order to 

discover and diagnose defects in asynchronous machines. Increasing the breaking bars 

inevitably causes the machine's efficiency and performance to decline. The benefit of using 

signal processing is that information may be extracted to find and identify faults. 

Results 

In the first chapter, we reviewed the machine's component parts and described the 

numerous defects that may arise on them. The examination of signals showing an electrical 

and/or mechanical flaw in the frequency domain is then made possible by a number of 

instruments derived from signal processing techniques. 

Finally, we outlined the benefits and drawbacks of the diagnostic techniques currently used 

to determine whether a defect exists in an asynchronous system to confirm the existence of 

an electrical and/or mechanical breakdown, as well. 

It immediately became essential to have a simulation tool that was adequately 

representational of the various conditions (healthy and broken system), given how 

challenging it is to experimentally recreate fault situations. Therefore, in the second section 

of this thesis, we present a model that enables the simulation of an asynchronous squirrel-

cage machine in the (Park) frame by using a multi-winding model to simulate the break of 

bars and assess how the machine behaves under normal and abnormal electrical conditions 

(at the motor or voltage inverter level case).  

Through this method, it was feasible to examine how an asynchronous machine's dynamic 

behaviours were affected by a rotor error. 
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In the third chapter, simulation software on Matlab was created. Results on the signals 

acquired as a function of time, including the stator current, mechanical speed, 

electromagnetic torque, and bar currents. 

For the spectrum study of the stator current for broken rotor bar faults, we also employed 

the transformations Fast Fourier (FFT) and Wavelet. 

There is a wealth of information concerning the broken bar fault's existence, as well as the 

frequencies and frequency bands that define the fault, when it is identified using spectral 

analysis of the stator current (MCSA-FFT). 

We observed the following via spectral analysis or the Fast Fourier Transform (FFT): 

Appearance of new lines in the stator current spectrum, We have emphasized more 

representative criteria, such as the presence of frequency lines ((1± 2ks) fs) on both sides, 

utilizing the Fast Fourier Transform (FFT). Another fundamental error that leads to bars 

breaking. 

It has been discovered that rotor flaws lead to oscillations in stator current, speed, and 

torque. As the fault severity grows, so does the amplitude of these oscillations.  

When the machine was powered by an inverter with PWM control, new harmonics began 

to arise in the signal spectrum. The most significant of these harmonics, as we have already 

said, are those that are centeredaround the carrier frequency. Others close to the 

fundamental, however, have modest amplitudes. Additionally, it was discovered that the 

fault harmonics may be easily separated from the inverter's other harmonics. 

These diagnostic methods have the benefit of alerting us to defects even while the 

equipment is being powered by an inverter. 

The outcomes demonstrate that the FFT can detect a bar break defect by looking for lines 

that are opposite the fundamental. 

In this study, the diagnostic method is based on the analysis of the stator current during the 

start-up electromagnetic torque and uses both discrete wavelet transform and continuous 

wavelet transform. 

This technique can demonstrate the time-frequency properties of fault signals clearly. The 

performance of these two strategies was shown by their ability to construct a local 



General Conclusion 

140 

 
 

representation of non-stationary current signals for both a working machine and one with a 

defect by raising the peaks of the time domain waveform analysis function. 

Using wavelet transform and wavelet packets to decompose the signal is a useful method 

for multi-resolution analysis. 

The orthogonality of the wavelet function ensures the independence of the decomposed 

signals. The separated frequency bands include no duplicate data. 

Mechanical condition monitoring and problem diagnostics may be successfully carried out 

using data from a number of separate frequency bands. 

Additionally, to ensure that the machine would run continuously while using the wavelet 

continuous transformation approach. The produced simulation results demonstrate this 

technique's use in broken bar detection. Additionally, wavelet quality may be employed to 

enhance fault identification and increase the efficacy of detection and diagnostics. This 

technique, which makes use of specific technologies for motor status monitoring and fault 

analysis, identifies issues early, helping to prevent damage and total failure. The shorter 

period of time ensures that defects will be found and that the equipment will be maintained 

without suffering any damage. This work shows a new approach in detection of broken 

rotor bars in squirrel cage induction motors with inverter or without inverter 

Fourthly, We have created a model based on finite elements utilizing Flux 2D® software 

to depict numerous flaws that may arise during normal operation, the FEM confirmed the 

simulation results to Chapter 3's results credibility and confirm the potency of the 

suggested index for rotor broken bar fault detection in the fourth chapter. When compared 

to healthy settings, the suggested index significantly increases at broken bars situations, 

and it may identify defective conditions with clarity. 

We considered the possibility of rotor bar failure defect in order to meet the goal of our 

study. As a consequence, we discovered that the electromagnetic torque degraded and that 

the bars next to the fractured bars are under the highest stress. This study helped us to 

understand how the failed system behaved and to identify the distinctive fault signatures, 

enabling us to create appropriate diagnostic procedures and serving as a starting point for 

problem identification. 

Furthermore, in this chapter, FEM is used to analyze the magnetic field and establish the 

characteristics of the machine under various failure scenarios. Additionally, two situations 
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(health machines and destructive machines) show that machine broken bars have an 

impact. 

 

Outlook 
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Appendices A 

 

 ASYNCHRONOUS MACHINE SIZING PROGRAM RESULTS SHEET 

 

1. SPECIFICATION DATA 
 

Useful Power (W)                                                                       Pu... 1100.00 

Single Phase Voltage (V)                                                           V1... 220.00 

Number of Machine Phases m1                                                  m1... 3.00 

Supply frequency (Hz)                                                                fs .. 50.00 

Number of Pole Pairs                                                                   p... 1.00 

Rotating Field Speed (rps)                                                           ns... 50.00 

Yield Esteem                                                                                Eta... 0.85 

Estimated Power Factor                                                              Cosfie... 0.90 

Estimated Dispersion Coefficient                                                Kdisp... 0.70 

Power Absorbed by the Machine (W)                                         Pabs... 1294 

Machine Phase Current (A)                                                          I1... 2.179 

Apparent Internal Power (VA)                                                     If .. 1006.5 

Const. Shape Non Sinusoidal Induction                                       Kfind .. 4.000 

Induction Form Factor in Air gap                                                 Kf .. 1.085 

Pole Coverage Coefficient                                                            Kfnp .. 0.700 

Geometry Factor Estimate Machine                                             Landae1 .. 0.500 

Estimated Linear Current Density (A/m)                                      A1 .. 15000 

Induction magnet. Estimated Air gap (T)                                      Bd .. 0.550 

Estimated virtual length (m)                                                           lie .. 0.079 

Pitch Polar estimate (m)                                                                 Taue .. 0.157 

Coef.Usage estimated minimum                                                    Cest1 .. 0.427 

Air gap Estimate (m)                                                                     Deltae .. 0.00035 

Estimated Apparent Tangential Force (N/m²)                               Sigmae .. 2597.0 

Number Slot/Pole and /Phase                                                        q1 .. 4 

Fact. Distribution Fundamental wave                                              Kd1 .. 0.958 

Shortening coefficient                                                                   Kp1 .. 0.940 

 

2. PART ONE 
 

2.1. PRELIMINARY CALCULATIONS 

 

Coefficient of Winding                                                                   Kw1 .. 0.900 

Number Slots of the machine                                                            Z1 .. 24 

 

2.2. GEOMETRIC DIMENSIONS 

 

Determination of Diameter (m)                                                       D1 .. 0.10000 

Calculation Pole Pitch (m)                                                              Tauc1 .. 0.15708 
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Virtual length (m)                                                                            lic .. 0.07854 

Calculation of the Geometry Factor                                                Landac1 .. 0.500 

Calculation of the Utilization Coefficient                                        Ccal1 .. 0.427 

 

3. PART TWO STATOR SIZING 

 

3.1. Number of Turns Per Phase 
 

Pole Pitch Area(m²)                                                                             Spp1 .. 0.01234 

Number of Turns Per Phase                                                                 Nsph11 .. 166.0 

Number of Turns Chosen Per Phase                                                   NsphCh11 .. 166 

Total number of stator conductors                                                        z1 .. 996 

Number Conductors/stator slot                                                             Nz1 .. 42 

Recalculated Induction in Air gap(T)                                                   Bdr .. 0.550 

Air gap Delta--Asynchronous machines(m)                                    Deltac1 .. 0.00035 

Useful flux in air gap (Wb)                                                                FluxU .. 0.00475 

Dispersion Coefficient                                                                        SigH1 .. 0.42857 

Total Flux (Wb)                                                                                 FluxT .. 0.00679 

Linear density (A/m)                                                                              A1c .. 7423 

 

3.2. Stator Winding Sizing 

 

Stator Current Density (A/mm²)                                                       Jcond1 .. 4000000 

Conductor insulation thickness (mm)                                                Episcd .. 0.00004 

Thickness Sheath Protection Coil Iron(m)                                           EpG .. 0.00050 

Gap between insulation sheath conductors (m)                                    Gap .. 0.00050 

Calles thickness (m)                                                                            EpCal .. 0.00050 

Notch width (m)                                                                                   LEnc .. 0.00816 

Notch depth (m)                                                                                   PEnc .. 0.00633 

Throat thickness Notch (m)                                                          EpgorZd1 .. 0.00200 

Resistivity Stator Winding(Ohm.m)                                                       Rho1 .. 3e-08 

Copper Volume Density (kG/m3)                                                     GamaCu1 .. 8890 

Iron Volume Density (kG/m3)                                                           GamaFe1 .. 7600 

Estimated Induction in Cylinder Head(T)                                             BCul1 .. 1.300 

Filling coefficient (Expansion)                                                                   Kr .. 0.900 

 

3.3. Dimensioning of the stator slots 

 

Stator Winding Section (mm²)                                                         Scond1 .. 5.45e-07 

Conductor Diameter (mm)                                                         Dcond1 .. 0.00083276 

Selected Normalized Diameter (mm)                                       Dnorcd1 .. 0.00087276 

Chosen Normalized Width (mm)                                              Lnorcd1 .. 0.00073801 

Selected Normalized Height (mm)                                           Hnorcd1 .. 0.00073801 

Normalized section (m²)                                                             Snorcd1m .. 5.45e-07 

Insulated conductor width (mm)                                                           Lcdis .. 0.001 
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Insulated conductor height (mm)                                                          Hcdis .. 0.001 

Section Insulated conductor (m²)                                                     Scdism .. 6.05e-07 

Stator tooth pitch (m)                                                                            Pdz1 .. 0.013 

Calculated Notch Depth (m)                                                                 PEncc .. 0.006 

Notch Fill Factor                                                                                FREncm .. 0.700 

 

3.4. Stator Resistance per Phase 

 

Coil Head Coefficient                                                                              KTB .. 2.000 

Average Coil Head Width (m)                                                                  lf .. 0.294 

Long. Avg. (half-turn) Conduct. (m)                                              LavgCond .. 0.373 

Total length Stator Winding (m)                                                   LTCond1 .. 371.466 

Stator Winding Phase Resistance (Ohm)                                             Rph1m .. 6.820 

 

3.5. Total Leakage Reactance Per Stator Phase 

 

Permeance Zone Dent.Stator Perm                                                        Z1..2.69e-08 

Permeance Flux diff.Stator Perm                                                          D1 .. 1.23e-07 

Permeance Head Coil Stator Perm                                                         B1 .. 8.95e-08 

React. Total Leak/Stator Phase (Ohm)                                                     Xf1 .. 4.140 

 

4. PART THREE ROTOR SIZING 
 

Number of Conductors Per Rotor Phase                                                   Nsph2 .. 0.5 

Number of Rotor Slots                                                                                  Z2 .. 16 

Number of Notches per Phase                                                                       Kq .. 1 

Shortening coefficient                                                                                   Ks .. 1 

Ventilation-Friction Loss Coef (pcent)                                                     KPVF .. 0.0 

Coef Loss Superf.-Pulsat.Teeth (pcent)                                                   KPSup .. 0.0 

Estimated Slip (pcent)                                                                                Slip .. 0.050 

Ring Current Density (A/mm²)                                                             JAn .. 5000000 

Resistivity Al. Winding Rotor(Ohm.m)                                            RhoAl2 .. 3.6e-08 

Bar Current Density (A/mm²)                                                             JBar .. 5000000 

Aluminum Volume Density (kG/m3)                                                GamaAl2 .. 2700 

Rotor Iron Volume Density (kG/m3)                                                 GamaFe2 .. 7600 

Induction Rotor Cylinder Head (T)                                                       BCul2 .. 1.008 

 

4.1. Sizing of the Rotor Cage 

 

Rotor Tooth Pitch (m)                                                                           TauZ2 .. 0.017 

Empty EMF of each Rotor Bar (V)                                                       E2Bar .. 0.515 

Wind losses. and Friction (W)                                                              PVF .. 5,500 

Additional losses (W)                                                                             PSup .. 5,500 

Rotoric Bar Current (A)                                                                        IBar .. 141.831 

Current in Rotor Ring (A)                                                                     IAn .. 363.500 

Cage Ring Thickness (mm)                                                                    EpAn .. 0.009 

Cage Ring Depth (mm)                                                                         ProfAn .. 0.009 
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Ring average length (mm)                                                                       LAn .. 0.295 

 

4.2. Equivalent Resistance Calculation by Rotor Phase 

 

Resistance Anneau  a 75°C (Ohm)                                                RAn      ..  6.99e-06 

Epaisseur Barre Cage (mm)                                                             EpBar    ..   0.005 

Profondeur Barre Cage  (mm)                                                           ProfBar  ..  0.005 

Longeur Barre Cage  (mm)                                                                LBar     ..   0.097 

Resistance de la Barre a 75°C (Ohm)                                           RBar     .. 0.000123 

Resist.Equival./Phase Rotor 75°C(Ohm)                                    Rph2     ..   0.000159 

 

4.3. Rotor Total Leakage Reactance Calculation 

 

Permeance Rotoric Dental Zone Perm                                               Z2 .. 1.3e-06 

Permeance Rotoric Differential Flux Perm                                        D2 .. 2.1e-07 

Permeance Rotor Coil Head Perm                                                      B2 .. 1e-07 

Total Rotor Reactance (Ohm)                                                            Xf2 .. 0.000505 

 

5. PART FOUR TOTAL ENGINE WEIGHT CALCULATION 

 

5.1. Total Stator Weight Calculation 

 

Cylinder Head Stator Thickness (m)                                                   EpCul1 .. 0.037 

Outer Diameter Cylinder Head Stator (m)                                      DExCul1 .. 0.192 

Stator Yoke Iron Weight (kG)                                                            PFeCul1 .. 9.690 

Weight Iron Tooth area of Stator(kG)                                                 PFeZd1 .. 0.902 

Notch pitch (m)                                                                                    TauEnc .. 0.013 

Shortening Factor 11Enc/12Enc                                                          FRac .. 0.778 

Stator Copper Weight (kG)                                                                  PCu1m .. 1.799 

Total Stator Weight (kG)                                                                      PT1 .. 12.391 

 

5.2. Total Rotor Weight Calculation 
 

Weight of Bars (kG)                                                                      PBar .. 0.118 

Weight of Radial Rings (kG)                                                         PAn .. 0.115 

Weight of Iron Rotoric Tooth Area(kG)                                        PFeZd2 .. 0.675 

Rotor Yoke Thickness (m)                                                             EpCul2 .. 0.033 

Weight of Rotor Cylinder Head (kG)                                             PCul2 .. 3.051 

Shaft diameter (m)                                                                          Shaft .. 0.021 

Weight of iron shaft (kG)                                                                PfeAr .. 2.951 

Total Weight of Radial Cage Rotor (kG)                                        PT2 .. 6.910 

 

5.3. TOTAL ENGINE WEIGHT 

 

TOTAL ENGINE WEIGHT (kG)                                                        GTM .. 22,791 

MOTOR MASS POWER (kW/kG)                                                   PMASM .. 0.048 
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6. TOTAL INERTIA OF THE ASYNCHRONOUS MACHINE MOTOR ( 

QUALITY AND PERFORMANCE FACTOR ) 
 

6.1. Total Resistance Returned to the Stator 

 

Vacuum permeability                                                                             Mu0 .. 1.3e-06 

Reduction coefficient of the machine                                                   Kred.. 16743.3 

resist. Rotor Brought to Stator(Ohm)                                                  Rr21 .. 2.65409 

resist. Total Returned to Stator(Ohm)                                                  RTot .. 9.55546 

 

6.2. Total Reactance Brought Back to the Stator 

 

Reactance Rotor Brought to Stator (Ohm)                                          Xf21 .. 8.76473 

Total Reactance Returned to the Stator (Ohm)                                 XfTot .. 13.17297 

 

6.3. MAGNETO-MOTORING FORCES IN THE MACHINE 

 

FMM in the Air Gap Zone (At)                                                       FmmDelta .. 333.6 

Induction B at 1/3 head stator tooth (T)                                               BdZ13 .. 1.571 

FMM Stator Tooth Zone (At)                                                               FmmZ1 .. 78.6 

Recalculated induction Cylinder head Stator (T)                                 BCulr1 .. 1.300 

FMM in the Stator Yoke Zone (At)                                                  FmmCul1 .. 195.4 

Induction B 2/3 tooth head Rotor (T)                                                    BdZ23 .. 0.897 

FMM in the Rotoric Tooth Zone (At)                                                     FmmZ2 .. 2.8 

Recalculated induction Cylinder head Rotor (T)                                  BCulr2 .. 1.008 

FMM in the Rotor Yoke Zone (At)                                                    FmmCul2 .. 26.3 

Total FMM/Pole Pair (At)                                                                  FmmTot .. 636.7 

Calculated Saturation Coefficient                                                         KSAT .. 1.300 

Total Saturation Coefficient                                                                KSATot .. 1.300 

Stator Magnetizing Current Im (A)                                                             Im .. 1.578 

Stator Short Circuit Current (A)                                                             I1cc .. 14.395 

Short-Circuit Current Phase Angle                                                         fiCC .. 54.043 

Starting Torque Tstart (Nm)                                                                       Tstart .. 4.1 

Nominal Torque Tn (Nm)                                                                           Tn .. 3.7 

 

7. PART SIX PERFORMANCE CALCULATION 
 

7.1. TOTAL IRON LOSSES 

 

Losses In Stator Iron (W)                                                                      PFerStat .. 56.4 

Losses In Rotor Iron (W)                                                                        PFerRot .. 3.6 

TOTAL LOSSES IN IRON (W)                                                           PFerTot .. 60.0 

 

7.2. TOTAL LOSSES PER FLOW PULSATION 

 

 Stator Pulse/Flux Iron Losses (W)                                                              Ppuls1 .. 0 

Rotor Pulse/Flux Iron Losses (W)                                                       Ppuls2 .. 11,000 
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TOTAL LOSSES PER FLOW PULSE (W)                                    PpulsTot .. 11,000 

 

7.3. TOTAL COPPER LOSSES IN THE MACHINE 

 

Winding Copper Losses of Stator (W)                                               PCopper1 .. 97.1 

Rotor Cage Copper Losses (W)                                                          PCopper2 .. 51.0 

TOTAL LOSSES-COPPER IN MACHINE (W)                          PCopperTot.. 148.1  

 

7.4. TOTAL FRICTION/VENTILATION LOSSES 

 

Losses Friction/Ventil.(W)                                                                   PFrotVent.. 5.5 

 

7.5. SUM OF LOSSES IN MACHINE 

 

Sum of Losses in the Machine (W)                                                  SumPer .. 224.616 

 

7.6. MACHINE PERFORMANCE 

 

Machine yield in (pcent)                                                                     YieldM .. 0.830 

 

8. PART SEVEN PARAMETERS FOR DEVELOPING THE CIRCLE 

DIAGRAM 
 

No-load active current (A)                                                               Iact0 .. 0.094 

No-load current (A)                                                                          I0 .. 1.581 

No-load Phase Angle (Degree)                                                         fi0 .. 86.592 

Nominal Slip 1 (pcent)                                                                      SlipN .. 4.377 

Nominal Power Factor                                                                      Cosfi .. 0.921 

Nominal Phase Angle (Degree)                                                         fi1 .. 22.896 

Maximum Power Factor                                                                   CosfiMax .. 0.802 

Coeff. of Overload at Startup                                                            COverch .. 6.4 

 

9. PART EIGHT PROPORTION VERIFICATION CALCULATION 

 

Product Yield Power Factor                                                                PETAFP .. 0.765 

No-load Current/Rated Current Ratio                                                 RT1 .. 0.72573 

Total Section Stator Conductors (m²)                                            STotCond1.. 0.00054259 

Total Section Stator Conductors (m²)                                            STotCond2.. 0.00045386 

 

10. PART NINE DETERMINATION OF PARAMETERS EQUIVALENT 

DIAGRAM 

 

Stator Leakage Inductance (H)                                                             lsf1 .. 0.01318 

Induct.Rotor Leak Returned to Stator(H)                                             lfr21 .. 0.02692 

No-load reactive power (VAR)                                                            Q0 .. 1041.7 

Stator Self-Phase Inductance (H)                                                          Ls1 .. 0.44369 
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Mutual Inductance Stator - Rotor (H)                                                   M .. 0.43051 

Induct.Clean Rot.Returned to Stator (H)                                              Lr21 .. 0.45743 
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Figure : Matlab Toolbox Wave menu editor windows .[108]   

 

[108]  BELHAMDI Saad "Fault Diagnosis of Asynchronous Machine Controlled by Different 

Control Techniques" , Thesis a Doctorate of Science degree,Option Electrical Engineering, 

Mohamed Khider University - Biskra,2014. 



 

 

Abstract 
Machine monitoring, for the diagnosis and forecasting of breakdowns, has given rise to a lot of work in recent 

years, and has caused its considerable influence on the operational continuity of many industrial processes, squirrel 

cage induction motors are widely employed. These motors can be used in harsh situations, such as non-ventilated 

spaces, due to their high strength and longevity.  

In this thesis, we have first presented rotor faults in asynchronous machines, mentioning the diagnostic methods 

currently used, as well as their advantages and disadvantages. Secondly, a model of squirrel cage with multiple 

turns in a closed loop was presented to simulate the breaking bars. We used an analytical technique to illustrate the 

development of the model using the Park criterion. We also use  the inverter with two voltage levels in MAS. 

In the third chapter, we present the simulation results of the machine scale model in both intact and defective 

condition (with and without inverter), by performing a spectral analysis of the stator current signature of an 

asynchronous cage motor under different fault conditions of the rotor (broken rod), in the first using the method 

Fast Fourier transform FFT  the second using WT wavelet analysis techniques in both directions continuous 

transform and discrete transform to determine the breakage problems of the rods in the induction motor predicting 

a deterioration in her condition. Confirming the validity of the simulation results in the previous chapter, in 

Chapter 4, we presented a simulation model using finite element approach in Flux 2D® software in order to 

evaluate how the machine behaves in the absence and presence broken bars. So that, this work and the results we 

have reached are a scientific reference to be used in diagnosing faults of asynchronous machines with a squirrel 

cage. 

Key words—Squirrel cage induction motors, BRB, WT, FFT, continuous wavelet transform, discrete wavelet 

transform, FEM. 

 خلاصة
في انضُٕاخ الأخيشج، ٔكاٌ نٓا ذأثيش كثيش عهى الاصرًشاسيح انرشغيهيح  نمذ أدخ يشالثح الآلاخ نرشخيص الأعطال ٔانرُثؤ تٓا إنى ظٕٓس انكثيش يٍ انعًم

الف نهعذيذ يٍ انعًهياخ انصُاعيح، ٔيرى اصرخذاو انًحشكاخ انحثيح راخ انمفص انضُداتي عهى َطاق ٔاصع. يًكٍ اصرخذاو ْزِ انًحشكاخ في انًٕ

 .ٔطٕل عًشْا الافرشاضيانماصيح، يثم الأياكٍ غيش خيذج انرٕٓيح، َظشًا نمٕذٓا انعانيح 

اْا في ْزِ الأطشٔحح، لًُا أٔلاً تعشض أخطاء انذٔاس في الآلاخ غيش انًرزايُح، يع ركش طشق انرشخيص انًضرخذيح حانياً، تالإضافح إنى يزاي

اٌ. اصرخذيُا ذمُيح ذحهيهيح نرٕضيح ثاَياً، ذى ذمذيى ًَٕرج لآنح غيش يرزايُح تمفص صُداتي يرعذد انهفاخ في حهمح يغهمح نًحاكاج كضش انمضث .ٔعيٕتٓا

 .MAS انعاكش تًضرٕييٍ يٍ اندٓذ في تاصرخذاوذطٕس انًُٕرج تاصرخذاو يعياس تاسن. لًُا أيضًا 

س ريانطيفي  في انفصم انثانث، َمذو َرائح انًحاكاج نًُٕرج يمياس الآنح في كم يٍ انحانح انضهيًح ٔانًعيثح )يع ٔتذٌٔ عاكش(، يٍ خلال إخشاء ذحهيم

 اندزء انثاتد نًحشن لفص غيش يرزايٍ ذحد ظشٔف خطأ يخرهفح نهذٔاس. )انمضية انًكضٕس(، في الأٔل تاصرخذاو طشيمح ذحٕيم فٕسييّ انضشيع

FFT ٔانثاَي تاصرخذاو ذمُياخ ذحهيم انًٕيداخ WT في كلا الاذداْيٍ انرحٕيم انًضرًش ٔانرحٕيم انًُفصم نرحذيذ يشاكم كضش انمضثاٌ في انًحشن 

 .انرحشيضي يرٕلعا ذذْٕس حانرٓا

يٍ أخم ذمييى كيفيح ذصشف الآنح في ظم غياب  ®Flux 2D لذيُا في انفصم انشاتع ًَٕرج يحاكاج تاصرخذاو يُٓح انعُاصش انًحذٔدج في تشَايح

ٔانُرائح انري ذٕصهُا إنيٓا يشخعاً عهًياً ٔٔخٕد انعيٕب )الأعًذج انًكضٕسج( ٔانرأكذ يٍ صحح َرائح انًحاكاج في انفصم انضاتك، تحيث يكٌٕ ْزا انعًم 

 .يضرخذو في ذشخيص أعطال الآلاخ انكٓشتائيح غيش انًرزايُح راخ انمفص انضُداتي

 .انًحشكاخ انحثيح راخ انمفص انضُداتي، انمضية انًكضٕس ، ، ذحٕيم انًٕيداخ انًضرًش، ذحٕيم انًٕيداخ انًُفصهح -الكلمات المفتاحية 

Résumé 
La surveillance des machines, pour le diagnostic et la prévision des pannes, a donné lieu à de nombreux travaux 

ces dernières années, et a eu une influence considérable sur la continuité opérationnelle de nombreux processus 

industriels. Les moteurs asynchrones à cage d'écureuil étant largement utilisés, ces moteurs peuvent être utilisés 

dans des situations difficiles, telles que des espaces non ventilés, en raison de leur résistance et de leur longévité 

élevées. 

Dans cette thèse, nous avons d'abord présenté les défauts rotoriques des machines asynchrones, en mentionnant les 

méthodes de diagnostic actuellement utilisées, ainsi que leurs avantages et inconvénients. Dans un deuxième 

temps, un modèle de machine asynchrone à cage d'écureuil à multi-enroulements en boucle fermée a été présenté 

pour simuler la rupture de barres. Nous avons utilisé une technique analytique pour illustrer le développement du 

modèle en utilisant le critère de Park. Nous avons également utilisons l'onduleur avec deux niveaux de tension dans 

MAS. 

Dans le troisième chapitre, nous présentons les résultats de simulation du modèle réduit de machine à la fois intact 

et défectueux (avec et sans inverseur), en effectuant une analyse spectrale de la signature du courant statorique d'un 

moteur asynchrone à cage dans différentes conditions de défaut du rotor. Dans la première en utilisant la méthode 

de transformée de Fourier rapide FFT, la seconde en utilisant les techniques d'analyse par ondelettes WT dans les 

deux sens, transformée continue et transformée discrète, pour déterminer les problèmes de cassure des barres 

prédisant une détérioration de son état. 

En fin, dans le dernier chapitre nous avons présenté un modèle de simulation utilisant l'approche éléments finis 

dans le logiciel Flux 2D® afin d'évaluer le comportement de la machine en absence et en présence de défauts. 

Confirmant la validité des résultats de simulation du chapitre précédent, de sorte que ce travail et les résultats 

auxquels nous sommes parvenus constituent une référence scientifique à utiliser dans le diagnostic des défauts des 

machines asynchrones à cage d'écureuil. 

Mots clés : Moteurs à induction, BRB, WT, transformation en ondelettes continue FFT, transformation en 

ondelettes discrète, MEF. 


