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Abstract— Induction motors are the back bone of today’s 

industries. In addition to that squirrel cage induction motors 

are most used induction motors in today’s world. The most 

common faults occurs in induction motors are mechanical 

faults in which Eccentric fault represents considerable part. 

This paper consists of modelling of three phase cage 

induction motor under the impetration of eccentric fault. A 

review of Winding Function Approach and Finite Element 

Method based modelling approach is done to obtain current 

signature of the motor. The comparison of most common 

methods is done which used for the modelling of eccentric 

fault.  
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I. INTRODUCTION 

Induction motors are rotating electrical machines used in 

most industrial applications for the conversion of power from 

electrical to mechanical form. Thus, these are looked upon as 

the workhorse of Production. The general applications for 

these motors include pumps, conveyors, machine tools, 

presses and packaging equipment. Some of these uses are in 

perilous locations, operating under harsh environments. The 

significant points of interest in these Motor are that they are 

very dependable, require low upkeep, and have moderately 

high productivity. Besides, the wide scope of intensity 

evaluations, which is from several watts to megawatts, fulfils 

the generation needs of most mechanical procedures. Now a 

days the induction motors used in industries operate using 

inverter drives. In this case, the motor is not directly 

connected to the power grid but inverter-fed. The inverter 

provides variable voltage and frequency in order to vary the 

speed. 

However, induction motors are subjected to many 

types of faults in industrial applications. A motor fault that is 

not detected at an early stage may become cataclysmic and 

the induction motor may endure disrupt detriment. Thus, 

concealed motor faults may grounds motor failure, which in 

turn may cause production shutdowns. Such Cessation of 

work are costly, in terms of production time, maintenance 

cost. Common faults occurring in electrical motor drive 

systems can be classified as follows:  

 Electrical faults:  short circuit of stator winding, broken 

end-ring , broken rotor bar, and inverter faults.  

 Mechanical faults: Rotor eccentric fault, shaft alignment 

problem, faults in bearing, load faults: gearbox fault or 

general failure in the load parts of the drive, unbalance. 

The Table 1.1 revealed Percentage incidence of these 

faults in induction motor. This table shows the 

assessments were accomplished on 1141 motors by 

IEEE-IAS [1] and the Electric Powers Research Institute 

(EPRI) have done assessments on 6312 motors [2]. 

According to these surveys, most common fault or the 

major portion of fault in induction motor was caused by 

bearing & winding fault. 

Faults 
Percentages of failures (%) 

IEEE-IAS EPRI 

Bearing related 44 41 

Windings related 26 36 

Rotor related 8 9 

Others(mainly eccentricity) 22 14 

Table 1-1: Percentage failure by component. 

Numerous alternatives have been used in industry to 

inhibit ruthless wound to induction motors. Programmed 

continuance is implemented to authenticate the 

straightforwardness of the motor, lubrication inconvenience, 

bearing state of affairs, stator winding and rotor cage 

reliability. However, most maintenance is performed with the 

motor the de-energised, which implies production shutdown. 

Redundancy is one scheme to put a stop to manufacture 

shutdowns, but not induction motor collapse. Employing 

redundancy requires number of pairs of apparatus together 

with the induction motors, the foremost set operates except 

there is malfunction where the backup set takes over. This 

solution is not feasible in many industrial applications due to 

physical space and high cost limitations. 

Air-gap oddity is acknowledged as a state of affairs 

that take place when there is a no homogeneous void among 

the rotor and stator in the air-gap. When there is an peculiarity 

in the air-gap, shifting inductances make happen crooked 

magnetic flux within the air-gap that generates imperfect 

harmonics in the line current, which can be acknowledged in 

the spectrum. There are three varieties of eccentricity faults 

revealed in Figures: 

1) Static eccentricity: when stator bore axis and rotor axis 

are not coincided and but rotor still rotate around its own 

axis is generally know as static eccentricity as shown in 

fig. 

2) Dynamic eccentricity: in this eccentricity both stator and 

rotor axis are not coincided but the rotation motor is 

around the stator bore axis  

3) Mixed eccentricity: When static and dynamic both 

eccentricity are present simultaneously known as Mixed 

eccentricity. Here the rotation axis is neither stator nor 

rotor.  

 
Fig. 1: Types of eccentricity [3] 
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Circumstance Monitoring and defect recognition 

improves the consistency and ease of use of the active 

arrangement. In view of the fact that a range of faults 

disintegrate moderately, there is a prospective for fault 

exposure at near the beginning stage. This avoids sudden and 

total failures which have serious consequences. In the 

perspective of situation monitoring it is essential to 

discriminate fault uncovering from fault diagnosis. Fault 

detection is the decision if the fault is present or not, while 

fault determination gives more data about the root cause of 

the failure or localisation of the failure. This data can be 

utilized to limit vacation and to plan satisfactory upkeep 

activity. The various diagnosis techniques adopted in industry 

have been performed mainly through the following strategies 

[4].  

A. Signal-based fault diagnosis  

1) Mechanical vibration analysis. 

2) Temperature measurement.  

3) Acoustic noise analysis. 

4) Electromagnetic field monitoring through inserted coil. 

5) Instantaneous output power variation analysis. 

6) Motor current signature analysis (MCSA).  

B. Model-based fault diagnosis.  

1) Neural network. 

2) Fuzzy logic analysis.  

3) Genetic algorithm. 

4) Artificial intelligence. 

5) Finite-element (FE) magnetic circuit equivalents.  

6) Linear-circuit-theory-based mathematical models. 

C. Fault analysis -based on Machine-theory. 

1) Magnetic equivalent circuit (MEC). 

2) Winding function approach (WFA). 

3) Modified winding function approach (MWFA). 

D. Fault analysis based on simulations:  

1) Finite-element analysis (FEA).  

2) Time-step coupled finite element state space analysis 

(TSCFE-SS). 

Here in this paper the most two popular methods review is 

done two find out which one can be most preferable for fault 

identification. The methods under review are WFA and FEM. 

The method or approach used for identification of fault is 

Motor current signature analysis (MCSA). 

II. WINDING FUNCTION APPROACH 

Electric machine is an electromagnetic device, one of the best 

way to analyze it is to obtain the electromagnetic field 

distribution of the machine. This requires solution of 

Laplace’s or Poisson’s equation, which quit difficult and time 

consuming even for simple machine construction. Where 

fault diagnosis requires analysis of harmonics in machine line 

current, flux, torque, and speed. Analysis of machines with 

field solvers to identify fault signatures would be 

tremendously time consuming. 

Describing electric machines as group coupled 

magnetic circuits presents another way of acquire their 

operating characteristics. The circuit elements are usually 

resistances and inductances. Machine inductances are 

difficult to calculate because it depends on the rotor position. 

The winding and modified winding function approach 

(WFA/MWFA) provides the necessary tool to compute these 

inductances. The approach uses the geometrical data of 

induction motor and air gap oddity. Winding structure detect 

the MMF inside machine which is used for the calculation of 

flux linkage and inductances. Following assumptions are 

made for analysis of machine: 

1) Saturation is insignificant. 

2) Eddy current, friction, and windage losses are small so 

can be neglected. 

3) The magnetic material has infinite permeance. 

4) Slot effects are negligible. 

Winding Function approach accounts for all the 

space harmonics in the machine. The differential equation 

shown in [5] used for simulation of m phase induction motor 

with n rotor bar were model is based on coupled circuit model 

[6] in that paper they have only consider the static 

eccentricity.  

After 1995 the WFA get more attention form 

researchers different eccentric faults condition were 

simulated. Dynamic eccentricity is simulated by [7]. And 

after for the improvement of basic WFA or MWFA some the 

assumption like that effect of saturation [8-10], skewing[11], 

slots[12-14] are consider in literature at later point of time. At 

most the time axial non-uniformity of machine is not 

considered in modelling and simulation which is often far 

form the real situation. Only few researcher has consider 

inclined SE.[15-18]  and M.Ojagi has presented a resent paper 

[19] in which he has consider that modified 2-D winding 

ruction theory. Presented with simulate axially non-uniform 

ME and axially uniform ME with experimental inspection.  

A. Multi Coupled Circuit Modeling of Cage Induction Motor 

In this approach all rotor bar are considered as individual loop 

for the calculation of inductances as shown in fig. 

 
Fig. 2: Equivalent circuit of squirrel cage rotor showing 

rotor loop currents and circulating end ring current.[6] 

Induction motor having a m stator circuit and n rotor 

bar is under consideration. The cage is seen as n identical 

equally spaced rotor loop. The equation required for the 

system modelling are shown bellow : 
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Where [V] is stator voltage matrix ,[I] current matrix 

,[R] is matrix of resistance and [L] is inductances matrix [Ψ] 

is the flux linkage matrix. Subscript s and r represents stator 

and rotor parameters respectively. The electromagnetic 

torque and mechanical equation are expressed as following: 
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where Te is electromagnetic torque of machine, Wco 

is magnetic coenergy, θ is the mechanical angle, TL is the load 

torque, J is the inertia of the rotor and ω is the mechanical 

speed. In a linear magnetic system the coenergy is defined to 

be 

Wco = 1/2  (  [ Is
T ] [Lss] [ Is ] +  [ Is

T ] [ Lsr ] [ Ir ] + [ Ir
T ] [ Lrs] 

[ Is ] + [ Ir
T ] [ Lrr] [ Ir ]  )           (11) 

In the case of eccentricity it is easy to show that due 

to the [ Lrr] independence of the matrix of space coordinate, 

the expression for electromagnetic torque is: 
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B. Calculation of Inductances and Modelling of 

eccentricity: 

There are three longitudinal axes in induction machines: (1) 

rotor symmetry axis (Ar), (2) stator symmetry axis (As) and 

(3) rotor rotation axis (Aw). In an ideal case, these three axes 

coincide and consequently the air gap length is identical and 

uniform around the stator inner circumference ( g0). Rotation 

of the rotor does not disturb the uniformity of the air gap as 

long as slotting is ignored. In practice, these axes may not be 

coinciding. Wrong rotor positioning or wrong bearing 

positioning during assembly, bearing wear, misalignment of 

load and rotor axes, mechanical resonance in critical speed 

and asymmetry of the mechanical load are some reasons for 

the eccentricity. Displacement of As and Ar disturbs the 

uniformity of the air gap in the stator inner circumference and 

an eccentricity fault occurs. The air gap length variation 

under an eccentricity fault can be described by an air gap 

function as follows 

   0, , [1 cosm mg g               (13) 

 
Fig. 3: General eccentricity in a cage induction machine and 

its parameters [20] 

When an eccentricity fault occurs, the position of the 

Aw axis determines the type of eccentricity. If Aw matches 

with Ar or As, static or dynamic eccentricity occurs, 

respectively. In a general case, Aw may match neither with 

Ar nor with As. In such a case, mixed eccentricity occurs. In 

static eccentricity, ρ and Φm are constant. In dynamic 

eccentricity, ρ is constant but Φm rotates; its speed is the same 

as that of the angular velocity of the rotor. In mixed 

eccentricity, both  ρ and Φm are rotor position dependent as 

follows  

𝜌 = √𝜌𝑠
2 + 𝜌𝑑

2 + 2𝜌𝑠𝜌𝑠cos(𝜃 − 𝛷𝑠)      (14) 

𝜑𝑚 = 𝜑𝑠 + 𝑡𝑎𝑛−1 (
𝜌𝑠sin(𝜃−𝜑𝑠)

𝜌𝑠+𝜌𝑑𝑐𝑜𝑠(𝜃−𝜑𝑠)
)          (15) 

In general maximum limit of ρ is 0 to 1 but due to 

Unbalanced magnetic pull phenomena it is restricted to 0.75. 

Inductances expressed in above equation can be 

calculated by using winding function theory. The general 

expression of mutual inductance between two electrical 

circuit i and j can be expressed as  

         
2

1

0

0

, , , ,ij e i jL l r g N N d          


      (17) 

Where   is angular position of rotor with respect to 

some stator reference, Φ is a particular angular position along 

the stator inner surface, l is the length of the stack, r( ,Φ) is 

the average radius of air-gap, g-1 ( ,Φ) is termed the inverse 

gap function and the iron is assumed to be infinitely 

permeable. The terms Ni ( ,Φ) and Nj ( ,Φ)  are the 

winding functions of the windings and respectively. Winding 

function is basically expressed as Fourier series coefficient 

with turn function and stator slot as shown in below figures. 

 
Fig. 4: Turn Function Of stator winding.[21] 
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III. FINITE ELEMENT METHOD 

The basis of any reliable fault diagnosis method of electrical 

machines is precise performance analysis of them at different 

conditions. Modelling of faulty machines is the first step of 

this procedure and has considerable effects on the accuracy 

of results[22]. The features that are utilized for fault detection 

are extracted from processing of signals that are simulated at 

this stage. The modelling approaches that ignore effective 

characteristics of the machines cannot be used for modelling 

faulty machines. The two-dimensional (2-D) and three 

dimensional (3-D) finite element method (FEM) as powerful 

simulators have been utilized to model faulty machines in 

different cases. In these methods, spatial distribution of the 

stator windings, non-uniformity of the air-gap due to stator 

and rotor slots, nonlinearity characteristics of the stator and 

rotor core materials, skin effects, skewing of the rotor bars, 

end effects of the stator windings and eddy currents are taken 

into account[23]. Although all the aforementioned 

characteristics are taken into account in the 3-D FEM, some 

of these characteristics, such as skewing of the rotor bars and 

end effects of the stator windings, are not considered in the 2-

D FEM. Moreover, the calculated torque using 2-D FEM is 

torque per length, which should be multiplied by the motor 

stack. In these modelling approaches, the field distribution 

within the machines is determined.  

Then, other parameters and variables of the 

machines such as inductances, currents, the electromotive 

force (EMF), developed torque, and speed of the machines 

are calculated. It is noticeable that symmetrical 

characteristics of the machines may be used to model a 

quarter or a half of the healthy machines instead of modelling 

the complete machine. However, this simplification cannot be 

used in the case of faulty machines. 

Based on the supply to the machine, FEMs are 

classified into current-fed and voltage-fed approaches. In the 

current-fed approach, an equivalent current density is applied 

to the coils and then vector potential and flux density are 

calculated in any area of the machine. It is obvious that this 

method cannot be employed to compute the stator currents as 

the most popular signals for processing and feature extraction 

because on this technique, the stator currents have been 

supposed to be known values by their equivalent current 

densities. The time-stepping finite element coupled state 

space (TSFEM-SS) has been proposed to solve this problem. 

In this technique, the inductances of the machines are 

calculated using the current-fed FEM. Then, the resultant 

inductances are used in the state space equations to determine 

the other variables and parameters. In most cases, the voltage-

fed time-stepping finite element method (TSFEM) has been 

utilized to calculate machine signals. In this technique, the FE 

area is coupled to the electrical circuits and mechanical loads. 

Modelling of faulty induction motors (IMs) using TSFEM 

has four essential parts. They are geometrical modelling, 

winding modeling, mechanical coupling, and fault modelling. 

A. Geometrical Modeling of Faulty Induction Motors Using 

Time-Stepping Finite Element Method (TSFEM) 

In order to model the geometry of an IM, all parts of the 

motor, which include the shaft, stator and rotor slots, stator 

and rotor laminations, are modelled. Then, the physical 

characteristics of any part of the motor are applied based on 

the practical materials used. For instance, in IMs, stator slots 

are filled by copper, which has evident permeability and 

conductivity. The rotor slots, which are filled by aluminium 

with known permeability and conductivity, are short 

circuited. The B-H curve of the materials used in the stator 

and rotor cores is taken into account. Figure 3.3 depicts the 2-

D stator and rotor laminations of the IM. The 3-D 

configuration of the same motor has been demonstrated in 

Figure 3.4. 

 
Fig. 5: Cross-section of (left) stator, (middle) rotor, and 

(right) whole motor.[4] 

According to Figure 4 and Figure 5, there are some 

differences between 2-D and 3-D TSFEMs. It is seen that end 

effects of the stator windings have been taken into account in 

3-D modelling. This characteristic can be modelled in the 2-

D FEM using constant inductance in the electrical circuits, 

which are coupled to the finite element (FE) area. 

 
Fig. 6: The 3-D configuration of the motor [4] 

B. Coupling of Electrical Circuits and Finite Element Area: 

This stage of modelling procedure has considerable impact 

on the simulation results accuracy. The sinusoidal or non-

sinusoidal supply types are determined here. In this stage, the 

motor is fed by the three-phase sinusoidal supply, unbalanced 

sinusoidal supply, or inverters. Figure 3.3 illustrates the 

coupling between electrical circuits and FE area in different 

supply conditions. 

 
Fig. 7: Coupling electrical circuits to the finite element 

area.[4] 

According to Figure 3.3, the end effects of the stator 

windings have been modeled using external inductances, 

which are calculated analytically and added to the electrical 
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circuits. The transient equations of the external circuit that 

exhibits the electric supplies and circuit elements are 

combined to the field equations in FEM. Also, the motion 

equations due to mechanical coupling are combined to the 

mentioned previous electromagnetic equations. Solution of 

these equations yields the magnetic flux density distribution, 

the stator phase current, the EMF, the developed torque, and 

speed of the motor. Two-dimensional magnetic field 

propagation is given as follows: 

0

1 1
e v

A A
J J J

x x y y 

     
     

      

        (3.1) 

where A is the z-component of the magnetic vector 

potential, and μ is the magnetic permeability. J0 is the current 

density related to the applied voltage, Je is the current density 

related to the time variations of the magnetic flux, and Jv is 

the current density related to the motional voltage. Therefore, 

Equation (3.1) is rewritten as follows: 

1 1 sVA A A
v A

x x y y l t
  

 

      
       

       
        (3.2) 

where σ is the electrical conductivity, ℓ is the motor 

stack along z-axis, Vs is the applied voltage, and v is the speed 

of the conductor against magnetic flux density. By applying 

a reference frame that is assumed fixed in respect to the 

proposed element, v is equal to zero, and the propagation 

equation is simplified as follows: 

1 1 sVA A A

x x y y l t
 

 

      
     

       
  (3.3) 

The circuit equation of the magnetic coil is given as follows: 

   
 

( )
s

s s s ee

di t
V t R i t L emf t

dt
         (3.4) 

where Rs is the stator resistance, is is the stator phase 

current, Lee is the external inductance added to the electrical 

circuits due to end effects of the stator windings, and emf is 

the applied voltage to the FE area. By coupling Equation (3.3) 

and Equation (3.4), the TSFEM is used to obtain the magnetic 

vector potential, stator currents, and the EMF. The nonlinear 

equation that can relate the FE equations expressing the 

electromagnetic fields of the machine with the circuit 

equations is as follow: 

      
T

T s
s

iA emf
C A emf i D P

t t t

  
     

      (3.5) 

where [C] and [D] are the coefficients matrices, [P] 

is the vector related to the input voltage, and the solution of 

Equation (3.5) gives [A] and [is] as essential signals for 

analyzing and processing. 

C. Modelling of Eccentric Fault 

Eccentricity fault is due to bearings fatigue, manufacturing 

and assembling processes, and other mechanical reasons. In 

this fault, conformity of the stator axis, rotor axis, and rotor 

rotating axis are disturbed. 

1) Static Eccentricity 

In the case of static eccentricity, the rotational axis of the rotor 

is identical to its symmetrical axis but has been displayed 

with respect to the stator symmetrical axis. Although the air-

gap distribution around the rotor is not uniform, it is time 

independent. The static eccentricity degree (δse) is defined as 

follows: 

0

s w

se

O O

g
                 (3.6)                     

where OS is the stator symmetry center, Ow is the 

rotor rotation center, and g0 is the uniform air-gap length. 

Figure 3.4  illustrates the position of stator and rotor cross-

sections in the static eccentricity, where αs is the initial angle 

of static eccentricity and vector OsOw is the static transfer 

vector. This vector is fixed for all angular positions of the 

rotor. The reasons for increasing the eccentricity are bad 

position of the stator core due to the mounting of the motor. 

And non-orientation of the stator and rotor centres during the 

primary maintenance. 

 
Fig. 8: Geometric configurations of the modeled motor 

under static eccentricity.[4] 

2) Dynamic Eccentricity: 

For dynamic eccentricity, the minimum air-gap length 

depends on the rotor angular position, and it rotates around 

the rotor. This may be due to misalignment or curvature of 

the rotor axis. Albeit, the static eccentricity generates 

asymmetrical magnetic pull, which results in the dynamic 

eccentricity. In this eccentricity, the symmetry axis of the 

stator and rotation axis of the rotor is identical, but the rotor 

symmetry axis has been displaced. In such a case, the air gap 

around the rotor is non-uniform and time varying. The 

dynamic eccentricity degree (δde) is defined as follows 

0

s w

de

O O

g
 

                                   

 
Fig. 9: Geometric configurations of the modelled motor 

under dynamic eccentricity.[4] 

where Or is the rotor symmetrical axis and vector 

OwOr is the dynamic trans-fer vector. This vector is fixed for 

all angular positions of the rotor, but its angle varies. 



Comprehensive Analysis of Rotor Eccentric Fault in Squirrel Cage Induction Motor – A Review 

 (IJSRD/Vol. 7/Issue 03/2019/417) 

 

 All rights reserved by www.ijsrd.com 1664 

IV. IDENTIFICATION OF ECCENTRIC FAULT BASED ON MCSA  

Motor Current Signature Analysis (MCSA) is a condition 

monitoring technique used to diagnose problems in induction 

motors, [24-26]. Concept originates from early 1970s and 

was first proposed for use in nuclear power plants for 

inaccessible motors and motors placed in hazardous areas, 

[27]. It is rapidly gaining acceptance in industry today. Tests 

are performed online without interrupting production with 

motor running under the load at normal operating conditions, 

[25,27]. MCSA can be used as predictive maintenance tool 

for detecting common motor faults at early stage and as such 

prevent expensive catastrophic failures, production outages 

and extend motor lifetime. It can be used as a diagnostic tool 

and powerful addition to vibration and thermal monitoring 

(verifying a fault with more than one technology), [28-30]. 

MCSA is method from wider field of Electrical Signature 

Analysis (ESA), [31], useful for analyzing not only electrical 

induction motors, but also generators, power transformers as 

well as other electric equipment. Most popular of these 

techniques are: Current Signature Analysis (CSA), Voltage  

SignatureA nalysis (VSA), Extended Park’s Vector  

Approach (EPVA) and Instantaneous Power  Signature 

Analysis (IPSA), [32]. 

Motor Current Signature Analysis is the technique 

used to analyze and monitor the trend of dynamic energized 

systems, [28].   

 
Fig. 10: Stator current monitoring system[ 24] 

MCSA is monitoring stator current or we can say 

supply current of the motor, [26]. Typical stator current 

monitoring system is illustrated in Figure 1. Single stator 

current monitoring system is commonly used (monitoring 

only one of the three phases of the motor supply current). 

Current spectrum of a typical induction motor is illustrated in 

Figure 2. Various electrical and mechanical fault conditions 

present in the motor further modulate motor current signal 

and contributes to additional sideband harmonics. Faults in 

motor components produce corresponding anomalies in 

magnetic field and change the mutual and self-inductance of 

motor that appear in motor supply current spectrum as 

sidebands around line (supply, grid) frequency, [33]. Based 

on fault signatures motor faults can be identified and its 

severity accessed. Frequency range of interest in MCSA is 

typically 0-5 kHz, [28]. This, according to a Nyquist theorem, 

requires sample rate of at least 10000 samples per second. 

During the test motor should be run at loading greater then 

70%. It should be noted that fault signals detected in motor 

supply current may also be influenced by operation of 

neighbouring motors and system’s environmental noise. 

 
Fig. 11: Current spectrum of induction motor, [34] 

Specific Fault Frequency for Eccentricity. 

Machine eccentricity is the condition of unequal air 

gap that exists between the stator and rotor (Heller and 

Hamata [51], Cameron et al. [52]). When eccentricity 

becomes large, the resulting unbalanced radial forces (also 

known as unbalanced magnetic pull or UMP) can cause stator 

to rotor rub, and this can result in damage of the stator and 

rotor. There are two types of air-gap eccentricity: the static 

air-gap eccentricity and the dynamic air gap eccentricity. This 

misalignment may because due to several factors such as a 

bent rotor shaft, bearing wear or misalignment, mechanical 

resonance at critical speed, etc. Dynamic eccentricity in a new 

machine is controlled by the total indicated reading (TIR) or 

“run-out” of the rotor (Barbour and Thomson [53]). An air-

gap eccentricity of up to 10% is permissible. However, 

manufacturers normally keep the total eccentricity level even 

lower to minimize UMP and to reduce vibration and noise. In 

reality, both static and dynamic eccentricities tend to co-exist. 

An inherent level of static eccentricity exists even in newly 

manufactured machines due to manufacturing and assembly 

method, as has been reported by Dorrell et al. [38] 

The presence of static and dynamic eccentricity can 

be detected using MCSA [1], [37]. The equation describing 

the frequency components of interest is  

𝑓𝑒 = 𝑓 [(𝑘𝑅 ± 𝑛𝑑) (
1−𝑠

𝑃
) ± 𝑣]               (16) 

where nd=0  in case of  static eccentricity, and ,nd=1  

in case of dynamic eccentricity ( is known as eccentricity 

order), f is the fundamental supply frequency, R is the number 

of rotor slots, s is the slip, P is the number of pole pairs, k is 

any integer, and v is the order of the stator time harmonics 

that are present in the power supply driving the motor. In case 

one of these harmonics is a multiple of three, it may not exist 

theoretically in the line current of a balanced three-phase 

machine. However, it has been shown by Nandi et al. [39] and 

Ferrah et al. [40] that only a particular combination of 

machine pole pairs and rotor slot number will give rise to 

significant only static or only dynamic eccentricity-related 

components. This relationship for a 3-ph integral slot 60 

phase belt machine is given by  

𝑅 = 2𝑝[3(𝑚 ± 𝑞) ± 𝑟] ± 𝑘               (17) 

Where m±q = 0,1,2,3… r = 0 or 1, k= 1 or 2. 

Simulated results with a four-pole, skewed, 43-rotor slot 

machine, which conforms to (16) with are given in Fig. 12 
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Fig. 12 : Simulated normalized plots of the line current 

spectra of a 3-ph 3-hp 60-Hz induction motor with 38.46% 

static (top) and 20% dynamic eccentricity (bottom) with 2p 

= 4; R = 43. Slip =0.029 [42] 

However, if both static and dynamic eccentricities 

exist together, low-frequency components near the 

fundamental [38], [41] given by 

𝑓1 = |𝑓 ± 𝑘𝑓𝑟|           k=0,1,2...                       ( 18) 

This is shown by Figure 10. 

 
Fig. 13: Simulated, normalized line current spectra of3-ph 3-

hp60-Hzskewed four-pole induction motors with different 

rotor slots and identical mixed eccentricity (SE = 38:46%; 

DE = 20%) machine around fundamental. From top to 

bottom R = 44,43,42 slip=0.029. [42] 

V. CONCLUSION 

This Paper presents a Modelling of Squirrel cage induction 

motor under eccentric fault using finite element method and 

Winding function approach. The fault detection is an 

important part for condition monitoring of any machinery. 

Where the eccentric faults are insipient faults which are 

difficult to detect so for that purpose FEM tool can be used to 

model the fault. For the detection of this fault a review on 

Motor current signature analysis is done. In which the current 

spectrums of stator current is analyzed   for the particular fault 

frequency component. The magnitude of this faulty 

frequency is observed from which fault is detected 

successfully. Compression of FEM directly with MWFA 

.The results are observed from several paper and found to be 

very close even though MWFA based model does not include 

saturation and slotting effects. Also MWFA is found to be 

less computationally intensive as compared to the FE model. 

Considering the computational time MWFA based model is 

definitely more preferable only for the fault identification 

purpose for actual physical design and analysis FEM is used 

by professionals.  
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