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Abstract: In past, several analytical models has been developed
to establish the occurrence of various induction motor faults.
Some of the primarily occurring faults in induction motor being;
bearing and stator winding faults and to a smaller extent the other
types such as rotor and eccentricity. Though there has been a lot
of research work done in detection and diagnosis, still the
recognition of eccentricity fault in induction motors, specifically
deciding the precise degree of eccentricity is a challenging task for
the researchers. In this paper, a novel model-based approach has
been developed for the detection of exact type and degree of
eccentricity fault present in the motor. Simulation of induction
motor for both healthy and eccentricity fault has been carried out
using the Modified Winding Function (MWF) approach. A
procedure has been developed for estimating the eccentricity fault
from simulation model. Also, a metaheuristic nature inspired
algorithm, viz. Firefly Algorithm (FA) has been used for the
optimization of results obtained from simulation model. The
results obtained from experimental investigations are close to that
obtained from simulations, confirming the applicability of used
model and simulation approach to find the exact degree of
eccentricity defect.

Index Terms: Eccentricity fault, Fault diagnosis, Firefly
algorithm, Induction motor, Modified winding function theory

I. INTRODUCTION

Induction motors are the most industrious machines, used
very frequently in various types of industries such as
aerospace, power generation and military applications
equipment which requires high degree of accuracy and
preciseness [1]. These motors may fail earlier than their
expected service life due to improper usage, mechanical wear
due to ageing or harsh environmental conditions. Earlier,
primitive methods such as overload relay-based fault
protection, over-voltage and over-current protection were the
only schemes used for safeguarding the motors. However, in
modern times the industrial usage of induction motors require
sophisticated control of processes and applications in which
high degree of reliability is required. Occurrence of a fault can
result in reduced production, loss of capital or even complete
shut-down of the whole process [2]. To ensure their continued
and reliable operation, various condition monitoring and fault
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diagnosis schemes have been developed in the past few
decades. However, the traditional methods are not much
efficient and may fail to judge the extent of fault and or even
the fault may get unnoticed. There is an utmost requirement of
automated fault detection and diagnosis system, requiring
least human intervention to avoid any decision errors.
Therefore, in the present scenario, human intervention in
making decisions for detection of faults is substituted by
Artificial Intelligence (Al) based methods for better
reliability.

In this paper, the diagnosis of different types of air-gap
eccentricity faults using a novel model-based technique is
carried out. Multiple Coupled Circuit Model (MCCM), that
uses modified winding function theory is used for modelling
and simulation of three-phase squirrel cage induction motor.
Along with this model of induction motor, data for stator line
current, line voltage and speed of rotor is also taken and saved
using real induction motor. The same stator line voltage of
real induction motor is also applied to simulated model with
same loading conditions and a comparison is made for the
output signal of real and simulated induction motor. Firefly
algorithm is applied for estimating the degree of static and
dynamic eccentricity. A half-hp, three-phase squirrel cage
induction motor is taken, and experiments are performed on
the motor under healthy and eccentric conditions. The
advantage of this model-based technique on the signal-based
techniques is the detection of exact degree of eccentricity
fault which was not possible earlier.

Il. ECCENTRICITY FAULT DETECTION

Faults existing in an induction motor can be broadly
categorised as mechanical and electrical faults. Mechanical
faults covers the 60% of total faults. And out of these 60
percent faults, 80 percent of mechanical faults leads to air-gap
eccentricity in induction motor [3][4]. In an induction motor,
eccentricity can exist as static, dynamic or mixed eccentricity.
Motor in ideal condition have all the three axes (rotor
symmetric axis O, stator symmetric axis Os, and the axis of
rotor rotation O,,) overlapped on each other. But when
eccentricity exists, there is a dislodgment of these axes from
each other. In static eccentricity O, separates from O, and O,
resulting in a non-uniform air-gap length while maintaining
minimum and maximum air gap length fixed. The axis of
rotation for the rotor is its own axes O,.
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However, in case of dynamic eccentricity, O, separates
from O and O, resulting in a non-uniform air-gap length. So,
in this situation, the value of maximum and minimum air-gap
length is not fixed but dynamically moving. For dynamic
eccentricity, the axis of rotation for rotor is stator axis Os.
However, in mixed eccentricity the rotor rotation axis is
neither O, nor O but separated from both the axes. Different
type of eccentricities are shown in Fig. 1.

(G (G (D)
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(a) ) (c)

Fig. 1 Eccentric motors (a) Static, (b) Dynamic and (c)
Mixed

Some of the factors which causes eccentricity are: rubbing
of ball-bearings due to wrong placement, stator’s oval shaped
inner cross section, improper placement of rotor w.r.t stator at
the time of commissioning, improper placement of load axes
w.r.t rotor shaft etc [5][6][7]. Improper positioning of the
rotor or stator during the commissioning may result in static
eccentricity. It may also be caused by non-circular shape of
stator core. On the other hand, dynamic eccentricity may be
caused by reasons such as bent shaft, wear and movement of
bearings, or mechanical resonances at critical speeds. An
Unbalanced Magnetic Pull (UMP) within the air-gap rises and
further the degree of eccentricity is intensified owing to
eccentricity fault in induction motor. The huge burden on the
machine causes damage to ball-bearings. Situation get more
critical when rubbing of rotor and stator occurs, causing harm
to the stator core and winding as well as rotor frame. Due to
eccentricity, vibrations in the speed and torque signals
increases, torque on an average decrease, winding of the
motor gets heated and efficiency decreases [8].

The past trend for fault diagnostic techniques was to use
signal-based techniques due to its less complexity and
easiness of implementation. However, the probability of false
alarm was very high [9]. Nowadays the model-based
techniques are being used, which when compared with
signal-based techniques shows a decline in probability of
false alarm rate. These methods reduces the adverse effects
caused by the false alarms with reducing the false alarm
probability to only 10% and increasing the fault detection
probability to over 90%. It is easy and economical to extract
an index from electrical quantities because no extra sensors
are required for the measurements.

A. Signal Processing-Based Fault Detection

Submit your manuscript electronically for review.
Various researchers have studied the effects of eccentricity
fault on stator current using signal-based approaches. It has
been established, that the existence of mixed eccentricity
faults produces the components of frequency of stator current
given as [2]:

facca:zh'icir}' = |fsz' i kf;:l 1)

where fs is supply’s fundamental component, f, denotes
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rotor rotation frequency in revolutions/ second and k is an
integer number. Existence of these fault components is
independent of both the pole number and rotor slot number of
the induction motor. However, it is worth to note that in
presence of mechanical problems such as torque fluctuation,
these characteristic frequencies may be supressed.

In [2], authors have proposed a number of fault indices
which can be used to detect the eccentricity in induction
machines. Also, it was proposed that due to inherent
eccentricity in motors, the expression in (1) cannot be directly
used as a fault indicator. In [10], a superimposed ac field on
dc field of motor at standstill condition along with an inverter
was used for excitation. The changes in arrangement of
differential inductance with respect to dc field was observed
and used as an eccentricity fault index. In [11], the authors
explained the drawbacks of low and high frequency spectra.
They revealed that the method fails not only to detect the type
of eccentricity but also sometimes is unable to detect
eccentricity at all. Instead, they established a new index based
on nameplate ratings applicable to any machine. Also, for
static and dynamic eccentricity, the odd integral harmonics
and intermediate harmonics are observed respectively to
detect eccentricity fault.

In a drive fed induction motor, the effect of various
controllers is reflected in eccentricity related harmonics
which get weaker in the stator’s line current and seems to be in
line voltage signal. Therefore, authors in [12] demonstrated
some harmonics of the instantaneous power signal in which
both the effect of stator line current and voltage is reflected. In
[13], Motor Current Signature Analysis (MCSA) technique
was applied and used along with Continuous Wavelet
Transform (CWT) to extract the fault features from stator
current. It was proposed that faulty bearings affect the
resultant torque of induction motor and was used as a fault
index. Detection of eccentricity fault face challenges due to
presence of faulty components near fundamental and the
dynamic nature of fundamental components due to transients.
Thus, the variations in the inductance of stator was used in
[14] to detect the eccentricity in the motor.

In [15], a comparison is made between all the popular
time-frequency techniques in transient regime for the
detection of faults in inverter-fed induction motor. It was
established that the Short Time Fourier Transform (STFT)
can successfully detect the mixed eccentricity fault
components whereas CWT fails to detect the same due to a
variable trade-off with the analysed frequency. On the other
hand, using Discrete Wavelet Transform (DWT) decomposes
the signal into sub-signals but it also fails to detect the fault
related components due to masking by the fundamental
components in sub-signals. Similarly, Winger Ville
Distribution (WVD) can detect mixed eccentricity fault
components only to moderate extent but the Hilbert-Huang
Transform (HHT) fails in it. Finally, an Adaptive Slope
Transform (AST) was used and showed the best results in
finding the fault components for mixed eccentricity.
Sometimes an index shows changes due to simultaneous
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occurrence of two or more faults.

In [16][17][18] it has been shown that the signal-based
techniques can be used to detect and discriminate different
types of faults simultaneously occurring in an induction
motor.

B. Model Based Fault Detection

When you submit your final version, after your paper has
been accepted, prepare it in two-column format, including
figures and tables. Despite several benefits which
signal-based techniques offers, there are some demerits
related to it too. For instance, the signal-based approach is
unable to detect the exact degree of eccentricity fault directly
and it must be estimated by examining the corresponding
indexes. Moreover, the method requires the operator to have
an apt experience of estimating the fault severity using
computed indexes. Consequently, the chances of false alarm
increases.

On the contrary, a model-based fault diagnosis approach
can detect the exact degree of eccentricity fault. Model-based
techniques came into contemplation in early 70’s and is still
being progressed. The model-based methods are based on
checking the consistency between actual measurements and
the expected behaviour of process using its analytical models,
Fig. 2. In a model-based approach, usually the fault indexes
computed from the simulation model and actual
measurements are subtracted to generate the residual values.
These residual values are nothing, but the contribution of fault
components present in the damaged motor. An induction
motor model is nothing more than an exact replica of motor
simulated under the equivalent power supply, control and
loading condition. Almost 45 years have passed since the
development of model-based techniques and still there are a
lot of improvements which should be done to improve its
reliability.

Observed
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Fig. 2 Model Based Fault Diagnosis Approach

In [19], a model for the detection of fault in induction
machine based on Digital Signal Processing (DSP) technique
is proposed. The developed model can take decisions
independent of the of motor’s operating conditions. In [20],
the authors proposed a model-based technique namely Virtual
Current Technique (VCT) for the correction of fault in direct
rotor field oriented controlled induction motor for the
diagnosis of rotor faults. A virtual magnetizing current is
generated by measuring oscillations present in the direct axis
component of rotor flux at a frequency double the slip
frequency, to detect the rotor fault components in machine.
Blodt et al. [21] detected the bearing fault by monitoring the
stator current. A model is created in which variations due to
air gap eccentricity fault are considered along with variations
in load torque. Signals for torque, vibration and stator current
are examined both for artificial fault and real fault for bearing
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and the signals will detect and diagnose the fault.

In [22], a model was prepared by short-circuiting the
inter-turns of windings using short circuiting elements to
propose parameter estimation technique for the diagnosis of
inter-turn short circuit fault in the stator of squirrel-cage
induction motor. However, the key parameters were
approximated in both online and offline mode to detect the
fault. A model is simulated in [23] for faulty induction motor
based on winding function theory, also known as MCCM to
detect mixed eccentricity fault. A new linear model was
proposed by using the current and voltage of stator from
MCCM and by proper estimation of parameters of the linear
model, mixed eccentricity fault was detected and diagnosed.
In [24], eccentricity faults of squirrel cage induction machines
was simulated dynamically using unified winding function
approach. In [25][26][27], use of firefly algorithm is made for
estimating the severity of static and dynamic eccentricity
faults.

I11. MULTIPLE COUPLED CIRCUIT MODEL

Modified Winding Function (MWF) theory is used to
calculate time-dependent self and mutual inductance for stator
and rotor where MMF related spatial harmonics are taken into
account [24][28][29]. As explained earlier, deviation of any
of the axes (Os, O,, O,) from the other two axes produce
non-uniformity in the air-gap and introduces eccentricity fault
in the induction motor. Variations in the air-gap due to
eccentricity are explained by the inverse air-gap function as

follow:
1

-1 —
g (@) gp[1-poos(g-a,)] @
[
p= Ml';r:'_?; +p;+2p,0, c08(6. — @) 9
@?J‘l - @3 +tan (P.s oy cos| 6= @5)) ?

where &5 is healthy motor’s uniform air-gap length,
Prn angle for minimum air-gap length, LTE:’szangle for static
eccentricity component,£ is degree of eccentricity, P and

Pya are the degree for component of static and dynamic
eccentricity.

@

For static eccentricity, the value of B and ¥ is fixed

@

whereas in case of dynamic eccentricity “m is dynamically

moving with rotor angular speed, keeping B as fixed. For

mixed eccentricity £ and P follow the equation (3) and (4).

Therefore, static and dynamic eccentricity are said to be a
special case of mixed eccentricity. According to MWF theory

the time-dependent inductance between circuit  and 7 is
given as:
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2T —
L;=urlf " n (@) N (0)g (¢)dg -
where T is the mean air-gap radius, Ky s permeability of
air, L js stack length, @ is the angle in stator reference, ™ (@)
is turn function for circuit. The i, N; (@) is modified winding

function for circuit /. Now considering 3-¢ induction motor
with phase a, b, ¢ and rotor consisting of m meshes, the
dynamic equations from multiple coupled circuit model are
given by [28]:

V.= [RJIL]+%s ®
[u]—[a][r]+ﬁ 0
r.—-T,=] E ®)
d &,
w, = —" ©
[i] = [Lﬁ-][fH[ L., (10)
(4] = [LJ1L] +[ L, ]IL] a
[Vs] = [usn vsb usc] (12)
[[s:l = [Is:z sb sc]r (13)
[A.] = [A, ApA T (14)
[[:" = [I:l'lI:"f I:l'm]r (15)
[ F":"% =][’:"?‘1’i"r2 e ’;"r;lrﬁ]r ] (16)
Ta 1oL,
:—[f] L1+ [fs] F[ﬂ-]"‘
1oL 3

L olied Ly du

an

where [Lss] self/ mutual inductance matrix of stator
phases, [ er] self/ mutual inductance matrix of rotor mesh,
[ Lsr] and [ L:"s] are inductance matrix for stator phase and
rotor mesh, [ Rs] and [ R:"] are the stator and rotor
resistance matrices etc. The ¥ear Vsn» Vs are the phase
voltages of stator, Iearlzp0T2c are the currents in different
phases of stator and Asqr Asps ’;"sc are the flux linkages of
different phases of stator. The 1 Lrylpg « L are the currents
in each mesh of rotor, """:'1"":"2 ”vrm are the flux linkages
in each mesh of rotor. The Te: T are electrical torque and
load torque, T is moment of inertia, ®'r is speed of rotor and

&, angle for the position of rotor.

From the above equations the inductance for eccentric
induction motor can be calculated for full range of degrees.
This will make possible the simulation for healthy as well as
for all types and degree of motor eccentricity conditions. The
inverse air-gap function is defined, and an indefinite integral
is calculated for obtaining the analytic equations for
inductance. Also, the derivatives of this inductance equations
with respect to angular position of rotor are calculated to
obtain electromagnetic torque.
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IV. METHODOLOGY

The proposed model-based fault diagnosis technique applied
for diagnosing air gap eccentricity fault, continuously keeps
an eye on the health of the motor. It continuously takes the
data from the motor and keeps a check on whether the
measured parameters are within the defined limits or not.
From the Fig. 3, it is clear that the same 3-¢ voltage supply is
given to both the simulated motor model and real induction
motor. Here, lgm, Vsim, ®sim are simulated values and |, Vi,
omn are measured values of current voltage and speed
respectively and ps, pg is degree of static and dynamic
eccentricity.

Three-phase

Voltage Supply
[

I v
Induction Motor ‘ Real Induction Motor |
Model l
l Get Output Quantities
Get Output Quantities = VR ™
I;im. sim st
|
i A d

| Use Appropriate Fitness Function

}

Search for ps. pg by Minimizing

the Fitness Function

Best Fault Stopping

C omponents:

Criterion
Satisfied?

Give Fault
Components: ps., pd

Fig. 3 Flow chart for proposed methodology

Data for voltage, speed and current was acquired from both
the simulated model and real induction motor, sampled and
saved in the memory. This data was compared using a suitable
objective function, given in expression (18). An intelligent
algorithm was applied to search for the degree of static and
dynamic eccentricity so as to minimise the objective function
value. The above-mentioned procedure can also be applied
offline by first acquiring the data from real induction motor
and then, the feeding the acquired sampled voltage data to
simulated model in order to get the signals for current and
speed. Here, a firefly algorithm is applied for the search
process using the fitness function:

Z“ ([;:i - I::gﬂ) (f;gi - [:g,’:‘) + a’(co:’: sam) 1
i=1

(18)
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where ™ is the total number of samples taken, o is the

. mo
weight factor I2z: is measured value for the stator current of

sim | A
phase a, I22i is simulated value for the stator current of
phase a.

L Mmoo
Similarly Isbi is measured value for the stator current of
m

phase b, I% is simulated value for the stator current of

m sim .
phase b and “rir “ri are the measured and simulated
values for rotor speed. Constraints applied for the search of ps
and pd are:

0<p <1

(19)
0<p, <1 0
<
0<p +p <1 on

Since, o is the limit of geometrical distance between rotor
and stator, that’s why degree of static and dynamic
eccentricity varies between 0 and 1. Although the value of
static and dynamic eccentricity varies between 0 and 1,

rubbing of stator and rotor was observed at £ = 0.75 gt the
time of experiment conduction.

V. FIREFLY ALGORITHM IMPLEMENTATION

Firefly algorithm (FA) is one of the most recent algorithms
developed for dealing with global optimization challenges
and multimodal analysis. It has two inner loops for the

population T and one outer loop for iterations t. Therefore,

the complexity of algorithm is O(n”t) since nissmall and t
is large, it is very economic to apply FA for computation as it
is linear with respect to t. Also, due to the property of
automatic sub-division, FA has an edge over other algorithms.
FA is based on the principle of movement of less shining
firefly towards more shining firefly. It has the following set of
rules:
¢ Being unisex in nature, attraction of one firefly attraction
of one firefly towards other is independent of sex.
e Since the glare decreases as the distance increases, less
glaring firefly will move towards more glaring firefly.
o If all the fireflies are equally glaring in their vicinity, then
they all moves randomly.

The movement of ith, firefly towards brighter jth firefly is
given by:

Xt =x - feTi(x] —x) ey

where the second part is due to attractiveness and is given

by:
— -t

B=pe 23)

with Zs is attraction at 7 = © and the third part is due to

randomization with & as the randomization parameter and

E.f being a vector for random numbers drawn from either
Gaussian or Uniform distribution.
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Set the Firefly parameters y, B, o

!

Generate the random position of fireflies

(5/py)

!

Initialize empty matrix for best p_/0, and

best fitness as infinity.

b

Ewvaluate the fitness for each position

<

v

Update the position and add randomization
factor according to eq.

'

Update the fitness according to new

position

Stopping
criterion
satisfied?

Display static and dynamic eccentricity

Fig. 4. A Flow Chart For The Firefly Algorithm Used For
Detection Of Components Of Eccentricity

Now the ith (i1, 12, i3....) firefly or jth (j1, j2, j3....) firefly
represents the value of static or dynamic eccentricity degree.
he fitness corresponding to each firefly can be assessed
according to the optimization problem's proposed objective
function. Each firefly's previously visited best position is
considered its individual best position pbest denoted by

5= (pil’ Bizr Pyg - j Similarly, for the whole group of
flies the previously visited best position is noted as the global
best position (ghest) and represented by G=(G1, G2, G3....).
In each iteration, the position and the randomization factor
[31] are updated according to expression (23). Write
whatever you want here. Then press the Quill It button on the
right to paraphrase it.

VI. EXPERIMENTAL WORK

A 0.5 hp squirrel-cage induction motor was used for the
detection of eccentricity fault using model-based technique.
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The nameplate ratings of motor given by the manufacturer
are given in

Table 1.

Table 1. Nameplate Data Of Induction Motor

Specification Value Specification Value
AC/DC AC Speed 1440
Power 0.5 HP Poles 4
Voltage 415V Phases 3
Frequency 50 Hz Insulation class F
Current 1.15A Power factor 0.75
Efficiency 94.7 % Degree of protection IP 55

To induce eccentricity in induction motor, the healthy
bearing with bearing number 6204 is replaced by another
bearing with bearing number 6004 and proper bushing. This
introduced static eccentricity fault in the motor. For
generating dynamic eccentricity, the healthy bearing was
replaced by 6005 bearing along with bushing. Fig. 5 shows
the different bearings used for the experiment. Table Il shows
the dimensions of different bearings used for the experiment.
In this way, different types and degree of eccentricity are
induced in the motor to perform the experiment on healthy
and eccentric motor. The data for stator line voltage, current
and rotor speed are taken and saved in the memory.

Table Il. Dimensions of different bearings used

Dimensions
Motor Bearing Inside Outside Width
Condition | Number | Diameter | Diameter
(mm)
(mm) (mm)
Healthy 6204 20 47 14
Static. 6004 20 42 12
Eccentricity
Dynamic | g505 25 47 12
Eccentricity

N

/ \

/ A

‘ / l |
6004 Bez\ring s

with outer v/
bush z

Healthy
Bearing
(6204)

Fig 5. Photograph Of Different Bearings Used For Eccentricity
Fault Detection

An NI cDAQ-9178 data acquisition board was taken for
acquiring the data. Data was acquired, sampled and saved in
the memory of the personal computer. For the measurement of
current, current transformer was used which will give the
analog data as an output. This analog data was converted into
digital form using DAQ card of type NI 9227 current input
module and given to the computer.
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For speed measurement, tacho-generator was mounted on
the shaft of the motor which converts speed signal into voltage
and give it to NI 9201 voltage input module. Similarly, for the
measurement of voltage NI 9244 voltage input module was
taken and data is given to the computer. To fetch the data from
different DAQ cards LabVIEW software was used which
saves the samples of current, voltage and speed into an excel
sheet. The data for both the healthy and eccentric motor is
acquired at a scan rate of 12800 samples per second. Simulink
model is fed with the sampled data of stator voltage with the
loading conditions on the motor remained unchanged as
shown in Fig. 6.

Fig. 6 Simulink Model Of An Induction Motor For
Eccentricity Fault Detection

VII. RESULTS AND DISCUSSION

From Simulink model of induction motor to
implementation of FA, all the calculations are done using
MATLAB coding. Curves shown in Fig. 7(a), 7(b), 7(c)
represents the measured and simulated speed for a motor with
healthy, static eccentricity and dynamic eccentricity. The
curves plotted in red color shows the measured speed whereas
the curves plotted in blue color shows simulated speed of the
motor.

2000 T T T T T

1494 rpm.

Speediipm)

L L L [ L L L L
o 100 200 300 400 500 600 T00 F{)D 900 1000

1187 rpm  +——

()

’—. 1463 rpm
T T T

=

Speed (pm)

L I L L L L L I
[} 100 200 300 400 500 800 T00 200 900 1000
" S les
1066 rpm. e

(©)

Fig. 7. Measured And Simulated Motor Speed For Motor With (A)
Healthy State, (B) Static Eccentricity And (C) Dynamic Eccentricity
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In Table 111 results are shown for degree of eccentricity and
a comparison is made for both the simulated data and
measured data with a motor in healthy condition, static
eccentricity and dynamic eccentricity.

The column of “simulation results” shows the final degree
of static and dynamic eccentricity obtained from the simulated
model of induction motor and program code in MATLAB for
different motor conditions. Similarly, the column of
“measured results” shows the degree of static eccentricity and
dynamic eccentricity induced in the real induction motor by
replacing the healthy bearings with eccentric bearings.

Table I1l. Comparison between the degree of static and dynamic eccentricity

Condition of Simulation Results Measured Results
Motor Ps o4 s o4
Healthy 0.0194 0.0016 0.00 0.00

Static Eccentricity 0.10694 0.0137 0.1132 0.00
Dynamic 0.00136 | 0.1279 0.00 01132
Eccentricity

The degree of static eccentricity and dynamic eccentricity
induced in the real induction motor by replacing the healthy
bearings with eccentric bearings is 11.32% for both the cases.
Also, the simulation results show that degree of static
eccentricity ps is 0.10694 or 10.694% and dynamic
eccentricity is pd as 0.0137 or 1.37% when bearings are
replaced to induce only static eccentricity. Similarly, the
degree of static eccentricity ps is 0.00136 or 0.136% and
dynamic eccentricity pd is 0.1279 or 12.79% when bearings
are replaced to induce only dynamic eccentricity. Small
variations in simulation and measured results may be due to
manufacturing defects, unbalanced magnetic pull when the
motor is operating or due to centrifugal forces.

VIIl. CONCLUSION

In this paper, MCCM based simulation was utilized to
realize an actual induction motor with healthy and with
different types of eccentricity fault conditions. From the
simulated model the output of current and speed were taken
and compared to the current and speed signals of real
induction motor, acquired through different sensors. These
measured and simulated signals were compared by using a
specifically proposed fitness function which was minimised
using FA to get an estimated degree of static and dynamic
eccentricity.

The model-based fault diagnosis methodology adopted in
this paper has vyielded better results compared to the
traditionally used signal based spectral analysis. The obtained
results proposed that the fault detection methodology can
accurately estimate the type and exact degree of eccentricity.
Moreover, it has been found that the measured and the
simulated results are in best agreement with each other.
Hence, it can be deduced that the suggested model-based
method is highly accurate and reliable for detection of
eccentricity fault and can also be used to find similar types of
faults in other types of motors. However, some inherent
assumptions were made for deriving the model and thus, the
applicability and reproducibility needs to be further
investigated.
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