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Abstract

Although there are several methods that can be used, the
Continuous Wavelet Transform and its discrete version
have demonstrated their ability to work with these signals.
This article presents a new method to help detect early
faults in the rotor squirrel cage of induction motors no-
load and operational state, specifically in bars and rings.
Using three techniques on the whole as it is the motor
current signature analysis (MCSA), discrete wavelet
transform (DWT) and multi-resolution analysis (MRA)
with a decomposition tree reduced and apply a suitable
index that determines the condition of the rotor. A brief
description of the case study on which the research carried
out is based is offered, which is used here successfully to
generate a new alternative to determine the condition of
the rotor squirrel cage. The performance of the results is
get from the experimentation carried out and determined
through comparison between the DWT conventional
analysis and the new method, also exposing a brief
comparison using the fourier transform. This new method
reduces the uncertainty when performing the rotor
diagnosis and improves the accuracy to differentiate the
condition where it is.

DWT, Fault detection, Induction motor

Resumen

Aungue existen varios métodos que se pueden utilizar para
el andlisis de motores de induccién, la Transformada
Wavelet Continua y su version discreta han demostrado su
capacidad para trabajar con estas sefiales. Este articulo
presenta un nuevo metodo para ayudar a detectar fallas
tempranas en el rotor de jaula de ardilla de motores de
induccidn sin carga y en estado operativo, especificamente
en barras y anillos. Utilizando tres técnicas en su conjunto
como lo es el anélisis de firma de corriente del motor
(MCSA), la transformada wavelet discreta (DWT) vy el
analisis multiresolucién (MRA) con un arbol de
descomposicién reducido y aplicando un indice adecuado
que determina el estado del rotor. Se ofrece una breve
descripcion del caso de estudio en el que se basa la
investigacion realizada, el cual se utiliza aqui con éxito
para generar una nueva alternativa para determinar el
estado del rotor de jaula de ardilla. El rendimiento de los
resultados se obtiene a partir de la experimentacion
realizada y se determina mediante la comparacion entre el
analisis  DWT convencional y el nuevo método,
exponiendo ademas una breve comparacion utilizando la
transformada de Fourier. Este nuevo método reduce la
incertidumbre a la hora de realizar el diagnostico del rotor
y mejora la precision para diferenciar el estado en el que
se encuentra.
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Introduction

There are many techniques and monitoring
methods used for the diagnosis or evaluation of
the state of induction motors [1-3]. The most
used technologies and techniques are vibration
analysis, thermography, ultrasound, current and
voltage analysis, better known as MCSA [4-6],
latter is most used due to its characteristics, since
it is a non-invasive technique, until certain point
practical and relatively simple to acquire the
study signal.

However, when the type of electrical
signals used for current analysis in electric
motors is explored, an open field of research
appears to find new methods and tools that are
better adapted to their analysis, so far there are
several methods that use the Wavelet
Transforms in their discrete version that have
demonstrated the ability to work with signals
that can be generated from the use of faulty A.C.
induction motors as [7-10].

There are various works that address the
detection of faults in induction motors and
specifically in the rotor, but nevertheless many
work consider detection and classification
interchangeably, it seems that both must be
necessarily linked when the study of the faults of
motor is carried out, it must be taken into
account that detection is the action of capturing,
noticing or perceiving the presence of a
particular signal related to the failure and the
classification is based on this so that applying
tools such as support vector machines (SVM)
[11], fuzzy logic [12], arrangements of neural
networks (NNA) [13], [14] among many others
is carried out, consequently if the method or tool
used for detection is not adequate, uncertainty
will always exist to a lesser or greater extent.

In this work was developed a new
method that is based on the apply of the Discrete
Wavelet Transform and the analysis of
permanent stator current, with motor no-load. It
focuses on study of the coefficients resulting
from decomposition through of high-level
wavelet signals in permanent or stable current,
as a way of detecting the presence of left
sideband component from multiresolution
analysis. Energy of these coefficients shows a
clear difference when a breakage of the rotor
ring or bar has occurred.
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The comparison of analysis results of
signal has been made using the tools Python and
Matlab, first comparison with the results of the
analysis of signal using a classic tool as Fourier
Transform was made, second with the Discrete
Wavelet Transform was made, in this last the
results of the usual or conventional analysis is
made compared the method developed with a
pre-processing specific to optimize the analysis
and detect faults early induction motors rotor.

The experiments with a squirrel cage
induction motor on a test base built for
diagnostic purposes have been carried out. A
data acquisition system based on an embedded
board and an analog-to-digital converter module
with programmable gain and high resolution was
developed. It is very important given that the
high resolution will allow detection of failures
with a reduced decomposition tree. An important
advantage of this tested method is that it leads to
a correct diagnosis in some times where Fourier
Transform approach does not provide as
accurate results, such as no-load or low-load
machines, this method improves the ability to
distinguish between rotor states and makes the
difference in their condition obvious comparing
against usual DWT analysis, where in different
works, only the selection of mother wavelet used
or sampling frequency of signal changes for
application of the decomposition tree example of
this can be seen in [15-18].

Case study: method basis

The extensive study of induction motors has
yielded multiple findings on its operation, in this
work we focus on the operation and
characteristics of rotor of squirrel cage induction
motors, within the various studies of this area of
motor, it has been shown that broken bars
produce induced frequency components in the
current spectrum in [(1 £ 2s) * f;], where “s”
is the slip and “f1” is the supply frequency or
fundamental frequency.

It has been known since the 1920s that an
asymmetrical rotor winding, whether in a three-
phase cage or slip-ring induction motor, will
induce a voltage in the stator winding at a
frequency of f; x (1 — 2s) Hz and, therefore,
conduct a current at that frequency in the stator.
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The cyclical variation in current caused
by a broken rotor bar produces a torque variation
at twice the slip frequency and this produces a
speed variation that is a function of driveshaft
inertia. This normally reduces in the magnitude
of the current component f; * (1 —2s)and a
new current component appears in f; * (1 + 2s)
and its magnitude can be improved by
modulating the third harmonic flow of time in
the stator. The greater the inertia of the
drivetrain, the greater the resistance to
oscillation of torque and speed at 2sf; and
therefore the smaller the magnitude of the upper
sideband at +2sf; compared to the lower
sideband —2sf; around f, the supply or
fundamental component. Therefore, the cage
winding breaks produce two sidebands at +2sf;
around f, and given by the aforementioned
equation, the magnitude of the supply frequency
component can be 20 to 1000 times greater than
the magnitude of the sidebands according to
[19].

In  summary, electromagnetic field
anomalies in the air gap create sideband
harmonic components in the stator current
spectra. It is here in the stator winding which is
traversed by a balanced system of currents
(three-phase current) that gives rise, because of
the Ferraris Theorem, to a rotating magnetic
field whose speed is known as synchronism
speed and is in Hz is calls n,, this is calculated
from the line or fundamental frequency f; of the
stator currents and the number of even poles by
the following quotient.

_ 60f;
p

1)

ny

In the rotor, which is the rotating part
made up of an axis or central arrow with a series
of laminations in a block or package with slots
in which a series of conductors known as closed
bars with a pair of rings at their ends are fused
that short-circuit each busbar. In motors with a
squirrel-cage rotor, the rotating field created in
the stator generates electromotive forces
(e.m.f.s.) in the rotor winding and when this is
short-circuited, currents appear that generate a
magnetic field, which when interacting with the
rotating field of the stator move it at a speed
close to but below the synchronism known as the
mechanical speed of the motor (n), in such a way
that the general expression for this type of
machine is given by
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nx*p
60

f= - (2)

The relative difference between the stator
(synchronous) and rotor (mechanical) magnetic
flux speeds is known as “slip” (s). Is called slip
s to following relationship

n—n Q- 0Q
= = 3
s m o ©)

in Hz and radians respectly, substituting
equation (1) in (3) it is expressed as follows

60 * f; _
_ " 4)
60 * f;
p

Now the conductors of rotor winding
(bars) see the field originated by the stator
winding rotate with a relative speed n, (value of
the speed of the rotating field, synchronous
speed, from the point of the bars), which can be
expressed as:

n,=n,—n==S5%n, 5)

Consequently, since this magnetic field
has p pairs of poles, in one minute a rotor driver
has seen n,*p magnetic cycles pass in front of
him (each pair of poles makes up a cycle of the
wave of magnetic field in air gap, which is
repeated in the next pair of poles and so on in all
the pairs of poles of the machine). Each magnetic
cycle induces a period of the e.m.f. time wave
when turning ahead of a rotor driver. This causes
the rotor phases to induce an e.m.f.s whose
frequency is n, * p cycles per minute, that is a
frequency f, that measured in Hz (cycles per
second) can be calculated as:

60 *
n e pfl*p

60  ° 60 ©)

fa =

Then, taking relationship (1) into
account, it can be deduced from the above that
there is a frequency in the rotor phases that is

expressed according to the following
relationship.
fo=s*fi (7)
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Fourier Transform

In signal analysis there are many tools that can
be used, among which the Fourier Transform
[20-24] or stands out and is also one of the most
common, thanks to its relative simplicity of use
application and its ability to deliver a
representation of the frequency content that a
certain signal has, however, due to the
limitations of said tool, new tools have been
developed that allow an analysis of the signals
from another perspective as the STFT [25], [26]
due to the need to analyze signals that do not
behave in a stationary way and/or that present
abrupt changes in very small intervals, another
one of these tools is the Wavelet Transform as
mentioned in [27-35]. To better understand these
signal analysis tools and observe how WT
eliminates the limitations of FT, they are
presented next.

Beginning with the Fourier Transform,
the purpose of the mathematical transformations
that apply to the signals is to get more
information from them than that which can be
extracted from the signal in time, the Fourier
Transform allows a signal to be decomposed into
its components sinusoidal and cosine waveforms
of different frequencies and amplitudes, it can be
seen roughly as a mathematical tool or technique
to transform the point of view of the signal from
a time basis to a frequency basis, as illustrated in
figure 1.

FT

Figure 1 Fourier Transform

In most cases, the analysis by Fourier
Transform is useful, however when passing a
signal to the frequency domain, the information
regarding time is lost, because when a signal is
observed to which the Transformation of
Fourier, it is impossible to determine exactly
when a given frequency occurs or is present (in
the time domain).
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Discrete Wavelet Transform

Wavelet Transform applied to a series of
numerical data makes it necessary to implement
a Discrete Transform [36-42]. Considering the
Wavelet Transform of a continuous signal x(t),
but with discrete translation and scaling
parameters a and b. A natural way to sample the
parameters a is by using logarithmic
discretization of the scale a and binding it to the
step size of b, that is moving in discrete steps to
each location of b which is proportional to the
scale a. This discretization of the Wavelet has
the following form:

lpm,n ) =

t— nb0a6"> @®

1
m”’< ay

where m, n € Z control scaling and
translation respectively, ao is the fixed expansion
step size greater than 1 and b is the location
parameter that must be greater than zero. From
equation (8), the translation step size 6b = byag*
is directly proportional to the wavelet scale ao™.
Therefore, the Wavelet Transform of the
continuous signal x(t) using discrete Wavelets of
the form (8) is given by:

1 _
Tnx = -f]R x(¢) * Wl/) (ap™t (9)
—nby)dt

The most common values of ap and bo are
2 and 1 respectively, the logarithmic scaling in
powers of two of the step sizes of translation and
dilation is known as dyadic mesh array.
Substituting aq = 2 and b, = 1 in equation (8),
the wavelet of the dyadic mesh is written as:

t— nb0a0>

1
lpm,n(t) = WIIJ( am (10)

First approach: Analysis based on the Fourier
transform

First analysis was carried out with the Fourier
Transform, analyzing the resulting spectrum of
the study signal before and after the application
of the one-sideband signal preprocessing and
conditioning system (SCPS-1SB) figure 2, with
a healthy motor. Which has as its main element
a special filter of specific characteristics, or
Band Pass-Filter of specific selection exclusive
(FPB-ESE) antialiasing.
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Specifically designed to contribute to the
detection of signals near to the line frequency in
order to more easily detect faults rings or bars.

SCPS-1S8

Figure 2 SCPS one-sideband

In conventional analysis with FT, to
detect frequency of broken bars and rings during
steady-state operation, a fast Fourier Transform
is performed on the study signal. The frequency
amplitude of broken bars and rings is more
noticeable when the load or the number of
broken bars increases and as the motor load
approaches the full load condition, the motor
speed is below motor speed without load so the
frequency of broken bars and rings is more
separated from the line frequency, making it
easier in this condition to locate and identify the
frequency of broken bars and rings.

On the contrary, if motor load is near or
in the unloaded condition, frequency of broken
bars and rings is very close to the line frequency,
making it very difficult and even
indistinguishable, and therefore the condition
broken bars cannot be detected, and under any
other load condition, the amplitude of the broken
bars and broken ring frequency is very small
compared to that of the line frequency, requiring
a high-speed analog-to-digital converter or high
resolution, in this work, high resolution was
chosen instead of high sampling as in most of the
works that were reviewed and carried out up to
now.

Figure 3 shows spectrum of the raw
signal healthy versus the spectrum of signal
applying the preprocessing to the SCPS-1SB
signal healthy. In this comparison we can see
that there are slight differences in magnitude
between the two spectra because of the filtering
so close to the line frequency that was carried
out, although no difference that could be of
importance is observed, the differences that are
observed are due to the work that the signal
processing. In figure 4 shows comparison of
spectra of the healthy signal and with failure,
both with signal processing, in which it is
possible to notice a greater difference in signal
level, but at very low levels.
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This makes it difficult to differentiate
between the states of healthy and failed motor
using only the spectra, getting worse much with
variable loads, since line frequency is still too
high, eclipsing the signals of interest.

FFT

Raw Signal FF1

Magntude

FFT

Filtered Signal FFT

Mopnitude

Figure 3 Spectrum of signal FT without and with SCPS-
1SB

FFT
Filterad Signal Healthy

Magntude

M2

FFT

Filtered Signal Fadl

Magneude

Mz

Figure 4 Spectrum of signal FT healthy vs fault.

Second approach: Analysis based on the
Discrete Wavelet transform

Second analysis was performed with the
Discrete  Wavelet Transform 1-D. After
performing the signal conditioning is done
preprocessing where the SCPS-1SB is applied,
the next step is the application of the signal to the
decomposition tree or multi-resolution analysis
based on the transform algorithm fast wavelet
using matlab, for this some aspects must be
considered, the first is the choice of a mother
wavelet in which the correlation of this with the
study signals must be considered, in the same
way the necessary decomposition levels must be
calculated, the number of these will result
according to the sampling frequency used, this
can be done by means of an expression which is
used with some variations by as shown in [10],
[14].
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There are multiple variations of the
equation to determine the limit of decomposition
levels according to the main purpose and the
specific data for this work. In this particular case,
the line frequency is 60 Hz according to our
geographical region and the sampling frequency
is 720 Hz, low compared to that used in other
works but it does not prevent the effectiveness of
method, which is result of operation of data
acquisition module and board with embedded
system used.

The choice of mother wavelet is of the
utmost importance, in this study wavelet
Daubechies-44 (db44) was used, and although
due to its level it requires a large computational
load, its good work has been demonstrated in the
detection of failures in broken bars and rings in
induction motors compared to other [10], [14],
[35]. It is the one that are selected as the mother
wavelet, since they is provide a more precise
detail signal with lower harmonics since as the
wavelet is of a higher level, it is located less in
time and oscillates less due to the dilation nature
of wavelet transform, this means that at a higher
level it behaves like a filter more ideal.

The equation chosen to calculate the
levels of decomposition or branches is:

og (1)

1= int
n+ in Tog(2)

+1 (11)

The result that calculation gave us using
suitable sampling frequency and line frequency
gave us a decomposition tree made up of 4
levels, one thing to remember is that the
decomposition tree has a decimated dyadic
structure, this means In other words, for each
level that increases the samples are reduced in
powers of two, this type of structure optimizes
the characteristics of the system since it avoids
having redundancy in the output data
(coefficients Ca, Cb).

This can be seen in the multi-level or
multi-resolution decomposition tree figure 5, in
which the four levels are shown with the
respective outputs of the detail coefficients and
the output for level four of the approximation
coefficients.
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Figure 5 Multiresolution decomposition tree.

This method is based on three tools
which are:

Techniques applied in the method

MCSA - Motor | AWT — Analysis | AMR
Current  Signature | wavelet transform | Analysis
Analysis Multiresolution

Pre-processing
Post processing

Diagram 1 Techniques and processing
Experimental results.

For validation of method, several tests were
carried out with a 4-pole 2Hp squirrel cage
induction motor. The motor was initially tested
in a healthy state, later proceeded ring and rotor
bar breaks were performed in a laboratory; the
separation was made in the ring's width and the
bar with an approximate thickness of 1mm. After
finishing the tests in a healthy state, the motor
was disassembled to gain access to the rotor and
be able to carry out in the failure's simulation,
material was artificially removed to generate the
break in the ring and the bars (Fig. 7) The data
on study's motor nameplate are: brand: WEG,
model: 00218ET3EM145TCW, Star connection,
nominal voltage: 230 V, nominal primary
current: 5.52 A, nominal power: 2Hp, 4
individual poles, nominal speed: 1755 rpm,
service factor: 1.25, Insulation class: F and
number of rotor bars: XX. The figure 6 shows
the diagram of acquisition and processing of
signal.

Ay KM

Figure 6 Data acquisition and processing
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Figure 7 Tool and ring and bar failure simulation, broken
rotor

To select the line where the current data
would was get, an initial comparison was made
in the three phases, taking into account as
selection criterion which was the most stable and
with the least variations between tests, was
selected the phase or line number 2, for having
the greatest stability and least variation between
tests. In this, the primary current was measured
during permanent state for the different cases
tested, for this condition the samples were taken
after 10 seconds of starting the motor. To capture
data, an analog-to-digital converter was used
with a sampling frequency of 860 samples/s
theorist with programmable gain and 16-bit
resolution. To carry out the acquisition of the
current signal, Python was used and the analysis
was carried out with the DWT, it was done with
MATLAB. A 4-level decomposition was
performed using the mother wavelet
Daubechies-44 for analysis. Table 1 shows
frequency bands corresponding to high-order
wavelet signals resulting from the analysis,
according to sampling rate used for tests.

Table | shows bandwidth with which
each level remains for details or high-frequency
signals, as well as for approximations or low
frequency signals. In this table, It can be seen
that our area of interest focuses mainly on the
level four of details, since in this they will meet
the signs of interest.

Level Approximations Details |
1 | AL:[0,360] | D1:[360,720]
> | A2:[0,180] | D2:[180, 360]
3 | A3:[0,90] D3:[90 , 195]
4 | A4:[0,45] D4:[45, 90]

Table 1 Frequency bands in hz for twd with =720 Hz

ISSN 2523-0344
ECORFAN® Al rights reserved.

June 2023, Vol.7 No.18 21-33
Analysis and comparison of the signals

Figures 8 and 9 show analysis multi-resolution
of the signal no-load state of motor, where in the
first (figure 8) the levels of the raw signal or
without process are shown, according to the
amount of data and algorithm that Matlab uses,
the decomposition levels should be 13, having
several levels that are not relevant for the study
of the signals that indicate rotor failures, or of
interest (d6-d13), this can be seen clarity in
figure 9 since after applying the SCPS-1SB,
where only the signals that would indicate the
failure in the rotor of the squirrel cage induction
motor appear, these levels lack of any variation
in the signal. Thus we can see that an analysis
can be carried out with fewer levels, more stable
and without variations after the application of
SCPS-1SB without losing the characteristics or
signals of our interest for the detection of
failures, and be able to differentiate with total
clarity the moments of inflection.

Figure 8 Raw signal no-load motor, figure shows the
decomposition of 5 levels showing variations in the last
three levels

Figure 9 Signal SCPS-1SB no-load, figure shows the
decomposition of 5 levels without variations in the last
three levels
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This small difference and elimination in
the oscillation of the resulting signals is a great
advance of the utmost importance since for
analysis of the signals of faults a small difference
can cause an increase in their energy, and if don't
have stability, this could be inconvenient since
the variations cause uncertainty and mistakes
when differentiating the state where motor is
located, provoking diagnoses doubtful or wrong.

The index used to determine the state of
rotor is governed under the condition of having
a stable signal, when applying the SCPS-1SB the
graphs of the different levels of coefficients
show that a smaller number of levels is required
for analysis of signal, from here the analysis is
carried out with fewer levels giving way so to
comparison between the resulting of signals in a
healthy and with failure state.

Method for detecting faults

The tests show that Discrete Wavelet Transform
performs a more adequate analysis for this type
of signals caused by failures in rotor of induction
motors carried out, getting results with greater
precision due to the conditioning and
preprocessing of signal, increasing the accuracy
when diagnosing the condition of motor
however the results of analysis with
conventional method are not as noticeable or
evident by the variations present in the resulting
signal, variations that are reflected in the
energy's magnitude of f the coefficients, in
proposed method to detect faults in bars and
rings of the squirrel-cage rotor certain features
stand out to be able to detect with failures more
clearly and easily to remove the uncertainty due
to low visible difference but enough between
motor states.

Figure 10 of signals of output SCPS-1SB
no-load with fault motor and signal of output
SCPS-1SB no-load without fault motor clearly
show that there is a notable difference in the
levels of the resulting coefficients at the level of
interest (cD4), the level at which where are the
signs related to failures in the rotor of induction
motors, due to the special treatment that was
done to the signal to it analysis, since the
sideband method is used to detect faults.
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To improve the results get and avoid the
deviation in the value of the result of the
coefficients, a statistical study of the resulting
signals was made and a statistical analysis was
carried out, where did it began debugging the
signal considering only the values where the
convolution of the signals completely overlap
and the values outside the limit of the signal are
not considered. Following this concept, it goes
one step further and the study and analysis was
carried out, reducing to the resulting signal 14
points less in both ends of the signal to reduce
variation and improve accuracy of results.

¥ _
9 \

/_L*— Range

-0.01 t0001

Failure

Healthy

Figure 10 Levels at the output of the SCPS-1SB, figure
on the left side shows the analysis of the motor signals
without fault in no-load, the figure on the right side shows
the analysis of the motor signal in no-load with fault

The calculation and comparison of
energy of the coefficients was made where
energy 1 is calculation of complete signal,
energy 2 is calculation of the signal with the
elimination of the length of kernel of
convolution and energy 3 results from the signal
removing the length of Kernel and 14 extra
points. These points were taken according to the
results of the graphs because of, the tests and
analysis carried out, the basis that was taken was
realization of an average of the results of energy
of each test carried out, calculated with
MATLARB the results.

Figure 11 shows comparison of the
signals resulting from the level of interest (cD4)
for detection of failures in the rotor of induction
motors, it shows the graphs of complete signal,
the signal with the elimination of kernel length
of the convolution and the signal removing
kernel length and 14 more points.
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Detail ¢D4 - Craterion |

Detail ¢D4 - Critenion 2

100 20 X0 400 500 600

Detail cD4 - Criterion 3
e Energy 3

100 00 30 <00 500 600

Figure 11 Coefficient signals level 4 (cD4)

Table 11 shows results of deviation get of
the tests results indicating precision which we
have an average deviation of 37% for original
signal results, an average deviation of 56% for
signal with elimination of kernel length and an
average deviation of 13% of signal eliminating
Kernel length and 14 points, these results clearly
show an improvement in stability and precision
of method regarding the usual analysis, as well
as being more exact in differentiation of motor
no-load states.

1 2 3

1 96.460 | 3.539| 120.765| 20.765| 75.497| 24.502
10 73.245| 26.754 5.183| 94.816| 126.298 | 26.298
20 | 115.819| 15.819| 113.698| 13.698| 103.014| 3.014
30 72.492 | 27,507 | 93.596 6.403 | 64.207 | 35.792
40 40.054 | 59.945| 39.009| 60.990| 109.364| 9.364
50 | 107.083| 7.083| 125.068| 25.068| 93.842| 6.157
60 | 181.603 | 81.603 | 202.880 | 102.880| 117.831 | 17.831
70 69.910 | 30.089 6.686 | 93.313| 98.075| 1.924
80 | 112.711| 12.711] 139.432| 39.432| 102.309 | 2.309
90 | 186.287 | 86.287 | 206.161 | 106.161 | 116.420 | 16.420
100 | 44.3304 | 55.669| 47.518| 52.481| 93.136| 6.863

# % ) )
Test | Energy  Abs | Energy Abs Energy | Abs

Table 2 Absolute deviation of the signal in %.
Gratitude
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Conclusions

There are multiple methods and tools for the
analysis of rotor failures, Fourier Transform is a
powerful tool for the analysis of the line current
signature in squirrel cage induction motors,
however it is not the most appropriate since it
does not behave in the best way in the analysis
of resulting signals of processes where there is a
variable load with sudden changes in a short
time, as well as in signals where the motor has
the minimum requirement having a low load, in
this paper this last point is addressed.

In this paper, a novel and specific method
for the detection of broken rotor rings and bars
in induction motors no-load and in steady state
is presented, an extreme condition where the
detection of faults is the most difficult and very
few works have studied. The method is based on
specific treatment performing an adequate
conditioning of the signal, designing and
calculating a special filter, which performs three
functions: first, it is responsible for filtering the
line or fundamental frequency to avoid eclipsing
signal that indicate a fault, as well eliminate
signals that are not necessarily a sign of failure
because of harmonics and for another, it
performs an anti-aliasing, besides to restricting
the window to a specific band where possible
rotor failures are found only, ensuring its
operation, filter job of this filter is based on the
frequencies that have been extensively studied
and that are known with theoretical certainty to
be indicative of damage to the rotor, this special
filter with the elements in charge of signal
acquisition and preprocessing is called the signal
conditioning and preprocessing system one-
sideband (SCPS-1SB). The application of the
preprocessing was effective since in the
spectrum resulting from the analysis, only the
band of interest for the detection of early failures
is preserved.

Next, the calculation of bands or levels
that make up the decomposition tree for multi-
resolution analysis is performed based on the
discrete wavelet transform, considering the
sampling frequency that is given by the analog-
to-digital converter module with 16-bit
resolution, sampling frequency of 860 mps
theoretical and programmable gain, there are 4
levels or branches left making resources efficient
and demonstrating that a sampling high is not
essential nor conditional, as has been done in
most of similar works focused on this topic.
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Within which there is a greater interest in
level four of detail coefficients with this, it is
shown that a decomposition with a tree of many
levels is not required to get favorable results.

To further improve the precision of the
results and have a good performance with the
detection index a post-processing is applied to
all this, it is used an adequate index where we
work with the signal and the coefficients of the
results, optimizing the signal (Level cD4),
limiting the extremes of this and reducing the
signal the length of the kernel plus 14 points
getting a smaller deviation of the tests is get
regarding the analysis of the original signals and
without the application SCPS-1SB, in charge of
a specific work and improvement of the results
in the detection of failures in the rotor of
induction motors. This criterion is also very
useful for adjusting and optimizing the
comparison of the state of the motor through the
graph resulting from cDA4.

The proposed method reduces the
uncertainty increasing accuracy to differentiate
with clearly the state in which the motor is
differed considerably increases the possibility of
detecting in the conditions of failure with the
motor no-load and permanent state, of rings and
broken bars compared with conventional DWT
analysis, and can more accuracy diagnose the
different conditions, being to able can detect
incipient failures with a light or low load, besides
to eliminating the inconvenience of the analysis
with load variation, either using Fourier
Transform or conventional wavelet transform
analysis. Here we focus on the range and we
refine the characteristics of the signal that
provides us with the identification and
maximizing the difference that determines the
state of the motor. With this work, certain points
are corroborated, the fact that although it is
possible to use the Fourier transform to detect
faults, it is very difficult due to its proximity to
the line frequency and special conditions are
needed; on the other hand, it is shown that with
the use and combination of several suitable tools
for failure analysis can clearly detect these
failures even with low load without need to
implement tools that demand so many resources,
obtaining the same and better results, finally it is
shown that although high sampling gives good
results for failure detection, it is not essential for
the detection of the failures having a high
resolution in sampling.

ISSN 2523-0344
ECORFAN® Al rights reserved.

June 2023, Vol.7 No.18 21-33
Referencias

[1] Marian N. (2005). Fault Diagnostics of
Electrical AC Machines, Helsinki University of
Technology, Laboratory of Electromechanics,
Finland. URL:
https://www.myecole.it/biblio/wp-
content/uploads/2020/11/Fault-Diagnostics-of-
Electrical-AC-Machines.pdf

[2] Castelli M. J., Fossati J.P., Andrade M. T.
(2008). Metodologia de monitoreo, detection de
fallos y diagnostico en motores asincronos,
IEEE, 7° encuentro de Energia, Potencia,
Instrumentacion y Medidas, pp. 91-97.

[3] A. Sharma, S. Chatterji, L. Mathew, M.
Junaid Khan, (2015). A Review of Fault
Diagnostic and Monitoring Schemes of
Induction Motors, International Journal for
Research in Applied Science & Engineering
Technology, Vol. 3, lIssue 4, pp.1145-1152.
ISSN: 2321-9653

[4] A. Sharma, L. Mathew; Sh. Chatterji, (2017).
Analysis of Broken Rotor bar Fault Diagnosis
for Induction Motor, International Conference
on Innovations in Control, Communication and
Information Systems.
DOI: 10.1109/ICICCIS.2017.8660808

[5] M. Meira, C. Verucchi, A. Castellino, G.
Bossio, (2021). Detection of broken rotor bars
and eccentricity during the starting transient of
three-phase induction motors, Workshop on
Information Processing and Control.
DOI: 10.1109/RPIC53795.2021.9648510

[6] D. Liu, H. Inoue, M. Kanemaru, (2022).
Robust Motor Current Signature Analysis
(MCSA)-based Fault Detection under Varying
Operating Conditions, International Conference
on Electrical Machines and  Systems.
DOI: 10.1109/ICEMS56177.2022.9983454

[7] J. Cusidd, L. Romeral, J. A. Ortega, J. A.
Rosero, A. Garcia Espinosa, (2008). Fault
Detection in Induction Machines Using Power
Spectral Density in Wavelet Decomposition,
IEEE Transactions on industrial electronics,
Vol. 55, No. 2, pp. 633-643.
DOI: 10.1109/T1E.2007.911960

MARTINEZ-GARCIA, Irving 1. & PENA-CABRERA, J.Mario.
Method to detect faults in the rotor squirrel cage with low load in
permanent state using DWT. Journal Industrial Engineering. 2023


https://doi.org/10.1109/ICICCIS.2017.8660808
https://doi.org/10.1109/RPIC53795.2021.9648510
https://doi.org/10.1109/ICEMS56177.2022.9983454
https://doi.org/10.1109/TIE.2007.911960

Article

31
Journal Industrial Engineering

[8] A. Bouzida, O. Touhami, R. Ibtiouen, A.
Belouchrani, M. Fadel, A. Rezzoug, (2011).
Fault Diagnosis in Industrial Induction
Machines Through Discrete Wavelet Transform,
IEEE Transactions on industrial electronics,
Vol. 58, No. 9, pp. 4385-4395. DOI:
10.1109/T1E.2010.2095391

[9] Y. Gritli, S. Bin Lee, F. Filippetti, L. Zarri,
(2014). Advanced Diagnosis of Outer Cage
Damage in Double-Squirrel-Cage Induction
Motors Under Time- Varying Conditions Based
on Wavelet Analysis, IEEE Transactions on
industry applications, Vol. 50, No. 3, pp. 1791-
1800. DOI: 10.1109/ECCE.2012.6342668

[10] S. Shaa, N. Bessous, R. Pusca, R. Romary,
(2020). A comparative study dedicated to rotor
failure detection in induction motors using
MCSA, DWT, and EMD techniques,
International ~ Conference on  Electrical
Motorering.
DOI:10.1109/ICEE49691.2020.9249774

[11] Younas, M. B., Ullah, N, Taner
Goktas, Arkan, M., Gurusamy, V. (2021). The
Performance Evaluation of Machine Learning
based Techniques via Stator Current and Stray
Flux for Broken Bar Fault in Induction Motors.
2021 IEEE 13th International Symposium on
Diagnostics for Electrical Machines, Power
Electronics and Drives (SDEMPED), pp. 180-
185.
DOI:10.1109/SDEMPED51010.2021.9605516

[12] O. R. Agyare, A. B. Asiedu-Asante and A.
R. Biney, (2019). Fuzzy Logic Based Condition
Monitoring of a 3-Phase Induction Motor, 2019
IEEE  AFRICON, pp. 18, DO
10.1109/AFRICON46755.2019.9133780.

[13] Guedidi, A., Laala, W., Guettaf A. (2020).
Diagnosis and Classification of broken bars
fault using DWT and Artificial Neural Network
without slip estimation. 2020 XI International
Conference on Electrical Power Drive Systems
(ICEPDS).1(2). DOI:
10.1109/1ICEPDS47235.2020.9249315

[14] chikkam, S., Singh, S. Condition
Monitoring and Fault Diagnosis of Induction
Motor using DWT and ANN. Arab J Sci Eng 48,
62376252 (2023).
https://doi.org/10.1007/s13369-022-07294-3

ISSN 2523-0344
ECORFAN® Al rights reserved.

June 2023, Vol.7 No.18 21-33

[15] F. B. Costa, (2014). Fault-Induced
Transient Detection Based on Real-Time
Analysis of the Wavelet Coefficient Energy,
IEEE Transactions on power delivery, Vol. 29,
NO. 1, pp. 140-153. DOI:
10.1109/TPWRD.2013.2278272

[16] Sridhar. S, K. Uma Rao, S. Jade, (2015).
Detection of Broken Rotor Bar Fault in
Induction Motor at Various Load Conditions
Using Wavelet Transforms, International
Conference on Recent Developments in Control,
Automation and Power Engineering. DOI:
10.1109/RDCAPE.2015.7281373

[17] N. Lahouasnia, M. Faouzi Rachedi, Th.
Deghboudj, (2019). Detection of Broken Rotor
Bar Defect in Squirrel Cage Induction Machine,
International  Conference on  Advanced
Electrical ~ Motorering  (ICAEE). DOIL:
10.1109/ICAEE47123.2019.9015159

[18] M. Zawad Ali, L. Xiaodong, (2019).
Induction Motor Fault Diagnosis Using Discrete
Wavelet  Transform, IEEE  Conferencia
Canadiense de Ingenieria Eléctrica e Informatica
(CCECE). DOI:
10.1109/CCECE.2019.8861923

[19] W. T. Thomson, lan Culbert. (2017).
Current Signature Analysis for Condition
Monitoring of Cage Induction Motors:
Industrial Application and Case Histories, John
Wiley & Sons, Inc.

[20] K.R. Rao, D.N Kim, J.J Hwang, (2010).
Fast Fourier Transform: Algorithms and
Applications, Springer, ISBN: 978-1-4020-
6628-3. DOI:10.1007/978-1-4020-6629-0

[21] A. Sapena Bafio, M. Pineda Sanchez, R.
Puche Panadero, J. Martinez Roman, D. Matic,
(2015). Fault Diagnosis of Rotating Electrical
Machines in Transient Regime Using a Single
Stator Current’s FFT, |EEE Transactions on
Instrumentation and Measurement, VVol. 64, No.
11, pp. 3137-3146. DOI:
10.1109/T1M.2015.2444240

[22] C. da Costa, M. Kashiwagi, M. H. Mathias,
(2015). Rotor failure detection of induction
motors by wavelet transform and Fourier
transform  in  non-stationary  condition,
ELSEVIER Case Studies in Mechanical
Systems and Signal Processing, pp. 15-26.
https://doi.org/10.1016/j.csmssp.2015.05.00

MARTINEZ-GARCIA, Irving 1. & PENA-CABRERA, J.Mario.
Method to detect faults in the rotor squirrel cage with low load in
permanent state using DWT. Journal Industrial Engineering. 2023


https://doi.org/10.1109/TIE.2010.2095391
https://doi.org/10.1109/ECCE.2012.6342668
https://ieeexplore.ieee.org/xpl/conhome/9249766/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9249766/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9605249/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9605249/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9605249/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9249231/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9249231/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9249231/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8984253/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8984253/proceeding
https://ieeexplore.ieee.org/author/37086525422
https://ieeexplore.ieee.org/author/37406457300
https://ieeexplore.ieee.org/xpl/conhome/8852749/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8852749/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8852749/proceeding

Article

32
Journal Industrial Engineering

[23] A C. Abhinandan, M. H. Sidram, (2017).
Fault Diagnosis of an Induction Motor through
Motor Current Signature Analysis, FFT & DWT
Analysis, 4th IEEE International Conference on
Motorering Technologies and Applied Sciences
(ICETAS). DOI:
10.1109/ICETAS.2017.8277869

[24] S. Sbaa, N. Bessous, R. Pusca, R. Romary,
(2020). A comparative study dedicated to rotor
failure detection in induction motors using
MCSA, DWT, and EMD techniques,
International ~ Conference  on  Electrical
Motorering.
DOI:10.1109/ICEE49691.2020.9249774

[25] Villalpando Hernandez, Josué Uriel, Cabal
Yepez, Eduardo, (2017). Deteccion de barras
rotas en motores de induccién utilizando la
STFT, Verano de la Investigacion Cientifica,
Vol. 3 No. 2.
https://www.jovenesenlaciencia.ugto.mx/index.
php/jovenesenlaciencia/article/view/1968/1464

[26] Rubi A. Ayon-Sicaeros, E. Cabal-Yepez, L.
M. Ledesma-Carrillo, G. Hernandez-Gomez,
(2019). Broken-Rotor-Bar Detection Through
STFT and Windowing Functions, IEEE Sensors
Applications  Symposium (SAS) . DOL:
10.1109/SAS.2019.8706086

[27] Pineda caballero A. R. (1998). Teoria de
Wavelets, una alternative, Thesis, Universidad
Nacional Autonoma de Mexico, Acatlan,
México.

[28] Quian Tao, Vai Mang, Xu yuesheng,
(2007). Wavelet Analysis and Applications.
Basilea Suiza: Birkhauser Verlag. ISBN
9783764377786

[29] J. Navarro Fuentes, D. Elizarraras Martinez,
(2010). Introduccion a la transformada Wavelet
Continua. Reverte, ISBN: 9786077815037

[30] D. Espinosa Pérez, J. Delgado, (2012).
Tesis, Wavelets y Superresolucion.
http://mat.izt.uam.mx/mat/documentos/producci
on_academica/toda_la_produccion/Tesis%20dir
igidas-12-103.pdf

ISSN 2523-0344
ECORFAN® Al rights reserved.

June 2023, Vol.7 No.18 21-33

[31]] C. Yun Guo, J. Ping Li, (2013).
Development and future of wavelet analysis,
10th International Computer Conference on
Wavelet Active Media Technology and
Information Processing (ICCWAMTIP), pp.
335-338. DOLl:
10.1109/ICCWAMTIP.2013.6716661

[32] L. Debnath, F. Ahmad Shah. (2015).
Wavelet Transforms and Their Applications.
Birkh&user Boston DOl:
https://doi.org/10.1007/978-0-8176-8418-1

[33] R. Narayan Dash, Ch. Panigrahi, B.
Subudhi, S. Prasanna Saho, (2018). Induction
Motor Health Identification using Wavelet
Transform Technique, Technologies for Smart-
City Energy Security and Power (ICSESP).
DOI: 10.1109/ICSESP.2018.8376727

[34] O. Abdi Monfared, A. Doroudi, A.
Darvishi, (2019). Diagnosis of rotor broken bars
faults in squirrel cage induction motor using
continuous wavelet transform, COMPEL The
international journal for computation and
mathematics in electrical and electronic
motorering, Vol. 38, No. 1, pp. 167-182.
https://doi.org/10.1108/COMPEL-11-2017-
0487

[35] Sh. Md Kawsar Zaman,H. U May
Marma, L. Xiaodong. (2019). Broken Rotor Bar
Fault Diagnosis for Induction Motors Using
Power Spectral Density and Complex
Continuous Wavelet Transform Methods, IEEE
Canadian Conference of Electrical and
Computer  Motorering (CCECE). DOI:
10.1109/CCECE.2019.8861517

[36] Su-Yun Huang, Zhidong Bai. (2003).
Wavelets, Advanced, Encyclopedia of Physical
Science and Technology.Third Edition, pp.753-
771. https://doi.org/10.1016/B0-12-227410-
5/00939-X

[37] B. Mahdi Ebrahimi, J. Faiz, S. Lotfi fard, P.
Pillay, (2012). Novel indices for broken rotor
bars fault diagnosis in induction motors using
wavelet transform, Mechanical Systems and
Signal Processing. Vol. 30, pp. 131-145.
https://doi.org/10.1016/j.ymssp.2012.01.026

MARTINEZ-GARCIA, Irving 1. & PENA-CABRERA, J.Mario.
Method to detect faults in the rotor squirrel cage with low load in
permanent state using DWT. Journal Industrial Engineering. 2023


https://ieeexplore.ieee.org/xpl/conhome/8267340/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8267340/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8267340/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9249766/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9249766/proceeding
https://ieeexplore.ieee.org/author/37086828038
https://ieeexplore.ieee.org/author/38277709400
https://ieeexplore.ieee.org/author/38357279400
https://ieeexplore.ieee.org/author/38357279400
https://ieeexplore.ieee.org/author/38273307200
https://ieeexplore.ieee.org/xpl/conhome/8702268/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8702268/proceeding
https://ieeexplore.ieee.org/author/37087042191
https://ieeexplore.ieee.org/author/37086062778
https://ieeexplore.ieee.org/author/37086062778
https://ieeexplore.ieee.org/author/37406457300
https://ieeexplore.ieee.org/xpl/conhome/8852749/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8852749/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8852749/proceeding
https://www.sciencedirect.com/referencework/9780122274107/encyclopedia-of-physical-science-and-technology
https://www.sciencedirect.com/referencework/9780122274107/encyclopedia-of-physical-science-and-technology

Article

33
Journal Industrial Engineering

[38] P. Shi, Z. Chen, Y. Vagapov, (2013).
Wavelet Transform based Broken Rotor-bar
Fault detection and Diagnosis Performance
Evaluations, International Journal of Computer
Applications, Vol. 69, No.14, pp. 36-43. DOI:
10.5120/11913-8033

[39] H. Cherif, A. Menacer, B. Bessam, R.
Kechida, (2015). Stator Inter Turns Fault
Detection Using Discrete Wavelet Transform,
IEEE 10th International Symposium on
Diagnostics for Electrical Machines, Power
Electronics and Drives (SDEMPED), pp. 138-
142. DOI: 10.1109/DEMPED.2015.7303681

[40] Shruti Prins, Mini V.P., Mayadevi N.,
Harikumar R. (2018). Detection of Broken Rotor
Bars Using Multilevel Wavelet Decomposition,
Proceedings of the 2nd International Conference
on Trends in Electronics and Informatics. DOI:
10.1109/ICOEI.2018.8553821

[41] Viragg U. Patel, (2019). Condition
Monitoring of Induction Motor for Broken Rotor
Bar using Discrete Wavelet Transform & K-
nearest Neighbor, 3rd International Conference
on Computing Methodologies and
Communication (ICCMCQC). DOIL:
10.1109/ICCMC.2019.8819637

[42] M. Singh, A. Gafoor Shaik, (2019). Broken
Rotor Bar Fault Diagnosis of a Three-phase
Induction Motor using Discrete Wavelet
Transform, IEEE PES GTD Grand International
Conference and Exposition Asia (GTD Asia),
pp. 13-17. DOIl:
10.1109/GTDAsia.2019.8715925

ISSN 2523-0344
ECORFAN® Al rights reserved.

June 2023, Vol.7 No.18 21-33

MARTINEZ-GARCIA, Irving 1. & PENA-CABRERA, J.Mario.
Method to detect faults in the rotor squirrel cage with low load in
permanent state using DWT. Journal Industrial Engineering. 2023


https://ieeexplore.ieee.org/xpl/conhome/8811524/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8811524/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8811524/proceeding

