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Research has witnessed considerable advancement in the
field of fault detection and monitoring in induction motors.
The advent of on-line and automated systems for fault
diagnosis has added a new dimension in the area of
condition monitoring of induction motors. So keeping in
mind the vast scope of this field of research and the
economic impact that bearing failures have on industries, a
review of different techniques used for bearing fault detection
is done by compiling various available literatures.In this
paper the different bearing fault detection methodologies
are grouped according to the techniques used for bearing
fault detection. The advantages and disadvantages
associated with the fault detection schemes are also
reported. The review illustrates that bearing fault detection
is primarily done using Fourier transform based analysis
and/or Wavelet transform based tools by analyzing vibration
signals and/or motor current signals. The vibration signals
have proved to be the superior option pertaining to the
various advantages as discussed in the literature. The
objective of the present work is to unfold a broad area of
the updated status of the bearing fault monitoring and will
assist future researchers to realize the scope of research in
this area at a glimpse.

Keywords: Condition monitoring; induction motors;
bearing faults; current signal; vibration signal; fourier
transform; wavelet transform.

I. Introduction

The practice of fault detection is as primitive as the
advent of the machines themselves. Initially, protection
of any machinery depended on the various relays to

ensure reliable operation. But with the gradual reduction in
the man-machine interface, the need for on-line condition
monitoring is at the zenith so as to curb the faults at their
very inception. An effective fault diagnosis technique helps
in reducing unscheduled downtime considerably and
minimizing the financial losses.

The major faults associated with the electrical machines
include [1]:

1. Winding faults,

2. Broken rotor bars,

3. Air-gap irregularity related faults, and

4. Bearing failures.

In general, stator winding breakdown causes about 30% -
40% of induction motor (IM) failures. A survey carried out by
IEEE and Electric Power Research Institute reports that the
stator faults are responsible for 37% of the machine failures[2].
A separate report as published by the General Electric, under
the sponsorship of Electrical Power Research Institute and the
IEEE industry applications society illustrates that bearing
problems cause over 40% of total machine failures [3], [4]. The
studies done in [5-9] report that bearing failures account for
about 45-50% of total machine failure. The possibility of
occurrence of different faults that occur in an IM as reported
by [10] is shown in Fig.1. Over the years various parameters
have been analyzed to understand the symptoms for the
detection of faults. These parameters mainly include noise
measurement, temperature measurement, vibration monitoring,
current signature analysis, axial flux measurement, chemical
analysis, infrared and radio frequency monitoring, artificial
intelligence (AI) and neural network etc. [1], [11].

This paper aims to compile various literatures of bearing
fault monitoring techniques. The next section deals with the
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types of bearing damages along with the general parameters
and methods used for their detection. Section III deals with
the different monitoring techniques used for the detection of
bearing faults in IM. Finally, Section IV concludes the work.

II. Types of bearing damages, their causes, effects and
parameters used for detection

Bearing damages may occur due to both internal and external
operating stresses. Internal operating stresses may be caused
by vibration, pre-existing eccentricity and bearing currents
due to solid state drives [12]. Apart from these, the various
external causes that contribute in bearing damages include
contamination and corrosion, improper lubrication (both over
and under lubrication) and improper installation of the bearing
[1]. Sometimes bearing damages are marked as rotor
asymmetry faults which fall under the category of eccentricity
related faults [13]. This eccentricity occurs due to the
misalignment of rotor during installation. This results in
variation in the air-gap flux density thus causing variation in
stator current spectra. Ball bearing related faults are
categorized as outer bearing race defects, inner bearing race
defects, ball defects and train defects [1]. The vibration
frequencies can be used to detect all these types of bearing
failures. These frequencies under different faults are given
as [1]:
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where, rf  is the rotational frequency, N is the number of balls,

db  and Pd  are the ball diameter and ball pitch diameter

respectively, and   is the angle of contact of the ball with
the races. The ball bearing dimensions are shown in Fig.2.

It is seen from (1)-(4) that specific information about
machine construction is required to calculate exact race
frequencies. However, these frequencies can be approximated
to the following equations for most of the bearings with six
to twelve balls:

ro nff 4.0 

... ... (5)

ri nff 0.6 

... ... (6)

where, 

rf

 is the mechanical rotor speed in hertz, of  is the

outer race frequency, if  is the inner race frequency and n is
the number of bearing balls.

Bearing faults also exhibit characteristic frequencies in the
current spectrum. Bearing fault frequencies of the vibration
spectrum and the current spectrum are interrelated [14]. The
relation between current fault frequencies and bearing fault
frequencies for the corresponding bearing fault is given as,

vbng mfff  1 ... ... (7)

where, m = 1,2,3,…..and vf  is one of the characteristic
vibration frequencies. This relationship between the bearing
vibration and the stator current spectrum exist because of the
anomalies in the air-gap flux density produced by air-gap
eccentricity [15]. The mechanical displacement due to bearing
damage causes variation in the air-gap of the machine similar
to a combination of rotating eccentricities moving in both
clockwise and counter-clockwise directions [16]. The work
also establishes that as the fault worsens, vibration signals
used for bearing fault detection are affected by the machine
speed.

Bearing faults are also categorized as (1) single point
roughness, which is visible on the raceways, rolling elements
etc. and gives rise to characteristic fault frequencies in the
vibration spectrum, and (2) generalized roughness. The latter
refers to bearings with no visible defects and thus these do
not produce any characteristic fault frequency spectrum.
Single point roughness is caused by defects which include
spalling, brinelling, corrosion, and electric discharge.
Furthermore, generalized roughness is caused by deformed
rolling element or deformed or wrapped raceways [17], [18].
Usually fatigues relating to bearing failures begin with small
fissures which are located at the lower surfaces of the races
and rolling elements. These fissures propagate gradually and

Fig.2 Ball bearing dimensions [28]
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generate detectable noises and vibrations. The fragments of
the material break loose further thus producing a localized
fatigue phenomenon known as flaking or spalling [18].

Mainly vibration and current are used as parameters to
diagnose and monitor bearing faults and their severity [19-
21]. Vibration based method is internationally standardized in
the industry using ISO 10816 standard [22]. Both of these
parameters have their own advantages and disadvantages.
Vibration analysis has the drawback of installation of
vibration sensors in many practical cases, especially the ones
involving large number of electrical machines. Whereas, in the
case of current spectrum monitoring, it is difficult to
distinguish bearing fault signatures from non-fault
component or noise present in the stator current spectrum
[23]. The study done in [24] proposed that stator current
monitoring is more feasible as it can produce results at-par
with the vibration monitoring scheme but does not require
access to the motor. Vibration and current signals are used as
inputs to pre-processors. These pre-processors use various
techniques based on Fourier transform (FT) and Wavelet
transform (WT) for fault detection. These techniques have
been discussed in detail in the next section.

III. Monitoring techniques used for bearing fault detection

As discussed in the previous section, both current and
vibration analysis are used for bearing fault detection. These
parameters are used as input to a pre-processor for the
execution of fault detection algorithm. The preprocessor uses
different techniques for fault detection. Initially, Fast Fourier
Transform (FFT) was used for bearing fault detection. The
fault detection technique has gradually evolved to Discrete
Wavelet Transform (DWT) [25].

A. FOURIER TRANSFORM BASED TECHNIQUE

Motor current signature analysis (MCSA) and vibration
analysis uses FFT as the pre-processor for fault detection and
analysis. This approach is advantageous due to its
computational simplicity but it simultaneously deals with the
drawback of non-applicability on non-stationary signals [26].
Moreover, FFT is unable to give time information about the
spectrum analysis. So pin-pointing of fault is not possible

using only FFT technique. The experimental analysis carried
out in [27] compares the applicability of FFT on current as
well as on vibration signals for the diagnosis of all types of
bearing defects. The tests set up uses a 6205 standard
bearing having 10 balls and operating at a no-load speed of
1708 rotations/min. The supply frequency is 60 Hz. Moreover,
the FFT spectrum corresponding to the different bearing
related faults is shown by Fig.3. Fig.3(a) shows the FFT
spectrum diagram of machine vibration and current signal.
Similarly, Fig.3(b) depicts the FFT spectrum for bearings with
inner race defects. Likewise, Fig.3(c) and 3(d) show the FFT
spectrum of machine vibration and current signals for
bearings having ball defect and train defect respectively.
Furthermore, the numerical validation of the experimentally
obtained fault frequencies is done using the mathematical
relations reported in the literature. The details of the numerical
values of fault frequencies pertaining to vibration analysis
and current analysis along with the equations used for
numerical validation are tabulated in Table I.

The corresponding fault frequency components have
larger magnitude when the machine vibration is monitored as
compared to MCSA. Moreover, the fault frequencies in the
current spectrum generally get suppressed by the
neighboring frequencies and the higher order fault frequency
components are of lesser magnitude. This establishes the fact
that when FT based technique is used the vibration
monitoring gives better results as compared to current
monitoring.

Fault detection of MB ER-10K ball bearings having 8
balls, ball diameter of 0.3125 inch and pitch diameter of 1.319
inch is presented in [28]. The tests were carried out at
different rotating frequencies of 10, 20 and 30 Hz and the
corresponding fault frequencies were both numerically
calculated and experimentally verified. The numerical values
of the bearing fault frequencies for different values of
rotational speed are enlisted in Table II.

The FFT spectrum diagram showing the experimentally
verified numerical values of bearing fault frequencies for 10
Hz rotational speed is given in Fig.4. The changing values of
fault frequencies further establishes the fact that magnitude

TABLE I FAULT FREQUENCIES USING VIBRATION ANALYSIS AND MCSA FOR DIFFERENT BEARING FAILURES OF 6205 BALL BEARING [27]

Type of Equation used for Equation used for Numerically calculated Numerically calculated
bearing fault calculating vibration calculating current vibration spectrum current spectrum

spectrum fault frequency spectrum fault frequency fault frequency (Hz) fault frequency (Hz)

Outer race defect Equation 1 Equation 7 107.4 47.4 & 167.4 for m=1
134.8 & 254.8 for m=2

Inner race defect Equation 2 Equation 7 167.3 107.3 & 227.3 for m=1
284.6 & 384.6 for m=2

Ball defect Equation 3 Equation 7 70.5 10.5 & 30.5 for m=1
81 & 201 for m=2

Train defect Equation 4 Equation 7 18 42 & 78 for m=1
24 & 96 for m=2
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of bearing faults frequencies are directly dependent on the
rotational speed of the motor.

The fact that machine vibration analysis is superior to
current signature analysis is also validated in [23]. This work
also concludes that performance of the same bearing in
different installations is not comparable. Furthermore, in
connection with the comparison of vibration and current
monitoring for bearing fault detection, Trajin et al proposed a
vibration spectral energy detector and an automatic detector

based on current spectral energy estimation to diagnose
bearing faults [29]. These detectors have certain limitations
like in case of a variable supply frequency the stator current
spectral indicator can be used for fault detection but when
the machine is running at a constant speed then only
vibration analysis can be used. Apart from this, experimental
analysis has shown that vibrational spectral energy indicator
is more sensitive as compared to the stator current spectral
indicator. The fault indicators in this study are compared to

Fig.3 Frequency spectrum of captured current and vibration data of a motor with faulty bearing having (a) outer race fault, (b) inner race
fault, (c) ball defect and (d) train defect of a 6205 ball bearing [27]

TABLE II FAULT FREQUENCIES OF MB ER-10K BALL BEARING AT DIFFERENT ROTATIONAL SPEEDS USING VIBRATION SPECTRUM [28]

Type of Equation used for Fault frequency Fault frequency for Fault frequency for Fault frequency for
bearing fault calculating vibration multiplier rotational speed of rotational speed of rotational speed of

spectrum fault frequency 10 Hz (Hz) 20 Hz (Hz) 30 Hz (Hz)

Outer race defect Equation 1 3.052 30.52 61.04 91.56

Inner race defect Equation 2 4.948 49.48 98.96 148.44

Ball defect Equation 3 1.992 19.92 39.84 59.76

Train defect Equation 4 0.3815 3.815 7.63 11.445
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the scalar indicators. For a discrete signal x, three major scalar
indicators such as the Crest Factor, the K factor and the
Kurtosis [30] are defined as
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The growth in indicates the presence of a bearing fault.
Whereas and have to be compared to the respective
thresholds in order to diagnose the presence of a fault.

Another model developed by Immovilli et al. in 2013 used
externally induced vibration for the simulation of bearing
defects [31]. The kinematic model designed in this study is
shown in Fig.5. As per the diagram, during downward and
upward movement of the shaft, the equivalent stiffness
becomes equal to andrespectively. Under no fault condition.

It is evident from the reported studies that FT based
techniques have mainly been concentrated on the spectral
analysis of machine vibration and motor current. It has been
experimentally and analytically proved in the studies that
vibration monitoring gives more accurate results as compared
to current monitoring. This leads us to the conclusion that
vibration monitoring is better than current monitoring for
bearing fault detection and diagnosis.

B. WAVELET TRANSFORM BASED TECHNIQUES

WT is used to overcome the drawbacks associated with
the FT based technique i.e. non-applicability to non-

stationary signals and resolution problems. WT uses a
‘variable window function’ for different values of frequency
and time to solve the resolution problem [32]. The width of
the window is chosen in such a way that the signal
corresponding to that window can be assumed to be
stationary in nature. WT decomposes a time domain signal
into a number of frequency groups thus providing a very
efficient alternative to Short Time Fourier Transform for the
analysis of non-stationary signals [33]. The frequency
separation using WT is shown in Fig.6. WT has another
advantage that it can be used for analyzing a signal in
transient state which cannot be done using FT.

Fig.4 Vibration spectrum of bearing fault frequencies at a rotational
speed of 10 Hz of a MB ER-10K ball bearing [28]

Fig.5 Kinematic model of bearing stiffness [31]

Fig.6 Frequency separation using wavelet decomposition [27].

Literature survey shows that the process of bearing
damage detection using WT has mainly been concentrated
on the analysis of motor current. Vibration monitoring using
WT still remains a relatively unexplored zone. In 2001 L. Eren
et al proposed a wavelet based technique for bearing damage
detection by analyzing the starting current transient of an IM
[34]. In this study the starting current transient of an
induction motor has been analyzed using DWT to diagnose
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bearing fault. Furthermore, the frequency sub bands before
and after the fault are compared to analyze the effect of fault
frequencies when the motor starts. The authors in [35]
proposed a WT based technique for the isolation and
identification of dry bearing faults in induction machine. In
this study, raw data obtained from physical machine
parameters for isolation and identification of dry bearing faults
is treated. Different families of WT have been introduced and
implemented with vibration signals. Mexican Hat Wavelet is
seen to give most satisfactory results. It has also been
concluded in the study that WT cannot detect multiple faults
at a time. But WT and FT together can be used effectively to
extract information about the condition of the machine.

Therefore, the reported studies of bearing fault detection
using WT leads us to conclude that the process of bearing
fault detection is mainly concentrated on current signature
analysis. It is already established in the literature that
vibration spectrum is more accurate as compared to MCSA.
Thereby, using WT vibration spectrum is likely to yield way
better results than the ones already available. Literature
survey also reveals that multiple faults cannot be detected
using WT. This is mainly because faults like bearing damage
and rotor bar damage have very similar spectrums. So to
differentiate between the vibration spectrums, motor has to
be switched off and if the vibration still persists then it is an
indication of the presence of bearing faults. Literature survey
also suggests that a combined use of WT and FT will give
accurate results and will aid in the process of fault pin-
pointing.

IV. Conclusions

A detailed literature survey of bearing fault monitoring
techniques leads to a number of conclusions. Firstly, it is
evident from the available literature that current and vibration
are predominantly used as inputs to the preprocessor for
signature analysis. The monitoring techniques are mainly FT
and WT based.

Literature on FT based analysis of motor current and
machine vibration confirms that vibration monitoring is better
than current monitoring for bearing fault detection and
diagnosis. On the other hand, WT based analysis for bearing
fault monitoring still remains relatively unexplored. The
limited amount of study done in this regard is concentrated
on the analysis of motor current. As established in the
literature, vibration analysis is superior to MCSA; therefore,
a large domain of bearing fault monitoring using WT based
analysis of machine vibration remains unexplored. Another
important finding from the literature survey is the incapability
of WT to detect multiple faults at a time. This is because of
the similar nature of the spectrum related to the respective
faults.

 Moreover, it is also proven that the use of either FT or
WT alone is inadequate to carry out the process of bearing

fault pin-pointing. Whereas, the combined use of FT and WT
shall give very accurate results and will consequently aid in
the pin-pointing of bearing fault.

 The present work illustrates the relevant concepts,
mathematical equations and results related to the traditional
bearing fault monitoring techniques, taken from various
publications of different authors.
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