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Abstract – In modern industrial environment, the demand for 
the condition monitoring and the maintenance management for 
the induction motor has been increased. Among all the 
components of the induction motor, bearing is the critical 
component and the fault occurring in it has to be considered as a 
major issue. Usually, the bearing fault can be detected by the 
vibrational analysis. However, this method has a disadvantage 
that location of the equipment is not always easily accessible and 
also quite costly. Thus, in this paper, the experiment for detecting 
the fault in the bearing of the three phase induction motor is 
achieved by the frequency selection in the stator current 
spectrum. Their feature was evaluated by Fast Fourier 
Transform and the diagnosis was performed by Support Vector 
Machine. Experimental results were obtained, considering two 
types of outer raceway bearing faults at different load conditions 
and the promising results were obtained. 
 

Index Terms—Spectral analysis, induction motor, bearing 
damage, condition monitoring, stator current, fault diagnosis, 
Support Vector Machine. 

I.   INTRODUCTION 
Having various advantages like easy handling, low cost, 

high reliability, high efficiency, robustness and the availability 
of the power converters makes the induction motor as most 
suited for the industrial applications. In many industries, 
however, the induction motor is being operated without proper 
maintenance and condition monitoring. When we visualise 
from the economical point of view, maintaining the induction 
motor properly and replacing the faulty motor is quite cheaper, 
rather than letting the faulty motor to shut down the entire 
company. Therefore, proper maintenance and condition 
monitoring is adequate to make the motor sustainable for a 
longer duration.  

For the last couple of decades, numerous technique has been 
developed for identifying the fault in the electrical machinery 
and many types of researchers are still undergoing. Among all 
the mechanical failure, bearing faults are the most common 
faults in an electric motor followed by the stator faults and 
rotor faults according to the induction motor reliability study 
[1]-[3]. These bearing failure may cause the industry to shut 
down, loss of production and even it may create an origin for 

catastrophic effect and human casualties [4]-[5]. The detection 
of the bearing fault at the incipient stage will avoid the 
unexpected breakdown and automatically increase the 
reliability of operation [6]-[8].  

Most of the research for detecting the bearing failure is done 
based on the vibration analysis [9]-[11]. Although this method 
is quite effective, the analysis will vary based on the location 
of the equipment and so it is difficult for choice and positioning 
of the sensor. In order to overcome the disadvantage of the 
above method, detection is done by means of the stator current 
[12]-[14] so that choice and positioning of the sensor are not 
required. Some of the other bearing fault detection methods are 
based on time domain analysis [15]-[17] and electric current 
analysis [18]-[21]. Both the analysis produced promising 
results and gained prominence.  

In most of the cases, the artificial bearing fault was 
introduced as hole [20], [22]-[24]. In order to explain the 
objective of this paper, a short overview of the result is 
discussed. As a case, Valeria et al. [22] carried out the 
experiment for the hole of diameter 2.3 mm and 2.8 mm and 
able to distinguish the healthy motor and faulty motor. The 
detection of bearing fault is achieved by spectral kurtosis and 
envelope analysis of stator current. However, no results were 
obtained regarding the smaller size of the hole. Also, Christelle 
and Kay Hameyer [23] carried out the diagnosis for two lower 
level width of the hole. The fault examination and diagnosis 
are carried out by means of the linear discriminant analysis of 
stator current features from the selected frequency components. 
Although the faulty motors are distinguished from the healthy 
motors, the difference between the two types of fault cannot be 
observed by this method.  

The authors have carried out researches to establish a simple 
and reliable diagnosis method for broken rotor bar and bearing 
of a cage induction motor based on the load current [25]. In 
this previous paper, it was found that the method is suitable for 
broken rotor bar as well as for identifying even a slight 
mechanical failure. That is, both the classification and 
specification of number of rotor bar can be achieved by this 
method. However, authors have done partial investigation in 



 

 

 

diagnosing the fault occurred in bearing of induction motor. 
 Thus, the objective of the present paper is to establish a 
method to diagnose not only the difference between the 
healthy motor and faulty motor, but also the difference 
between two types of faulty motor by considering the rotating 
speed of the induction motor. Analysis is carried out by 
characterising the frequency spectrum of the load current and 
to be considered as the main feature. In order to enhance the 
accuracy of the proposed method, a novel diagnostic method 
is proposed with the help of Support Vector Machine (SVM).  

This paper is organised as follows: Section II gives a brief 
description of the types of bearing damage and the analytical 
calculation of the outer raceways effects. In section III, the 
experimental setup and types of bearing faults used in the 
present study are discussed. Section IV describes the FFT 
analysis and the feature extraction. Section V presents the 
SVM diagnosis method. Finally, the conclusion and the future 
task is discussed in section VI. 

II.     LOCALIZATION OF BEARING FAULTS 
 In general, bearing faults can be categorized as two types. 
They are distributed faults and localized faults [26]. Among 
the two types of faults, distributed faults can affect the whole 
current spectrum and it is highly difficult to characterize them 
based on the distinct frequencies. On the other hand, localized 
faults can be easily characterized. Normally, single-point 
defects are localized faults and that can be easily classified 
according to their affected element [18]. In fact, many research 
works have been focusing on the single-point defects [27]-[29]. 
In contrast, single-point localized defects can be classified as 
the following: outer raceway defects, inner raceway defects, 
ball defects and cage defect. 
 Normally, the bearing consists of outer and inner raceway, 
and both these raceways are separated by the rolling elements 
like balls or cylindrical rollers. Suppose, if a damage occurs in 
the bearing, then there is a possibility for shock pulses with 
characteristics frequencies to occur. This incident happens 
when the ball or rolling element passes through the damaged 
portion. Mainly, characteristic frequency components depend 
on the damaged part of the bearing and we are able to calculate 
them by means of the geometry of the rolling elements and the 
mechanical rotating frequency fr. A detailed calculation of 
these analysis can be found in [30].  

Among the single-point localized defects, outer raceway 
defects is discussed in this paper. The characteristic frequency 
takes the following expression.  
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 Also, it has been statically shown in [31], that the 
characteristic frequency can be approximated by the number 
of roller bearing between 6 and 12. It takes the following 
expression. 

rbo fNf 4.0                           (2) 

Where Nb is the number of balls or bearing rollers, β is the 
contact angle between the ball and raceway, Db is the diameter 
of the ball or bearing roller, Dc is the diameter of the cage.  

 TABLE I 
DATA OF THE BEARING 

 
 
 
 
 
 
 
In the present study, cylindrical roller bearing is used and 

the hole is created by drilling the outer raceway. The 
characteristic fault frequency for the outer raceway defects is 
calculated based on the geometric specification of the bearing 
as illustrated in TABLE I. According to [4], the contact angle 
is 0  for the case of cylindrical roller bearing. Therefore, 
based on the specified values of the bearing, the characteristics 
frequencies from the equation (1) and (2) attains the value of 
87.5 Hz and 108 Hz. The mechanical rotating frequency fr of 
induction motor is 30Hz. 

III.   EXPERIMENTAL SETUP AND FAULT DESCRIPTION 
 Fig. 1 shows the experimental setup to record the current 
and voltage waveform for detecting the bearing fault. Using 
the current probes (HIOKI 9696-02) and voltage probes 
(HIOKI 9666), both the current and voltage were measured at 
the given rotating speed. Also, the rotating speed was 
monitored with a speed indicator (ONOSOKKI HT-5500). 
Outputs from the sensor were recorded simultaneously with 
the measurement system developed by the authors. Also, the 
various output signal from the different sensors was transferred 
to the PC through the measurement equipment and are 
recorded. This measurement equipment has eight BNC input 
terminals and A/D converters. The sampling time is set to 10 
µs and the data recording length is 217 per channel. Also, the 
frequency resolution is 0.76 Hz. In the prompt study, 7 
channels (3 current, 3 voltage and rotating speed) were used. 
The data acquisition was triggered for every 30 s by a timer 
and it should be noted that the time required for the data 
transfer of 7 channels was less than 20 s. 
 A three phase induction motor (2.2 kW, 200 V, 8.5 A, 1740 
min-1) was used as a specimen. The stator winding is a double 
star connection. Typically, it is tedious and costly work to 
collect the motors with the damage in the bearing, which 
occurred during the operation at the site. Due to this reason, in 
the present study, a two type of artificial faults was introduced 
to the outer raceway of the bearing in the induction motor. 
Three types of bearing conditions are discussed: one healthy 
and two bearings with the artificially made holes. The details 
about the specification of the hole are listed in TABLE II. The 
healthy motor was tested for reference under the same 
condition before the artificial hole was made. 
 The bearing with two types of artificial fault is shown in Fig. 
2. Also, the procedure of analysis for diagnosing the bearing 

Bearing specification Dimension 
Inner diameter d 25mm 

Outer diameter D 52 mm 
Roller diameter Db 13.5 mm 
Cage diameter Dc 38.5mm 

Number of balls Nb 9 



 

 

 

fault is shown in Fig. 3. The experimental work begins with 
the observation made in the healthy motor. After that, the 
healthy bearing was replaced with the faulty bearing  

 
Fig. 1.  Experimental Setup. 

 
 

TABLE II 
HOLE SPECIFICATION 

 
 
 
 
 

 
 

Fig. 2.  Bearing with a hole 0.5 mm (left) and hole 2 mm (right). 
 

 
Fig. 3.  Analysis Procedure. 

 
of hole 0.5 mm and performed the same analysis which has 
been carried out for the healthy bearing. Later, once again the 
experiment was carried out by changing the dimension of the 
hole in the bearing to 2 mm and the same analysis was 
performed. The rotating speed was adjusted from 1780 min-1 
to 1765 min-1. 
 For easy understanding of analysis, the following 
description will be applied in this paper: HF1: Comparison 
between the healthy motor and fault motor with the bearing 
hole of 0.5 mm. HF2: Comparison between the healthy motor 

and faulty motor with the bearing hole of 2 mm. F1F2: 
Comparison between the two faulty motors with the bearing 
hole of 0.5 mm and 2 mm. HF1F2: Comparison between the 
healthy motor and faulty motors with bearing hole of 0.5 mm 
and 2 mm. Totally four analysis has been made in this paper.  

IV.   INVESTIGATION ON FREQUENCY SPECTRAL ANALYSIS 
AND FEATURE EXTRACTION OF LOAD CURRENT 

 The proposed method is evaluated by means of measuring 
the stator current. The current signals are collected from the 
healthy motor and two types of the faulty motors under various 
rotating speed. The measurement was carried out under the 
load condition. Both the frequency spectrum analysis and the 
feature extraction are based on the value of the stator current 
under three types of bearing conditions.   

A.    Frequency Spectral Analysis 
 FFT analysis of the U-phase load currents was performed 
for all the three types of bearing conditions. For the clear view 
of explanation, 1780 min-1 rotating speed is selected. The 
compared frequency spectrum of the load current at the given 
condition HF1, HF2, F1F2 and HF1F2 are shown from Fig. 4 
to Fig. 7, respectively. The amplitude of the vertical axis is 
normalized so that the maximum level of frequency spectrum 
to be 0 dB. The frequency of the power source is 60 Hz. This 
condition is common for all the four analysis.  
 At the frequency of 87.5 Hz and 108 Hz, the difference in 
the amplitude of the frequency components was not observed. 
Due to this reason, for all the four analysis (HF1, HF2, F1F2 
and HF1F2), the amplitude difference of the frequency 
component is observed at the frequency of 30 Hz and 90 Hz 
with respect to other frequencies. There is a reason why the 
amplitude difference is observed at the frequency components 
of 30 Hz and 90 Hz. The explanation will be illustrated as 
follows: 
 In general, in the case of 4 pole induction motor, the 
synchronous speed Ns is 1800 min-1. By this it is clear that, the 
motor rotates at 30 revolutions per second and the concerned 
frequency is 30 Hz. On overview, both the frequency 30 Hz 
and 90 Hz is not included in the power supply voltage (60 Hz). 
However, the current flowing in the motor is affected by two 
components: rotating speed and the two signal (30 Hz and 90 
Hz) that appears in the spectrum of the current as a sideband 
of fundamental frequency component of the supplied voltage. 
As an illustration, for the case of 1780 min-1, the motor rotates 
at 1780/60 (revolutions/sec) and it takes a value of 29.67 Hz. 
In general, when the motor rotates at 1780 min-1, two signals 
will be appeared in the spectrum of the current. They are 30.33 
Hz (60Hz-29.67Hz) and 89.67 Hz (60Hz+29.67Hz).  
 Also, it is evidently known fact that frequency of the current 
spectrum will change according to rotating speed. But still for 
other three rotating speed (1775 min-1, 1770 min-1 and 1765 
min-1), the changes in the amplitude of load current is observed 
at the same frequency level 30 Hz and 90 Hz. This is due to the 
frequency resolution of the measured equipment involved in 
the proposed system is 0.76 Hz. As a result of low frequency 
resolution, it is highly impossible to discriminate the changes 

Load 
current 
analysis

Frequency 
spectral 
analysis

Feature 
extraction SVM

Fault type Diameter (mm) Depth (mm) 
F1 0.5 1 
F2 2 1 



 

 

 

that will happen in the frequency of current spectrum features. 
Thus the frequency component 30 Hz and 90 Hz plays an 
important role in scrutiny the spectral analysis. 

 
Fig. 4.  Spectral analysis for HF1 at 1780 min-1. 

 
Fig. 5.  Spectral analysis for HF2 at 1780 min-1. 

 
Fig. 6.  Spectral analysis for F1F2 at 1780 min-1. 

 
Fig. 7.  Spectral analysis for HF1F2 at 1780 min-1. 

 
Fig. 8. Feature distribution at 1780 min-1. 

 
Fig. 9.  Feature distribution at 1775 min-1. 

 
Fig. 10.  Feature distribution at 1770 min-1. 



 

 

 

 
Fig. 11.  Feature distribution at 1765 min-1. 

As a result of a change in the amplitude of the frequency 
component, the authors can distinguish both the healthy motor 
and faulty motor, irrespective of the bearing condition. The 
key point to be noted is that it is not only the healthy motor 
gets differentiated from the faulty motor, but also the authors 
are able to distinguish the two types of faulty motor. The 
change in the amplitude of the frequency component between 
the two types of bearing condition (Hole of 0.5 mm and 2 mm) 
is observed. Therefore, these levels are considered as one of 
the significant features in the present study.  

B.    Feature Extraction 
 For both healthy motor and faulty motors, the contribution 
of each feature is evaluated for all the considered load 
condition. Feature distribution at the frequency level of 30 Hz 
and 90 Hz for all the three types of bearing condition with 
respect to rotating speed (1780 min-1, 1775 min-1, 1770 min-1 
and 1765 min-1) is shown from Fig. 8 to Fig. 11. These features 
obtained under the given condition gather closely to each other 
and are distributed in a limited class. The location of the 
distributed class depends on the rotating speed and the bearing 
condition.  
 It is clear that, while taking the individual rotating speed of 
the induction motor into consideration, the class of the faulty 
motor (Hole of 0.5 mm and 2 mm) is located far away from the 
healthy motor. Another interesting point to be considered is the 
class of the faulty motor with a hole of 0.5 mm located apart 
from the faulty motor with the hole of 2 mm. Both these holes 
has the own class of location according to the bearing 
condition and rotating speed. Thus, this method is effective in 
diagnosing the three types of bearing condition.    

V.   DIAGNOSIS VIA SUPPORT VECTOR MACHINE 
 In this section, diagnosis is performed with the help of 
Support Vector Machine and the accuracy of the result is 
discussed. 

A.   Explanation of SVM 
 SVM is used as a tool for the diagnosis in the present study. 
Its concept is described shortly. SVM is one of the diagnosing 
tools which determines recognition results by categories, and 
that can be attained after evaluating similarities of an input 
pattern with respect to categories, on the basis of the previous 

recognition results of training data [32]. This SVM was 
originally introduced to the classification of linear classes of 
objects. In addition to performing linear classification, it can 
efficiently perform a non-linear classification using the kernel, 
implicitly mapping their inputs into high-dimensional feature 
spaces.  

In this present study, Soft Margin SVM was applied to a two 
or three-class model of an induction motor in order to diagnose 
the mechanical failure. R language was used as a programming 
tool. In Soft Margin SVM, we have two important parameters: 
cost parameter C and gamma parameter γ. Generally the cost 
parameter C is introduced to control the trade-off between 
maximizing the margin and minimizing the training error. On 
further, Radial Basis Function kernel is used, which is a 
commonly used as a kernel function in support vector. Mainly, 
the definition of the kernel involves gamma parameter γ.  

In addition, both the tuning of parameters C and γ were 
carried out by 8-cross-validation. Initially, the data was 
divided into 8 groups. The data’s from Groups 1 to 7 were used 
for training data. And finally the data from Group 8 was used 
for evaluation data. Evaluation data is used for obtaining the 
diagnosis accuracy rate. Then, by changing the group 
alternatively for evaluation, 7 successive accuracy rates were 
obtained. Finally, the average accuracy rate was calculated. 
The above said process was repeated for different values of C 
and γ. As a result, the value 1.0 and 0.333 were adopted for C 
and γ, respectively. Obtaining the optimum parameter values 
will be a tedious process, however the process that we have 
followed would be practically acceptable.  

B.   Diagnosis Procedure 
 Diagnosis based on the SVM was performed. This diagnosis 
is carried out by considering the individual rotating speed of 
the induction motor for all the three types of bearing condition. 
Specifically, the analysis is done on the three types of bearing 
condition with respect to rotating speed. As an illustration, for 
the case of single rotating speed, around 80 sets of load current 
data were obtained for the condition HF1, HF2 and F1F2. Each 
data consists of two components that are the amplitude of 
frequency components at 30 Hz and 90 Hz. Among the 80 sets 
of load current data, 60 data were used as a training data and 
the remaining 20 data were used as a verification data. 
Similarly, for the case of HF1F2, among the 120 sets of load 
current data, 90 data were used as a training data and the 
remaining 30 data were used as diagnosis data. With respect to 
bearing condition (HF1, HF2, F1F2 and HF1F2), the diagnosis 
was performed by using SVM for all rotating speed (1780 min-

1, 1775 min-1, 1770 min-1 and 1765 min-1). In this paper, the 
accuracy rate of the diagnosis is defined as  accuracy rate (%) =           × 100         

(3) 
 Based on the above mentioned formula, in the present 
analysis, the diagnosis is performed under two trials, trial I and 
trial II.  



 

 

 

C.   Trial I 
 In the case of the trial I, for single rotating speed, among the 
40 verification data, first 30 data have been taken as the 
training data and the rest 10 data as diagnosis data. Likewise, 
the process is done for all rotating speed (1780 min-1, 1775 
min-1, 1770 min-1 and 1765 min-1). The above mentioned 
condition will be applied to the four types of bearing analysis 
(HF1, HF2, F1F2 and HF1F2) and the trial I is performed. The 
accuracy rate of diagnosis for the cases HF1, HF2, F1F2 and 
HF1F2 with respect to 1780 min-1 rotating speed is shown from 
TABLE III to TABLE VI, respectively.  
 A yellow-colored cell reveals the case where the proper 
diagnosis is performed. The level of accuracy rate for all the 
rotating speed concerning the four types of bearing analysis is 
discussed below. 
 

 TABLE III 
TRIAL I DIAGNOSIS RESULT OF HF1 at 1780 min-1 

 
TABLE IV 

TRIAL I DIAGNOSIS RESULT OF HF2 at 1780 min-1 

 
TABLE V 

TRIAL I DIAGNOSIS RESULT OF F1F2 at 1780 min-1 

 
TABLE VI 

TRIAL I DIAGNOSIS RESULT OF HF1F2 at 1780 min-1 

 
1)  1780 min-1: 
 The bearing fault investigation was initially started with the 
1780 min-1 rotating speed. As a result of diagnosis, total 
accuracy rate for HF1, HF2 and F1F2 is 100 %. But for the 
case of HF1F2, the total accuracy rate is slightly decreased to 
96.67 %. It is very clear from the diagnosis result that the high 
accuracy rate is achieved even for the slight mechanical failure 
in the bearing of the induction motor.  
 
2) 1775 min-1, 1770 min-1 and 1765 min-1: 
 The next step of bearing examination is done for the other 
rotating speed. This subsidiary is dealing with the 1775 min-1, 
1770 min-1 and 1765 min-1 rotating speed and its diagnosis 
results were discussed. For all the four cases of bearing 
analysis (HF1, HF2, F1F2 and HF1F2), the total accuracy rate 
of diagnosis is 100 %. This result is similar for all the rotating 
speed cited in this sub-section.  
 In addition to above description and for the sake of clear 
understanding, Fig. 12 is plotted. This fig shows the entire 
combination of the four type of bearing analysis, having 
rotating speed plotted against the x-axis and accuracy level 
against the y-axis. From the Fig. 12, it is evidently proved that 
the proper diagnosis can be done for all the three types of 
bearing condition by considering the rotating speed of the 
induction motor. Also the Fig. 12 shows the accuracy level for 
both the individual rotating speed as well as for the combined 
data of all the rotating speed that is carried out for all the four 
types of bearing analysis HF1, HF2, F1F2 and HF1F2, 
respectively.  

D.   Trial II 
  Trial II is followed by trial I. This trial II is mainly done to 
evaluate the accuracy level of diagnosis and also for the quality 
assurance of the proposed method. In this trial II, for the case 
of single rotating speed 1780 min-1, among the 40 verification 
data, first 10 data has been taken as the diagnosis data and the 
rest 30 data as training data. This system is completely a 
reverse order of trial I. Similarly, it is done for the other 
rotating speed as well (1780 min-1, 1775 min-1, 1770 min-1 and 
1765 min-1).  
 The above mentioned plight will be applied to all the three 
types of bearing condition and the trial II is performed to the 
four types of bearing analysis (HF1, HF2, F1F2 and HF1F2). 
The diagnosis rate for the cases HF1, HF2, F1F2 and HF1F2 
is 100 %. This result is same for all the rotating speed and it is 
openly seeable from the Fig. 13. Thus the proposed system and 
the level of diagnosis rate is practically acceptable by 
considering the rotating speed of the induction motor. 

E.   Further Discussion 
  Thus both the trial I and trial II is performed by considering 
the rotating speed of the induction motor for all the four cases 
of analysis (HF1, HF2, F1F2 and HF1F2). The overall average 
accuracy rate for trial I and trial II is given as 99.17 % and 
100 %, respectively. Thus, it is very clear that difference in the 
accuracy level between the trial I and trial II is negligible. 

  
Bearing condition of target motor 

Healthy Hole 0.5 mm 
Results of Healthy 10 0 
diagnosis Hole 0.5 mm 0 10 

Accuracy rate (%) 100 100 
Total accuracy rate (%) 100 

  
Bearing condition of target motor 

Healthy Hole 2 mm 
Results of Healthy 10 0 
diagnosis Hole 2 mm 0 10 

Accuracy rate (%) 100 100 
Total accuracy rate (%) 100 

  
Bearing condition of target motor 

Hole 0.5 mm Hole 2 mm 
Results of Hole 0.5 mm 10 0 
diagnosis Hole 2 mm 0 10 

Accuracy rate (%) 100 100 
Total accuracy rate (%) 100 

  
Bearing condition of target motor 

Healthy Hole 0.5 mm Hole 2 mm 
 

Results of Healthy 10 0 0 

diagnosis Hole 0.5 mm 0 10 1 

  Hole 2 mm 0 0 9 

Accuracy rate (%) 100 100 90 

Total accuracy rate (%) 96.67 



 

 

 

Almost, the accuracy rate and the total accuracy rate is same 
in both the trial I and trial II. Till now the discussion is done 
by considering the rotating speed of the induction motor.  
 In further, the diagnosis result without considering the 
rotating speed of the induction motor will be discussed. This is 
nothing but the entire combinational data of all the four 
rotating speed. Fig. 12 and Fig. 13 shows the accuracy level of 
diagnosis for the combined data that is carried out for HF1, 
HF2, F1F2 and HF1F2. In this circumstance, the accuracy rate 
for HF1 and HF2 is comparatively high. But the accuracy level 
of F1F2 and HF1F2 is less. The reason behind this is other than 
the rotating speed 1780 min-1 of bearing with 0.5 mm and 1765 
min-1 of bearing with 2 mm, the entire data of remaining 
rotating speed of the bearing with a hole of 0.5 mm and 2 mm 
is getting overlapped. This situation can be clearly understood 
from the Fig. 14. This is the reason that proper diagnosis could 
not be made by neglecting the rotating speed. 

 
Fig. 12.  Trial I diagnosis result. 

 
Fig. 13.  Trial II diagnosis result. 

 

Fig. 14.  Load current distribution of faulty 1 and faulty 2. 
 
 In the future, a method to improve the diagnosis and their 
accuracy level by neglecting the rotating speed of the induction 
motor will be investigated and the applicability of this 
proposed method to other kinds of the motor in the real world 
have to be studied and verified. 

VI.   CONCLUSION 
 In the present paper, through the FFT analysis, both healthy 
motor and the faulty motor can be differentiated under four 
bearing conditions (HF1, HF2, F1F2 and HF1F2). The entire 
analysis is done by considering the rotating speed of the 
induction motor. Their validity of the proposed method is 
verified by the experiments carried out in the laboratory.  
 Furthermore, as a supplementary work, a proper diagnosis 
is done for all the three types of bearing condition with the help 
of SVM. From the diagnosis result, it is clear that, for each 
individual rotating speed, the accuracy level is very high 
(almost 100%). This will be the cogency of the proposed 
system. Therefore, the proposed method has the following 
advantages: 
* High level of accuracy rate is achieved even for the slight 
failure in the bearing of the induction motor.  
* This method has a specific feature that the authors are able 
to distinguish and identify the bearing fault of 0.5 mm and 2 
mm.  
* It can specify the condition of the bearing.  
* This method has an advantage of low cost and short data 
processing time. 
 On the other hand, the proposed methodology is not suitable 
for varying speed applications. In the future, an approach to 
improvising the accuracy level for varying speed applications 
will be investigated by performing further analysis and 
experiments. In addition, future work should also evaluate this 
method for other bearing sizes, setup condition and other faulty 
locations like inner raceway effect, cage effect and ball effect. 
For a better assess of identifying the early fault detection, 
several experiments and more damage level should be included 
in the experimental setup.  
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