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Abstract 
 

This paper develops a new analysis for diagnosis of several bearing defects 

in induction motors using current spectral analysis. Among the various 

electrical machines, induction motors are used in numerous applications 

because of its stalwart structure, simple operation, flexible speed control etc. 

Despite of its advantages, it often undergoes several disorders during its 

functioning in industrial process. Therefore, it is needful to perform 

continuous monitoring over periodical monitoring to avoid unexpected 

shutdown of the industry. This work presents mainly about various bearing 

related faults like outer race, inner race, cage break down fault and ball fault. 

There are many monitoring techniques like Motor current signature analysis, 

vibration Monitoring, Chemical Monitoring, Temperature Monitoring, 

Acoustic Emission Monitoring and Noise Monitoring.Because of its 

advantages like non-intrusive, non-invasive, cost effective current monitoring 

is preferred over the other monitoring techniques stated above. In the 

proposed work, various single and multiple faults related to bearing are 

created manually and responses to these faults areanalyzed through spectral 

graphs. The analysis is done using stator current monitoring withS-transform 

as spectral analysis tool. The proposed topology is tested using MATLAB 

Programming and Experimental setup with 1.5kW,4-pole, 50Hz, three phase 

Induction motor. 
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1 Introduction 

 
In the recent times, induction motors are being used widely as rotating 

machines in various small- and large-scale industries, factories and in other 

major applications. In the real world, it accounts nearly 85% of applications 

out of all the other type of motor applications. This high percent of 

applications is because of the industrial demand for reliable, secure, and 

economic in operation of motor drives and its connected loads [1]. Large 

induction motors with variable speed are mainly used in applications like 

digging, traction. These induction motors are robust in nature and hence are 

used very roughly. Stressful environment of industries, dynamic operation 

along with rapid usage of the induction motor for delivering proper output, 

they may be subjected to some unexpected failure like induction motor are 

prone to various electrical and mechanical faults which may lead to severe 

damage of motor and industrial procedure. Other faults include bearing 

related faults, rotor broken bars, stator winding or armature fault, eccentricity 

fault electrical unbalanced voltage fault etc., [2],[3],[4]. According to 

different surveys done on the faults in an induction motor, on an average, the 

percentage contribution of bearing defects, stator winding related, broken 

rotor related, and other damages are 41, 37, 10 and 12 respectively. These 

faults can have adverse effects on motor and can cause unwanted 

interruptions in motor as well as in the production process. 

It makes a huge impact in terms of economy, time, and quantity of 

production in an industry. The cause of these faults can have a huge impact 

on the operation of induction motor like fatigue failure, fluctuations in speed, 

torque, heating of motor, excessive vibration etc.,[5] .To avoid this hasty 

operation and shutdown of motors, continuous monitoring of faults in the 

motor is essential. The different type of monitoring techniques available are 

Thermal, Magnetic Flux, Temperature, Vibrational, Partial Discharge, Air-

gap flux, Noise, Motor current signature analysis (MCSA) etc [6] [7] [8]. 

Motor Current Signature Analysis is a widely used monitoring technique 

because it is a non-invasive, used for analyzing the energized systems [9], 

[10]. It offers several advantages, including the simplified and noninvasive 

implementation of fault detection techniques. Various spectral analysis tools 

available are fast Fourier transform (FFT) [11], Short time Fourier Transform 

(STFT) [12], music algorithm, wavelet transform [13], [14], Stockwell 

transform (S-Transform).The major steps involved in this process are 

a. Sorting out the different faults based on different parameters. 

b. Studying the effects of different faults 

c. Designing a core MATLAB code through which different faults 
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 can be executed. 

d. Analyzing the faults using S-transform as spectral analyzing 

tool. 

This paper presents the case study done on various bearing faults in an 

induction motor. In section 2,the impact of different bearing faults are 

discussed using formula for each individual bearing fault. Section 3 deals 

with the proposed methodology where notch filter and spectral analysis tool 

(s-transform) are discussed in detail. Section 4 gives the details of the 

experiment setup and case study done on various bearing faults. Section  5 

discusses the simulation and experimental results obtained by comparing 

FFT and s-transform with and without notch filter.   

 
 

2 Impacts of Faults in an Induction Motor 
 

The various types of fault this paper deals with are inner race bearing 

fault, outer race bearing fault, cage break down fault and bearing ball fault. 

These faults can affect the efficiency of the motor greatly [15].  

The impact of these faults can be known by calculating the fault 

frequency for each type of fault. The fault frequency for different type of 

fault can be calculated using the following formulas [16], [17]: 

For Inner race bearing fault: 

 

 

                                                                  (1)                                                                                        

 

For Outer race bearing fault: 

 

                                             (2)                                                                                        

 

For Cage break down fault: 
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For Ball Defect: 

 

                                                     (4)                                                                                    

 



                                                                                                                  
 

 

 

 

 

 

 
1881   Deekshit Kompella et al  

 

Where bd is ball diameter, pd is pitch diameter,  is the contact angle 

and generally 0
0
, n is the number of balls and  is rotor frequency. The fault 

frequencies imposed into stator current due to these vibrating frequencies are  

 

                                                                           (5) 

                                                                                                         

 Where fs is supply fundamental frequency and ff is fault frequencies due to  

eq (1) to (4). 

 

 

3 Proposed Methodology 
 
3.1 Notch Filter 
 

A filter is a process that removes the unwanted disturbances from a 

signal. There are many ways of classifying the filters based on several factors 

like linear or non-linear, time variant or time-invariant, causal or non-causal, 

analog, or digital etc. Basically, a notch filter is a band-stop or band rejection 

filter which can remove the specified frequencies from the spectrum of 

signals. Finite Impulse Response (FIR) and Equiripple filters are the two 

different types of notch filter where finite impulse response filters help in 

reducing the smearing steps and impulses [18]. Figure 1 shows the amplitude 

plot of notch filter ,although it can provide some good characteristics, these 

are dominated by some of its cons like need of high number of coefficients. 

Using differential equations, the dynamic behaviour of the notch filter is 

calculated given in [19]. 

 

 

 
Figure 1 Amplitude plot of Notch Filter 
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3.2 S-Transform 
 

S-Transform is a time-frequency spectral localization method which is 

same as short time Fourier transform but has a window function that varies 

inversely with the frequency and height that varies linearly with the 

frequency. The S-Transform helps in obtaining maximum phase angle and 

maximum magnitude for various bearing conditions whose SD of these 

graphs are used to estimate the fault [20]. S-Transform was first given by 

Stockwell in 1994 and hence the name S-Transform. In general S-transform 

can be defined as the continuous wavelet transform involving the phase 

correction factor [21].  The STFT of a healthy signal i(t) is given by 

 

                      (7)                                                                 

 

 Where   is localization of spectral components and fis its Fourier 

frequency, and the window function is denoted by g(t). The S-transform of a 

required signal can be obtained by replacing g(t) with following Gaussian 

function.  

 

                                                                                  (8)                                       

 

The S-Transform can be defined as follows 

 

                                              (9)                                 

 

Continuous Wavelet transform and S-Transform are related as  

 

                                                                    (10)                                  

 

      Where W( ,d) is defined as 
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                                             (11)                              

 

Here factor d is the inverse of the frequency f. Hence 

  

                                            (12)                                 

 

The generalized S-Transform is given by [16] 

(13) 

                                                                        

 

Where ω denotes the S transform window shown as 

 

                                                                              (14)                           

4 Experimental Setup and Case Study 
 

The experimental set-up includes a 3-phase induction motor of 1.5kW, 

2HP, full load speed of 1430RPM, 50 HZ and 415 V. The other equipment 

used includes a LA55p current sensor made by LEM that senses the flow of 

starter current, NI-MyRIO, which converts the acquired analog current to 

digital with required sampling frequency. A laptop with LabView software 

installed is used to store the current signals and processed with MATLAB 

programming in offline. The total arrangement along with used equipment is 

shown in Figure 2. The proposed fault detection topology is verified using 

both simulation and experimental procedure. In the simulation part, the 

healthy and different faulty currents are modeled using programming and 

tested with the proposed methodology. 

The same will be repeated for real time environment using above 

mentioned equipment. In the experimental verification, the stator current is 

acquired under healthy and various faulty conditions like, outer race, inner 

race, cage and a multiple fault with inner and outer race damaged. The Outer 

race and inner race bearing faults are created with 2 holes of 5mm diameter 

each using electrical discharge machine and are inserted one after the other 

into induction motor. Similarly, holes are made on both inner race and outer 

race with same thickness for multiple fault condition. A bearing with broken  
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cage in between the balls is also taken and replaced with the healthy bearing. 

NI-MyRIO collects the stator current at 10 kHz sampling frequency. The 

bearings used for various proposed faulty conditions are shown in Figure 2. 

The respective fault frequencies generated in stator current under no load 

condition are tabulated in Table 1.  

 

 
        Figure 2 Experimental Setup for bearing fault detection 

 

(a) Inner race Fault (b) Outer race Fault

(c)  Cage Fault (d) Combined Inner 

and Outer race Fault  

                         Figure 3 Bearings with different faults 
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Table 1 Various fault frequencies at no load. 

 

NAME OF FAULT K=-1 K=1 K=-2 K=2 

OUTER RACE 39.49 139.49 128.98 228.98 

INNER RACE 85.14 185.149 220.298 320.298 

CAGE  40.05 59.94 30.11 69.88 

BALL DEFECT 8.86 108.86 67.72 167.72 

 

5 Result Analysis 
 

In this chapter, the detailed discussion of both simulation and 

experimental results of proposed topology for various single and multiple 

faults have presented. In both the cases, the dominant components like 

fundamental frequency and its harmonics are eliminated using multiple notch 

filter. In the notch filter, notches are provided at 50Hz, 250Hz, 350Hz and 

550Hz to elevate the faulty components in both the cases. After the 

elimination of dominant components, the retained components in stator 

current are analyzed using Stock well Transform (S-Transform) and in the 

later stage, a feature extraction parameter namely entropy is calculated to 

indicate the severity and its existence of a particular type of fault. The 

detailed results are presented in the following subsections. 
 
5.1. Simulation Results 
 

In this simulation process, the bearing fault frequencies for various faulty 

conditions are taken from Table.1 and programmed in MATLAB to generate 

stator current under various conditions. To affirm the strength of proposed 

fault detection topology, various fault current at different magnitudes are 

developed and evaluated. The stator current with Outer race, inner race, cage, 

and ball defect faults are developed with fault current magnitude of 0.001A, 

0.01A and 0.1A to test the robustness of developed algorithm. Instead of 

EMI and sensor noise, AWGN with SNR of 30 is incorporated in healthy 

current.  Healthy current along with various magnitudes of faulty current are 

plotted in Figure 4 and is observed that, in time domain analysis it is difficult 

to distinguish the faulty current from healthy case due to severe impact of 

noise. Therefore, the frequency domain analysis using conventional power 

spectral density based FFT is performed before and after notching the 

dominant components and is plotted in Figure 5. 
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Figure 5. shows that, fundamental component and its harmonics are 

dominated and suppressed the faulty components in without notch filter case. 

Therefore, these components are eliminated using notch filter and is 

identified that, the fault components are not visible due to noise. In this 

regard, feature extraction parameter namely entropy is calculated for each 

fault and is presented in the following. As mentioned in the chapter 3, the 

fault severity is estimated by taking the ratio for faulty entropy to healthy 

entropy of signals. 

The severity is estimated based on the deviation of FIP form 1. Under 

healthy condition, both the parameters in the ratio must have same value and 

gives 1. Under faulty condition, the numerator should be high compared to 

denominator depending on its severity. Simultaneously, advanced signal 

processing tool S-Transform is applied for all the signals to improve the 

resolution of the power spectrum. The S-Transform of ball defect without 

and with notch filter is shown in Figure 6 and is observed that, the severity of 

noise is still existed even using notch filter. Therefore, the FIP based fault 

severity is executed and plotted for outer race, inner race, cage and ball 

defect are shown in Figure 7 to Figure 10.  Form these figures it is observed 

that, FFT without notch filter has shown 1 for every case even for severe 

fault and may lead to wrong decision about fault. After notch filtering, FFT 

values slightly increased and for some cases in Figure 8 & 9 is drastically 

down due to severe impact of noise and may lead to confusion. Whereas for 

S-transform based notch filter, the FIP is correspondingly raised with respect 

to severity of fault and give clear picture about fault. 
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Figure 4 Stator current with healthy and faulty currents with various 

magnitudes. 

 

 

Figure 5 Power Spectral Density of Ball defect without and with Notch Filter 

From the simulation results it can be observed that, the signals in tme 

domain analysis, frequency domain analysis using FFT without notch filter 

and with filter, S-transform based spectral analysis without and with filter 

have dominated components especially when fault is at pre-metured stage. 
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 But using FIP the fault severity can be easily and correctly observed 

especially using S-Transform. 

 

 

               Figure 6 S-Transform of ball defect current  without and with notch filter 

 

Figure 7 FIP for stator current under outer race fault condition.    

 

Figure 8 FIP for stator current under inner race fault condition. 
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                  Figure 9 FIP for stator current under cage fault condition 

 

                      Figure 10 FIP for stator current under ball fault condition 

 

5.2 Experimental Results 
 
     In real time environment, verification of proposed way of fault detection, 

various categories of faults are created and tested practically with the same 

specifications used for simulation. As a part of testing, 2 holes on outer race, 

2 holes on inner race, break on cage and combined inner and outer race faults 

are created with workshop tools and the respective currents are acquired 

using proposed experimental setup shown in chapter-3. 
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The acquired stator currents under various conditons are shown in Figure 

11 and observed that, stator current under practicall conditions have very less 

noise compared to simulation case, but have more harmonics. As in the 

simulation, along with fundamental component only few harmonics like 5
th
 , 

7
th
 and 11

th
 orders with huge noise is exicted where as in the experimental 

case, all harmonics including odd and even order due to the improper design 

of the machine. This leads to misunderstanding in design of notch filter to 

provide sufficient number of notchs and may allow these componnets along 

with fault freqiuencies. The power spectral density of outer race fault without 

and with notch filter are shown in Figure 12.  

 

 
Figure 11 Acquired motor current under various conditions of the bearing 

 

Figure 12 PSD of outer race fault without and with notch filtering 
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From the Figure 12 it is observed that, the PSD of outer race fault have 

huge number of harmonic frequencies even after notch filtering. Therefore, 

the S-transform based spectral analysis is carried out as like simulation case 

and is plotted in Figure 13. Even the s-transform based spectral analysis is 

also failed to elevate the fault component in the stator current spectrum and 

required feature parameter-based analysis. Therefore, the entropy of both 

healthy and fault currents using FFT and S-Transform for both without and 

with notch filtering are computed and plotted in Figure 14-15.  

 

 
Figure 13 S-Transform based current spectrum of outer race fault without and 

with notch filtering 

 

In Figure 14 the PSD based FIP of all fault are shown and is conclude 

that, the entropy of all faults except cage defect is very high and is 

drastically decreased after notch filtering. Then it is understood that, the 

contribution of fundamental and its harmonics in evaluating FIP are very 

high and does not have any impact after notching these components. 

Therefore, FFT based FIP is not enough to decide about development and 

existence of fault in induction motor. Then the S-transform based FIP 

calculation is shown in Figure 15 and is observed that in all cases of fault, 

the FIP is raised after notch filtering and is observed that the fault 

component is elevated using S-Transform. Therefore, it can be concluded 

that, the fault components are clearly elevated using S-transform based FIP 

and the severity may also estimate reliably. 
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Figure 14 Bar graph of fault indexing parameter (FIP) for various fault using FFT 

 

Figure 15 Bar graph of fault indexing parameter (FIP) for various faults using S-

Transform 
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6 Conclusions 
 
   In this paper, condition monitoring of an induction motor using motor 

current signature analysis along with S-transform is proposed and reliability 

of fault diagnosis algorithm is improved using notch filter and feature 

extraction parameter as fault indexing.  

   The faults that are diagnosed in this paper are outer race, inner race, cage 

and combined faults in both simulation and experimental environment. For 

every fault, the fault signal in time domain, it’s Periodogram Power Spectral 

Density Estimate, and the spectral analysis is taken in MATLAB and are 

presented in the results. Thus, the S-transform based FIP has very good 

indication for all faults especially after notch filtering. Further the notch filter 

may be designed using all the components available in healthy spectrum of 

stator current. 
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