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Abstract—Although detection of bearing faults from vibration 
signal has been extensively used, detection using electrical signal 
such as the stator current has also proven to be interesting and 
relevant, but improvements of the stator current spectrum are 
necessary so as to assist in a more readable signal. In this paper, 
two improvements have been proposed and discussed. Firstly, the 
proposition of a designed and realized anti-aliasing filter to be 
inserted in the acquisition chain so as to improve the processed 
signals quality. Secondly, the proposition of a developed 
algorithm to enable the maxima localization in a given frequency 
band for a more readable stator current spectrum. The 
experimental results obtained, show the merit and effectiveness 
of the proposed contribution. 

Keywords—Bearings faults; Current Spectrum;  Antialiasing 
filter; Maximum localization.  

I. INTRODUCTION 
The development known to human kind in various sectors 

has lead to the increase use of electric motors which have 
become very important and essential in many industrial 
applications. Indeed, an unexpected shutdown of these motors 
could have very serious consequences in certain critical 
services such as medical, transportation, or during military 
operations. In industry these failures not only can cause the 
shutdown of the entire production chain resulting in huge 
financial losses but may also affect the human safety and the 
service quality [1].  

Among the major components that constitute the vast 
majority of electrical machines we include the bearings. The 
bearing is basically an organ which provides a movable liaison 
between two parts of a mechanism in relative rotation to each 
other. They are responsible for the conversion of energy and 
should therefore act as an electromechanical interface with a 
precision and with a minimum friction. Unfortunately, this role 
makes them more fragile. Indeed, a reliability study conducted 

on a large number of high power induction motors of the 
petrochemical industry, has established statistically different 
faults that can occur. It was found that the bearing faults are the 
most common faults in induction machines estimated at over 
52% compared to other faults [2], see Fig. 1.   

 
Fig. 1. Distribution of various faults in an induction motor 

Most of the bearing faults affect the geometrical shape of the 
rolling surface. These faults are due to cracks in the two inner 
and outer races or due to cage damage. Another statistical study 
was conducted by General Electric Company [3]. The study 
which covered about 5,000 drivers; 97% of which were three-
phase cage induction motors; shows that over 39% of bearing 
faults occur at the races level, see Fig. 2.  

 
Fig. 2. Distribution of various faults in a ball bearing 

In order to diagnose these faults, several techniques have 
been developed, depending on the measurable physical 
quantity selected. Among these techniques, the vibration 
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approach is considered to be a popular one, used extensively in 
bearing fault diagnosis. Another very promising approach for 
bearing faults detection is based on the analysis of an electrical 
signal technique; this is the stator current analysis technique. 
The main strength of this technique compared to the vibration 
one lies in the instrumentation used, its ease of implementation 
as well as the wealth of information provided on the existence 
or not of a fault as well as its severity.   

In addition to the various diagnostic techniques, several 
signal processing methods have also been developed for the 
diagnosis of electrical machines. The most commonly used in 
industry are methods based on the estimation of the Power 
Spectral Density “PSD” using the periodogram algorithm [4-5]. 
However, the PSD method has several disadvantages which are 
mainly due to the problem of frequency resolution and the 
selected window function.  In order to properly analyze a 
spectrum, it is advantageous to have a main lobe as narrow as 
possible and the side lobes as low as possible. This situation is 
impossible to achieve simultaneously by the PSD [5]. In 
addition, having a rich stator current spectrum, does not 
necessary imply that all harmonics reflect the state of the 
motor. Some harmonics may for instance be related to 
electromagnetic noises; these are random disturbances that are 
not being properly filtered during the current acquisition. These 
harmonics even if they are high frequencies, they can appear on 
the low frequency bands due to the sampling signal operation. 
This is known as the spectral aliasing.   

In this paper, the stator current spectral analysis is being 
discussed and applied for bearing faults detection. The purpose 
of this work is to introduce two main improvements in the 
stator current analysis. The first proposal is concerned with the 
spectrum quality improvement and is dealt with by the design 
and realization of an anti-aliasing filter “AAF”. The second 
proposal is concerned with the spectrum readability 
improvement and is taken in charge by adding to the PSD 
calculation a maxima localization algorithm “MLA” over a 
determined frequency band.  

II.   BEARING FAULT DIAGNOSIS BY STATOR CURRENT 
SPECTRAL ANALYSIS TECHNIQUE 

The ball bearings type is the most widely used in electrical 
machines. They consist mainly of the outer race, the inner race, 
the balls and the cage ensuring equidistance between the balls. 
Fig. 3 shows the geometry of a radial ball bearing contact.  

 
Fig. 3. A typical bearing geometry   

The possibility of bearing faults detection in induction 
machines has been studied extensively using vibration 

monitoring [4, 6]. Theoretically, several studies [1, 4, 6-9] have 
shown that in vibration analysis, it is possible to observe 
certain frequency bands to identify the type of bearing fault. 
Expressions of these characteristic mechanical vibration 
frequencies which depend on the geometry of the bearing and 
the shaft speed are summarized as follows: 
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Where, fr is the shaft speed frequency, NB the number of 
balls, BD the ball diameter, CD the pitch diameter of the bearing 
and  is the contact angle as shown in Fig. 3. 

Unfortunately, the reliability of the results in this technique 
is strongly associated with the position of the accelerometers 
placed on the motors along the vertical, axial and radial axes. 
This is in fact the main drawback of the vibration technique 
[9], besides being also affected by the speed of the machine, 
especially when the bearings are deteriorated. However, 
monitoring stator current lines is proved to be by far the most 
interesting and attractive for bearing fault detection and this is 
due to the two main following reasons: 

The stator current can be used to diagnose both electrical 
and mechanical faults such as, phase imbalances, inter-turn 
short circuits in stator windings, bearings failure, bent shaft, 
broken bar, etc  ... 

The stator current is very easy to access, since it is in 
general already used to control the motor and can be measured 
directly at the power supply unit. 

By assuming that the air gap is not constant during a 
bearing fault, Schoen and coauthors [9-10] have shown that 
this information is also present in the stator current spectrum 
and is defined by the following expression: 

vsbear f.kf)Hz(f
Where k=1,2,3…, fs is the supply frequency, fv is one of the 

four characteristic mechanical vibration frequencies “fo , fi , fcage 
and fball”. 

III.   STATOR CURRENT SPECTRAL ANALYSIS TECHNIQUE 
IMPROVEMENTS  

Improvements of the stator current spectral analysis are 
necessary so as to assist in a more readable signal for bearing 
faults detection. 
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A. Effect of the Anti-Aliasing Filter “AAF” on the quality of 
the signal processing 
The sensors of the stator phase currents of an induction 

machine are usually placed in an environment 
electromagnetically polluted. Indeed, machines and static 
converters radiate electromagnetic fields that can induce 
interference, creating an additive noise measurement. In the 
case where electromagnetic interferences; even at very high 
frequencies; are occurring upstream of the sensor, these can 
appear on the current spectrum low frequency bands due to a 
bad choice of sampling and cut-off frequencies. It is this 
phenomenon that is called the spectral aliasing. For this reason, 
and in order to eliminate these parasites, an AAF is being 
designed and realized to be part of the acquisition chain. This 
filter is a low-pass filter of the 4th order having attenuation of  
-80dB/decade and an adjustable cut-off frequency. Fig. 4 
shows the photo and the location of the realized AAF in the 
acquisition chain.  

 
(a)  

 
                                                      (b) 
Fig.4.  (a) Photo of the realized AAF; (b) The AAF location in the acquisition 
chain  

B. Effect of the Maxima Localization Algorithm “MLA” on 
the readability of the signal processing 
This proposal concerns the improvement of the readability 

of the stator current spectrum by adding to the PSD calculation 
a Maxima Localization Algorithm “MLA” on a determined 
frequency band. Indeed, although the spectrum of the stator 
current is rich in harmonics, the signature of a bearing fault; 
that is the fault harmonics; only appears in a given frequency 
band, depending on the nature of the fault, the bearing size and 
the shaft speed. In this paper, the spectral analysis is therefore 
limited only to this frequency band. Moreover, if the fault is an 
incipient fault, then its signature amplitude appears only 
slightly higher than the other harmonics.  

For this reason, we have developed an algorithm so as to 
localize numerically the maximum harmonic reflecting the 
fault by processing only the frequency bands where may appear 
its signature. Furthermore, the analysis of each phase current 

apart may be detrimental in computation time. For this, we 
prefer to make a spectral analysis of the combination of the 
three currents “using Fortescue transformation”, resulting in 
the direct symmetrical component Isd given as [11]: 

3
I.aI.aII sc

2
sbsa

sd

Where Isa, Isb and Isc are the Fourier transforms of the three 
phases currents and 3/2.jea . 

Procedure for bearing fault diagnosis 

1. Acquisition of the phase currents after filtering with the 
AAF. 
2. Calculation of the direct symmetrical component Isd from 
equation (6).  
3. Determination of the processed frequency band, the band 
which is likely to show the signature of the required fault. 
4. Localization of the maximum harmonic in the chosen 
frequency band.  
5. Verification if the localized frequency corresponds to that 
obtained by calculation. 

IV. EXPERIMENTAL RESULTS OF BEARING FAULTS 
DIAGNOSIS 

The objective of this section is to show the merits of the 
proposed improvements and to verify the agreement between 
the theoretical values of the characteristic frequencies of the 
different bearing faults and those found by experimental tests 
in the laboratory. 

A. Test rig and acquisition parameters 
The main experimental tests that are being presented in this 

paper are carried out by the diagnosis group in the laboratory of 
development of electrical drives “LDEE”.  The motor used is a 
three-phase squirrel cage motor coupled to a DC generator. The 
motor parameters are given in appendix A. The bearing in the 
motor to be diagnosed is of ball bearing type of reference 6205-
ZZ “opposite side to coupling”, in which its different geometric 
parameters are given in appendix B. The bearing faults dealt 
with are artificially created by drills in order to simulate the 
same situations as real ones. Fig. 5 illustrates the faults created 
in the bearings used in our experimental tests.  

 
           (a)                             (b)                               (c) 

Fig.5. Artificial bearing faults. (a) Cage fault; (b) Outer race fault 
“ 3mm diameter“; (c) Outer race fault “ 6mm diameter“ 

The measuring system includes two current Hall Effect 
sensors, an anti-aliasing filter AAF with a 400 Hz adjustable 
cut-off frequency chosen for our tests and an acquisition card. 
The whole set is connected to a computer for viewing the 
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processed sensed signal as shown in Fig. 6. In addition, a 
tachometer is used for measuring the actual shaft speed of the 
motor.  

 
Fig. 6. Test rig 

All acquisitions were performed in the nominal steady state 
condition. We have an estimated torque of about 20 N.m over a 
period of 40 seconds with a sampling frequency of 1.5 KHz 
which corresponds to a frequency resolution equal to 0.025 Hz. 
The various modes of operation being performed to validate the 
diagnostic procedure are: 

 Motor operation with healthy bearings, 

 Motor operation with faulty cage, 

 Motor operation with faulty outer race: 3mm hole 
diameter, 

 Motor operation with faulty outer race: 6mm hole 
diameter. 

For a more reliable analysis and due to the randomness of 
the measured signals, several acquisitions were made for each 
operation. 

B. Motor operation with healthy bearings 
In these first tests, we will analyze the stator current in the 

case where the two bearings “the opposite side to coupling and 
the coupling side” are healthy bearings. This analysis will be 
considered as the benchmark for all future tests. 

 Improvement of the spectrum quality by the AAF  
 The spectral analysis of the stator current filtered by the 

AAF enables us to see clearly the improvements that can be 
brought to the diagnosis process as seen in Fig. 7.  
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a/ Current spectrum without AAF  
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b/ Current spectrum with AAF  

Fig. 7. Random disturbances attenuation by the AAF “Healthy bearings” 

In fact, it is seen in Fig. 7, that the current analysis without 
filtering has a harmonic at the position 21.73 Hz with 
amplitude of -39.53dB. While with filtering, this frequency is 
strongly attenuated confirming that this harmonic is an 
electromagnetic disturbance which occurred because of 
spectral aliasing. By cons, other frequencies related to the 
motor state “the fundamental and eccentricity harmonics” are 
not affected by the filtering operation.  

Furthermore, the AAF also contributes in noise effect 
attenuation, and can therefore enhance some harmonics 
carrying information of the system status. It can be noted from 
Fig. 8, that the average noise without the AAF is -60dB, 
whereas it is -65dB when the filter is used. The figure 
illustrates clearly the spectrum readability by the appearance of 
a single harmonic at frequency 169.5 Hz.  
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a/ Current Spectrum without AAF  
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b / Current spectrum with AAF  

Fig. 8. Noise reduction by the AAF “Healthy bearings” 

After illustrating the positive contribution of the AAF, we 
now study the bearings fault diagnosis. Theoretically, the 
frequency signature of a cage fault or an outer race fault is 
determined by the geometric parameters of the bearing “see 
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Appendix B” based on equations (1), (3) and (5). The 
following table shows the frequencies of the harmonics of each 
fault that may appear on the current spectrum.  

TABLE I. THEORETICAL BEARING FAULTS CHARACTERISTIC FREQUENCIES AT 
RATED LOAD WITH FR=23.69 HZ AND K=1 

Cage fault frequency 40.50 Hz   59.4 Hz 

Outer race fault frequency  34.66 Hz 134.6 Hz 

Where fr is measured by the tachometer. 

From Table I, one can deduce that the frequency band 
which provides information on the existence or not of the 
bearing fault “outer race or cage faults” may be limited to the 
range [33 Hz 43 Hz]. It is within this frequency band that the 
search of the fault signature in the spectrum will be performed. 
The analysis of the stator current on the selected frequency 
band in Fig. 9 shows that there is no particular harmonic 
presence in the spectrum which could confirm that there is no 
bearing fault.    
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Fig. 9. Current spectrum “Healthy bearings” 

C.  Motor operation with bearing cage fault 
It can be easily noticed in Fig. 10, that an additional 

harmonic appears in the stator current spectrum at frequency 
39.9Hz in comparison with Fig. 9. This harmonic obtained 
experimentally demonstrates the existence of the bearing cage 
fault according to the theoretical calculations obtained in Table 
I. The slight difference 39.9 Hz instead of 40.5 Hz is due to the 
frequency resolution and the measurement error of the shaft 
speed frequency.  
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Fig. 10. Current spectrum “Bearing cage fault” 

 Improvement of the spectrum readability by the MLA  
Furthermore in order, to improve the readability of the 

spectrum, we apply the proposed algorithm MLA to display the 

maximum harmonic supposed to represent the signature of the 
desired fault. It can be noticed from Fig. 11, that the maximum 
harmonic in the frequency band [33 Hz 43 Hz] occurs at the 
frequency 39.9 Hz for the rated load condition. This confirms 
the existence of the cage fault.  
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Fig. 11.  Current spectrum with MLA “Bearing cage fault” 

We can conclude from this result, that the use of the MLA 
in the spectrum analysis, not only provides better readability of 
the spectrum; that is the fault signature identification is easy 
and direct without recourse to successive zooms; but also and 
above all allows rapidity in decision of the bearing state. 

D. Motor operation with bearing outer race fault 
According to Fig.12, it can be noticed that the signature of 

the outer race fault at rated load, appears at the same frequency 
value 35.8 Hz, independently of the hole diameter size. This 
result confirms the theoretical results obtained in Table I. By 
cons, as far as the amplitude of the fault is concerned, the 
harmonic amplitude for the case of the 6mm hole diameter is 
larger than the 3 mm one. This fact helps us to monitor the 
fault severity.  
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(a) 3 mm hole diameter   
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(b)   6 mm hole diameter   

Fig. 12. Current spectrum with MLA “Bearing outer race fault” 

16th International Power Electronics and Motion Control Conference and Exposition Antalya, Turkey 21-24 Sept 2014

PEMC 2014 1232



 
 

V.   CONCLUSION 
The work in this paper deals with the induction motor 

diagnosis based on the stator current spectrum technique. For a 
better exploitation of this technique for bearing fault detection, 
two main improvements have been proposed. The first 
proposal is to design and to realize an anti-aliasing filter “AAF” 
which has direct effect on the processed signal quality. Indeed, 
we have noted that the AAF has eliminated some 
electromagnetic disturbances and has minimized the 
measurements noise effects. Regarding the second proposal, an 
algorithm for the maxima localization “MLA” was developed 
and added to the standard PSD calculation. This algorithm has 
positively contributed in the readability of the stator current 
spectrum and significantly facilitated its analysis. Both 
proposals have enabled us to verify the correlation between the 
frequency signatures of the bearing faults obtained 
experimentally and those calculated theoretically. 
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APPENDIX A:   INDUCTION MOTOR INFORMATION 
Rated power                                    3 kW 
Frequency                                        50 Hz 
Rated voltage                                 380 V 
Rated current                                   7 A 
Rotor speed                                     1440 rev /min
Number of rotor bars                       28 
Number of stator slots                     36 
Power factor  cos 0.83 
Number of poles pairs 2 

 

APPENDIX B: GEOMETRIC PARAMETERS OF THE DIAGNOSED 
BEARING  

“Reference 6205-ZZ coupling opposite side" 

Outer race diameter                         52        mm 
Inner race diameter 25        mm 
Cage diameter                                 38.5     mm 
Ball diameter approximate to          07.938 mm 
Number of balls                               9 
The contact angle  is assumed to be zero 
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