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Abstract

Several researches claim that the vibration technique, widely used in industry, is more efficient compared to the stator current analysis 

in the diagnosis of mechanical faults. On the other hand, researches show that the current technique is more advantageous especially 

in the diagnosis of electrical faults, in addition to the simplicity of the sensor positioning. The aim of this paper is to show that both 

diagnosis techniques can be complementary. For this, a comparative analysis of both diagnosis techniques performances is achieved. 

To this end, fault diagnosis of rolling element bearings used in induction motors is taken as an example, given the importance of 

bearings in energy transfer. Experimental results obtained show the complementarity of both techniques and their performances 

according to the faulty element of bearings.
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1 Introduction
Rolling element bearings, as an electromechanical inter-
face, allow the energy conversion in induction motors, 
which makes them more fragile [1]. Indeed, several statis-
tical studies [1–3] have shown that failures due to bearings 
represent 40 % to 69 % of total failures depending on the 
motors power range. Fig. 1 shows the distribution of vari-
ous faults affecting the induction motor.

It is therefore logical, from an industrial, scientific and 
financial point of view, to concentrate efforts of detection 
and diagnosis of induction motors on rolling element bear-
ing faults. This diagnosis preserves the safety of personnel, 
avoids stopping the entire production line, which increases 
the lifetime of these motors and minimizes financial losses.

In this context, vibration analysis is the most used tech-
nique in industry because it can detect most mechanical 
faults and more precisely bearing faults. However, the 
major drawback of this technique is the need for access to 
the motor body to position the vibration sensor. In addition, 
the assembly of these sensors requires competent person-
nel to have reliable measurements. Furthermore, this tech-
nique can only be used to diagnose large units working on 
critical and sensitive processes given the cost of this sen-
sor. Finally, note that the reliability of this technique can 
be biased by the presence of abnormal vibrations due, for 
example, to attachment's problems of the motor [4–7].

Another technique based on the stator current anal-
ysis for bearing faults diagnosis called Motor Current 
Signature Analysis (MCSA)  [8–12]. This technique has 
several advantages such as: an easy installation of the cur-
rent sensor which does not require access to the body of 
the motor as well as the obtained information from the 
current spectrum about the state of the motor and the dif-
ferent types of faults. This technique is widely used in the 
diagnosis of electrical faults, but unfortunately remains 
less used for mechanical faults diagnosis.Fig. 1 Distribution of various faults affecting induction motors
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Several researches  [13–15] have shown that the pres-
ence of a bearing fault is highlighted by the appearance of 
a specific frequency signature on both vibration and cur-
rent spectrums but at different frequency bands. To iden-
tify this frequency signature characterizing the bearing 
fault from vibration or current, the estimation of the Power 
Spectral Density (PSD) by Periodogram is the most used 
method in industry because it presents an easy program-
ming and a fast execution due to the use of the Fast Fourier 
Transform (FFT) algorithm.

The aim of this paper is to compare the performances 
and capacities of both aforementioned techniques, vibra-
tion and stator current techniques. This comparison is 
made on the basis of experimental tests carried out on 
faulty bearings. To this end, the performances of both 
techniques are illustrated by the analysis of the measured 
signals using the PSD estimation by Periodogram.

2 Bearing fault signatures
Rolling element bearing is one of the most important com-
ponents of electric motors. Bearings mainly consists of an 
outer race, an inner race, balls and a cage which ensures 
equidistance between balls as shown in Fig. 2 [16–18].

Where BD and CD are respectively the ball and the cage 
diameters, β the contact angle and Nb the number of balls.

Unfortunately, due to corrosion, improper installation, 
or poor lubrication, this bearing can suffer from certain 
failures of its components. The failure of these elements is 
manifested by the appearance of frequency signatures on 
the vibration and current signals.

2.1 Vibrational frequency signatures of bearing fault
The failure of each bearing's element is manifested by 
vibrations in the induction motor. Several studies [16–18] 
have shown that each faulty element is characterized by a 
specific frequency signature as shown by Eqs. (1) to (5):
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The fr is the rotor frequency which can be deduced from 
the mechanical speed of the induction motor nr . This rela-
tionship is defined from:

f n
r

r=
60
. 	 (5)

2.2 Electrical frequency signatures of bearing faults
All motor vibrations caused by mechanical faults such as 
bearing faults are manifested by both amplitude and phase 
modulation in the stator current. This modulation obvi-
ously affects the current spectrum by the appearance of 
frequency components around the fundamental as shown 
in Eq. (6) [19, 20]:

f f k f ks vbear
Hz( ) = ± × = …1 2 3, , 	 (6)

where fs is the supply frequency. fv is one of the vibrational 
frequencies characterizing the faulty element defined by 
Eqs. (1), (2), (3) and (4) i.e.: fouter,race , finner,race , fcage and fball .

3 Identification of bearing faults using periodogram 
technique
Among the frequency analysis methods for identifying 
the bearing's faulty element, the estimation of the Power 
Spectral Density (PSD) using the Periodogram technique 
is chosen. This method is widely used in industry because 
it is [11, 17]:

•	 Independent of the physical nature of the signal x(t) 
to be processed (vibration or electric), provided the 
signal is stationary.Fig. 2 Geometry of rolling element bearings
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•	 Easy to program.
•	 Fast due to the use of the FFT (Fast Fourier 

Transform) algorithm.
•	 Easy to implement on FPGA-based cards for real-

time applications.

The estimation of the PSD by Periodogram is defined as 
being the square of the module of the Fourier Transform of 
the digital signal to be processed x(n), as shown in Eq. (7) 
[11, 15, 21]:
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where ∆f is the frequency resolution defined as follows:

∆f
F
N
sp= 	 (8)

where Fsp is the sampling frequency and N is the number 
of samples in the digitized signal.

Note that to improve the frequency resolution, it is 
advisable to increase the acquisition time, in other words 
the number of samples. Unfortunately, this can affect the 
computation time.

4 Experimental results
4.1 Experimental setup description
The motor used in our experimental tests is a three-phase 
squirrel cage induction motor, its parameters are: 3 kW; 
50 Hz; 7 A; 1410 rpm. This motor is coupled to a Direct 
Current generator connected to a resistive load. The mea-
surement bench used is illustrated by Fig. 3.

Two measurement lines are used at the same time for 
the acquisition of both signals to be processed:

•	 For the vibration signal: a piezoelectric triaxial accel-
erometer (CTC: AC230-1D) with integrated elec-
tronics IEPE (Integrated Electronic Piezo-Electric) 
is used to measure the motor vibration along the 
three axes X, Y, Z. Fig. 4 shows the positioning of 
the vibration sensor on the motor.

•	 For the electrical signal: three Hall-effect current 
sensors (Fluke i30s) are used to measure the three 
stator currents. Fig.  5 shows the positioning of the 
current sensor regarding the induction motor.

All signals (vibration and stator current) are digitized 
at the same time using a NI USB-6229 acquisition card 
with 08 inputs. Both measurement lines are managed by a 
computer which also allows the processing of the acquired 
signals. All acquisitions were made in steady state with a 
rotation speed of 1440  rpm, corresponding to a rotation 
frequency of 24  Hz. The acquisition parameters chosen 
are respectively: an acquisition time of 20  seconds and 
a sampling frequency of 10 KHz. Under these conditions, 
we obtain a frequency resolution equal to 0.05 Hz. To have 
a more reliable analysis because of the random nature of 
the measured signals, several acquisitions were made for 
each operating mode.

Fig. 3 Experimental setup description

Fig. 4 Positioning of the vibration sensor

Fig. 5 Positioning of the current sensors
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The rolling element bearings analyzed in this paper 
(opposite side of the coupling) is 6205-ZZ bearing. 
The geometric parameters of this bearing are given in the 
Appendix. The studied faults are created artificially by the 
EDM (Electrical Discharge Machining) technique, with 
the aim of recreating the same situations as those of real 
faults. Fig. 6 illustrates the fault created in bearings used 
in our experimental tests.

Operating modes carried out in this study are:
•	 Motor operating with healthy bearing.
•	 Motor operating with an outer race fault.
•	 Motor operating with an inner race fault.
•	 Motor operating with a cage fault.

According to the theoretical study, the frequency sig-
natures of bearing faults corresponding to the faulty oper-
ating modes, are likely to appear at some frequencies 
according to:

•	 The geometric characteristics of the analyzed 
bearing.

•	 Equations (1), (2), (3) for the vibration technique.
•	 Equations (1), (2), (3) and (5) for the current technique.

Knowing these frequency signatures, the analysis can be 
carried out only on specific frequency bands according to the 
searched fault. These frequency bands are given in Table 1.

4.2 Motor operating with healthy bearings
In this operating mode, acquired signals are analyzed 
assuming that both bearings (coupling side and opposite 

side of the coupling) have no apparent fault. Figs. 7 and 8 
illustrate the vibration and current spectrum for this oper-
ating mode according to the frequency analysis bands 
determined in Table 1.

•	 For the vibration technique: according to Fig. 7, the 
spectral analysis of the vibration signals obtained by 
estimation of the PSD using the Periodogram tech-
nique, detects the following frequency signatures 
(85.85  Hz / −60.85  dB and 129.4  Hz / −62.24  dB) 
on both frequency bands [80  Hz–90  Hz] and 
[125 Hz–135 Hz] respectively. It is assumed that these 
frequencies represent the signatures of the inner race 
and outer race faults, according to Table 1. The pres-
ence of these frequencies is certainly due to the 
scratches caused by the assembly and disassembly 
operation of bearings. On the other hand, no signature 

Fig. 6 Bearing faults: (a) Outer race fault, (b) Inner race fault,  
(c) Cage fault

Table 1 Frequency bands for both techniques: vibration and current

Bearing fault
Fault signature and Frequency band

Vibration 
technique

Current 
technique

Outer race 
fault

Fault signature 85.73 Hz 35.73 Hz

Frequency band [80 Hz–90 Hz] [30 Hz–40 Hz]

Inner race 
fault

Fault signature 130.26 Hz 80.26 Hz

Frequency band [125 Hz–135 Hz] [75 Hz–85 Hz]

Cage fault
Fault signature 9.52 Hz 40.48 Hz

Frequency band [5 Hz–15 Hz] [35 Hz–45 Hz]

(a)

(b)

Fig. 7 Vibration spectrum according to all analyzed frequency bands 
– healthy bearings – (a) [80 Hz–90 Hz], (b) [125 Hz–135 Hz],  

(c) [5 Hz–15 Hz]

(c)
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appears on the frequency band [5  Hz–15  Hz], thus 
indicating the absence of a cage fault.

•	 For the current technique: according to Fig.  8, no 
frequency signature appears on the three frequency 
bands analyzed [30 Hz–40 Hz], [75 Hz–85 Hz] and 
[35 Hz–45 Hz].

4.3 Operating mode with an outer race fault
In this operating mode, the tested bearing has a 3 mm hole 
on the outer race. Fig. 9 represents both vibration and the 
stator current spectrums obtained using the PSD estima-
tion by the Periodogram technique.

According to Fig.  9  (a) and (b), and also Table  1, the 
outer race fault signature is clearly detectable on both 
spectrums: vibration and stator current. Furthermore, 

a comparison of the results displayed in Fig.  7  (a) and 
Fig. 9 (a), shows an increase in the amplitude of the har-
monic of the outer race fault (85.8 Hz / −56.44 dB) com-
pared to the healthy case (85.85 Hz / −60.85 dB). This is an 
indicator of the fault severity.

On the other hand, on the current spectrum, the fault 
signature is detectable compared to the healthy case (see 
Fig. 8 (a) and Fig. 9 (b)). Therefore, Table 2 summarizes the 
theoretical frequencies and the real frequencies obtained 
for an outer race fault from the spectrum of vibration and 
stator current.

The slight difference between the mentioned frequen-
cies in Table 2 is completely normal because of the fre-
quency resolution used and the error in the measurement 
of the rotation speed. The obtained results show the supe-
riority of the vibration technique in detecting and moni-
toring the outer race fault signature compared to the stator 
current technique.

Table 2 Outer race fault signature obtained by the vibration technique 
and the stator current technique

Technique Theoretical 
frequency

Healthy 
bearing

Outer race 
fault

Vibration 85.73 Hz 85.85 Hz
−60.85 dB

85.5 Hz
−56.44 dB

Stator current 35.73 Hz Doesn't exist 34.45 Hz
−44.58 dB

(a)

(b)

Fig. 9 Spectrum of vibration and stator current – Outer race fault – 
(a) Vibration technique, (b) Stator current technique

Fig. 8 Stator current spectrum according to all analyzed frequency 
bands – healthy bearings – (a) [30 Hz–40 Hz], (b) [75 Hz–85 Hz], 

(c) [35 Hz–45 Hz]

(a)

(b)

(c)
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4.4 Motor operating with an inner race fault
An inner race with a 3  mm hole is used in this operat-
ing mode. Fig.  10 represents the vibration and stator 
current spectrum obtained using the PSD estimation by 
Periodogram.

According to Fig. 10 (a), the vibration spectrum shows 
the inner race fault signature (129.2  Hz / −41.91  dB). 
This signature increased compared to the healthy case 
(129.4 Hz / −62.24 dB. see Fig. 7 (b)), thus indicating that 
the fault severity is more important. Regarding the cur-
rent technique, no frequency signature is detected on the 
frequency band (Fig. 10 (b)), despite the existence of the 
inner race fault. Table 3 summarizes the frequency signa-
tures of this fault for both studied techniques.

The obtained results show once again the superiority of 
the vibration technique in the detection of the inner race 
fault compared to the stator current technique.

4.5 Motor operating with a cage fault
In the last operating mode, a hole is created in the cage 
of bearing. The vibration and stator current spectrum 
obtained using the PSD estimation by Periodogram are 
illustrated in Fig. 11 (a) and (b) respectively.

According to Fig. 11 (a), the frequency signature of the 
cage fault is not detectable by the vibration technique. 
On  the other hand, the stator current analysis makes it 
possible to detect a signature at the frequency 40 Hz with 
an amplitude of −51.63  dB. This signature corresponds 
the cage fault according to Table  1. The slight differ-
ence between the value of this real frequency 40 Hz and 
that theoretical 40.48 Hz is completely normal consider-
ing the error on the measurement of the rotation speed. 
This test proves that the stator current analysis gives bet-
ter results than the vibration technique in the detection of 
the cage fault.

In light of the obtained results, we can say that the vibra-
tion analysis is more efficient in detecting the inner and 
outer race faults. However, it is advisable to use the stator 
current technique in detecting the cage fault. This shows 
that both analysis techniques are complementary.

(a)

(b)

Fig. 10 Spectrum of vibration and stator current – Inner race fault – 
(a) Vibration technique, (b) Stator current technique

Table 3 Inner race fault signature obtained by the vibration technique 
and the stator current technique

Technique Theoretical 
frequency Healthy bearing Outer race fault

Vibration 130.26 Hz 129.4 Hz
−62.24 dB

129.2 Hz
−41.91 dB

Stator current 80.86 Hz Doesn't exist Doesn't exist

(a)

(b)

Fig. 11 Spectrum of vibration and stator current – cage fault – 
(a) Vibration technique, (b) Stator current technique
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5 Conclusions
In this paper, rolling element bearing fault diagnosis of 
induction motor is carried out using the vibration technique 
and the stator current technique in order to compare the 
performance of both techniques. The experimental results 
obtained show that the vibration analysis is more efficient 
in detecting inner and outer race faults. On the other hand, 
the stator current analysis is more reliable in detecting cage 
faults, which proves the complementarity of both techniques.
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Appendix
Geometric parameters of the bearing 6205-ZZ:

•	 Outer race diameter		  52 mm
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•	 Number of balls		  9
•	 Contact angle		  0.
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