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ABSTRACT

The present work deals with bearing inner and outer races defects analysis using Discrete wavelet transform (DWT)
decomposition finalized by MATLAB/ toolbox analysis. All previously studied methods and techniques used and applied
for the detection of defects in induction motors bearing suffer from some drawbacks such as the difficulties of identifying
bearing faults from the frequency spectrum because of non stationary vibration signals. In order to overcome this issue,
the Discrete Wavelet Transform (DWT) decomposition is proposed for signal analysis as an efficient tool for various
induction motor faults detection. In order to validate the proposed procedure, a setup is designed in LSELM laboratory
for measuring vibratory signals of a bearing set driven by a 0.38 KW three phase induction motor operating at low speed
(500tr/mn) for healthy and two bearing faults (inner race and outer race defects). The obtained results are discussed and
analyzed
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1. INTRODUCTION

In general, bearing consists of inner and outer races, the rest of bearing elements such as balls. Usually, the
rolling elements in a bearing are arranged or guided in a cage, in order to guarantee uniform spacing between
elements to prevent metal to metal contact. The majority of faults in induction machines are related to
bearing which is considered as the most critical component. Thus, both the detection and diagnosis of
mechanical faults in bearing elements are very important for the induction motor operation reliability.

Acoustic analysis, electrical current signature analysis and vibration analysis are the three most used
techniques because they allow the detection and diagnosis of most faults. Also, intelligent techniques are
very reliable and very effective for diagnosing faults on electrical machines. Their operation requires learning
based on a large amount of data. In the literature many works were undertaken in order to find a suitable and
effective tool for bearing elements defects detection.

K.A. Ibrahim Sheriff et al [1] have compared the acoustic emission technique and the vibration
analysis technique, it was found that the acoustic emission technique is more sensitive than the vibration
analysis. The authors of [2] introduced the analysis of variance using a comprehensive plan of experiments
proved the capability to evaluate the factors effect on the vibration behavior and acoustics bearings at an
early stage of degradation. They have concluded that the acoustic emission is ideal for cases of low speeds
but vibration measurement is appropriate for monitoring the defect size evolution while the acoustic emission
is more suited to the detection of frequencies characteristic of bearing defects at an early stage.

In [3], [4], [5] bearing failures detection in induction motors, suitable for the electrical current
spectral analysis of the motors supplied by inverters they have concluded that for all signatures it is
recommended to detect rotor faults at high motor load levels, while it is better to detect stator faults at low
load levels. The work presented in [6] proposes a new approach based on stator current and efficiency of
induction motors as indicators of rolling-bearing faults. The approach was applied on four different types of
bearing defects: crack in the outer race, hole in the outer race, deformation of the seal, and corrosion. Yu Wei
et al and Zhang, W [7], [8] presented a review on rotating machinery early fault diagnosis techniques and a
comprehensive review summarizing the computational intelligence in machinery condition monitoring and
fault diagnosis. The authors of [9] proposed an approach based on current space vector transformation
analysis taking in account all the induction machine information then analyzed by the means of Power
Spectral Density and the Wavelet Packet Decomposition techniques. It has been proved that the proposed
technique is more effective compared to single-phase analysis. The advantages and limitations of each
techniques in practical applications are also discussed.

The work carried out in [10] have studied the vibration analysis of rolling element bearings defects. A
defect of any bearing element is transmitted to all other elements such as outer race, inner race, ball and, train
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cage of the bearing. Ashish Kumar Sinha, et al [11] proposed fault detection scheme with the standard
deviation of level-five detailed coefficient [d5] from the pre-fed values for the detection of ball bearing
damage. The work reported in [12] studied the suitability of vibration analysis technique to detect the
distributed defects in bearing, the results show that comparison of vibration spectrum of healthy bearing and
vibration spectrum of defected bearing can help to recognize faults in the bearing especially outer and inner
races.

The work presented by V. Shanmukha Priya et al [13] uses Discrete Wavelet Transform to decompose
the vibration signal into 9 levels. The mean + standard deviation values of the approximate and detail
coefficients were found for nine levels of wavelet decomposition of the signal. DWT is appropriate and
effective tool in detecting defect features in bearings. Thus in the present work the Discrete Wavelet
Transform (DWT) decomposition is extended to inner and outer races defects.

In this paper this procedure is applied to outer raceway and inner raceway defects and data
representing healthy bearing state at a running speed of 500 tr/mn. The obtained results have proved that the
DWT is appropriate and effective tool in detecting defect in induction motor bearing.

2. DWT AS VIBRATORY SIGNAL ANALYSIS TECHNIQUE

The theory and the detailed information of Discrete Wavelet Transform (DWT) are reported in the
literature [14 -20]. The overall flow of wavelet decomposition process is conducted in many steps, firstly the
raw vibration signal is decomposed into several levels of frequency bands, then the approximate and detail
coefficients in each level with standard deviation values for approximate and detail coefficients are found,
finally, a comparison of standard deviation values for normal and faulty bearings is carried out [7]. The
approximation part is obtained by passing the signal through Low Pass Filter (LPF) and Detail part is
obtained by passing the signal through High Pass Filter (HPF)

3. DATA ACQUISITION

The tests were carried out using the designed setup shown in Fig.1. The measured vibration signals are
generated by the setup shaft driven by a three phase induction motor through a coupling, a bearing unit and a
balanced flywheel (load). The designed test rig consists of a PC, three phase induction motor with of 0.78
Kw, USB measuring device, accelerometer, bearing unit and balanced flywheel (load). The vibration sensor
used in the experiment measures the vibration generated by two bearing states, outer race and inner race
defects as illustrated in Fig.2 a, b. The vibratory signals are measured and recorded for different tests with a
low rotational speed of 500 turn/mn.
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Fig.1. Experimental setup



In the first step the vibratory signal of a healthy bearing is measured for a rotational speed of 500tr/mn. Then,
the vibratory signals of outer race and inner race bearing defects are measured. Finally, the obtained signals
are analyzed by DWT decomposition technique.

Fig.2. Bearing with inner race and outer race defects used in the experimental tests

Discrete Wavelet Transform (DWT enhanced by MATLAB Toolbox signal analysis is proposed as a tool for
different bearing inner race and outer race defects. The recorded data used for the validation of this method

are the signals of healthy and faulty bearing.
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Fig.3. healthy, outer race and inner race bearing defects vibratory signals

The decomposition levels and De-Noising the original recoded signals using MATLAB Wavelets Toolbox
[11], the exact range values of all detail and approximation coefficients at different levels are obtained.
Approximate and detailed coefficients of wavelet transform at each level of decomposition for healthy and
faulty bearings are illustrated in Fig.4, 5 and 6, respectively.

a) Wavelet decomposition of vibration signal with healthy bearing at a rotational speed of 500tr/mn
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Fig.4. The eight-level wavelet decomposition of healthy bearing signal

b) Wavelet decomposition of vibratory signal of a bearing with outer race defect at a rotational speed of
500tr/mn
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c) Wavelet decomposition of vibratory signal of a bearing with inner race defect at rotational speed of
500tr/mn



Signal and Approximation(s)

[T~~~ ]

Coefs, Signal and Detail(s)

apruydary

|

A Y,

©

wowowow

apruydury

4

A

-0.02
-0.02
0.05

A

A A
(Va VAN

\A
N

1 A A ‘l“ 'N

~AA

UV

A
f

|

o
-0.05

f\

V'

N ¥

I

\
|

L

'R

N

[4‘ y

]
[:]

-0.5

o5

t‘ Bttt q"\k‘\\uk\ﬁ‘ N' ’\\'.w.*‘f-'ﬁ“w" v Nrwv*r»‘w“‘«#‘j da

o
-0.5

500

1

1000

500

Acceleration (m/s?)

a) Approximation coefficients
Fig.6. The eight-level wavelet decomposition of a bearing with inner race defect
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The results of vibratory signals of healthy bearing, bearing with outer race and inner race defects, are

summarized and presented in Table 1.

Table 1. Results of approximation and detail coefficients magnitudes
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4- RESULTS AND DISCUSSIONS
From Fig.2, it can be  observed that the recorded  vibration  signal of

healthy bearing has lower magnitude peaks regarding the vibration signals of bearing with faults (outer race
and inner race defects) Fig.3 b), ), d), and e) respectively.

According to table 1, The approximation coefficient of healthy bearing reaches its maximum range value at
level 1 than decreases reaching its minimum range value at level 8, and the detail coefficient of faulty
bearings (outer race, inner race defects) reach their maximum range values at level 1, than decrease reaching
their minimum values at level 8. It can be concluded that the maximum value of healthy bearing is higher
than the maximum values of faulty bearings (outer race, inner race defects) which means that the detail
coefficient range values at level 1 are sensitive to bearing faults.

The detail coefficient of healthy bearing has reached its maximum range value at level 3 than decreases
reaching its minimum range value at level 8, whereas the detail coefficient of faulty bearings (outer race,
inner race defects) reach their maximum range values at level 1, level 3 respectively than decreases reaching
their minimum values at level 8. It is observed from these results that the maximum value of healthy bearing
is less than the maximum value of faulty bearings which means that the approximation coefficient at levels 1
and 3 are sensitive to bearing faults (outer race, inner race defects).

Thus it can be concluded that, for low speeds (500 tr/mn) DWT decomposition enhanced by MATLAB
Wavelets Toolbox procedure is an efficient tool for fault detection. However, the wavelet approximation and
detail coefficients can be easily used for the detection of different bearing defects. The obtained results are in
agreements with the results of the previously reported literature [19-20].

5 - CONCLUSION

Bearing faults detection approach is proposed in this work for detecting outer race, inner race bearing defects.
According to the results, it can be concluded that, for low speeds DWT with MATLAB Wavelets Toolbox
procedure is efficient for fault detection. Therefore, the wavelet approximation and detail coefficients can be
easily used for the detection of different bearing defects in induction motors. The DWT has shown its
effectiveness and is appropriate for bearing faults detection.
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