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Abstract- This paper addresses the method for the 
diagnosis and classification of bearing defects in an 
induction motor. The normal current of the running motor 
and voltage of the respective phase is used as the medium 
for the analysis. The method uses discrete wavelet 
transform as a tool for the classification of the faults. The 
proposed method is independent of the loading conditions 
of the motor and therefore analysis can also be done on 
the no load condition of motor.  The proposed method 
can reliably distinguish between the inner race defect and 
the outer race defects of the bearings.  The application of 
the same method is advantageous to detect an incipient 
fault of the bearing in its early stage.  
 
Keywords: Induction Motor, Fault Diagnosis, Wavelet 
Analysis, Bearing Defects. 
 

I. INTRODUCTION 
Nowadays induction motor has got prime importance 

in industries as well as in the power system. The 
induction motor for the various electrical applications 
consumes ample amount of power generated in the world, 
as it has got a wide range of applications in the industries. 
Having such an application range, induction motor is 
always subjected to various electrical as well as 
mechanical faults. These faults can be classified as 
follows stator winding fault or inter turn short circuit 
fault 
• Bearing faults  
• Air gap eccentricity 
• Broken rotor bars 
• Misalignment of rotor 

If preventive maintenance is not given due importance 
such faults can turn into failure of motors. Failure of an 
induction motor can result into loss of production or it 
may shutdown the processing units. One cannot afford a 
loss because of failure of motor. Therefore a reliable 
monitoring technique is required in order to reduce the 
loss and the maintenance cost of the motor.  Since a 
decade or more substantial amount of work is going on in 
the field of condition monitoring. A study has been made 
to know the cause of failure of an induction motor, the 
survey report of EPRI suggests that the main cause of 
failure is the defective bearing that figures 42% of total 

causes of failure. Therefore to avoid the failure and 
reduce the downtime and maintenance cost the early 
stage detection of the fault is essential. Presently 
reasonably reliable techniques are available for detecting 
bearing degradation. The most popular amongst these 
methods are vibration signal analysis and the motor 
current signature analysis. The approaches generally 
involve monitoring and analysis of vibration signal. 
Artificial intelligence plays a dominant role in the field of 
condition monitoring and different techniques, such as 
neural network; fuzzy logic and genetic algorithms are 
being widely used for the feature extraction and 
classification purposes [1-3]. Another tool that seems 
very useful in fault detection is HMM. Its success in 
speech recognition causes it to be used in fault detection 
[4]. Though the vibration signal analysis plays an 
important role in detection of mechanical faults 
associated with motor the current signature analysis is 
over taking it. The method that uses current or voltage 
measurement offers several advantages over test 
procedures that require machine to be taken off- line or 
the methods that require special sensors to be mounted on 
the motor. Whereas the current signature analysis does 
not require such costly sensors, using current 
transformers and data acquisition system, signals can be 
captured.  

The wavelet is now becoming more and more popular 
than other methods of fault diagnosis because it permits 
systematic decomposition of signal into its sub band 
levels. If the current signal consists of the non-stationary 
or transient conditions the conventional Fourier transform 
is not suitable and the time-frequency or time-scale 
method has to be adopted. The wavelet was introduced by 
Jean Morlet a French engineer in 1982. Newland was the 
one whose work made wavelet transforms popular in 
engineering field especially in vibration analysis. He has 
not only proposed the harmonic wavelet but also 
identified the peaks and packets of the transitory signals 
[5]. The method based on the wavelet packet for the 
diagnosis of failure of ball bearings was proposed by B. 
Liu and S.F. Ling [6].  Loparo used the wavelet transform 
as tool for feature extraction and fuzzy classifier for 
detection of fault in bearing [7]. In [8], J.C. Garcia-Prada, 
C. Castejon, and O.J. Lara have proposed a new condition 
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monitoring technique for detection and classification of 
bearing faults. They used DWT for the feature extraction 
and extracted features are then used as input to the neural 
network for the classification of faults.  

In this paper, a wavelet-based analysis is used for the 
discrimination of the raceway defects in the ball bearings. 
The proposed method is an experimental work carried out 
in the laboratory. The motor is tested with different sets 
and combination of bearings in different load conditions. 
The stator current and phase voltage of the motor is used, 
as the medium of analysis. It is worth to mention that the 
results of the method are independent of the loading 
condition of the motor and the analysis can be made on 
no load. The results shows that proposed method can 
reliably detect and discriminate the defects of ball 
bearings. 
 

II. WAVELET TRANSFORM AND DENOISING 
 
A. Wavelet Transform 

Wavelet analysis is about analyzing the signal with 
short duration finite energy functions. They transform the 
considered signal into another useful form. This 
transformation is called Wavelet Transform (WT). Let us 
consider a signal f(t), which can be expressed as 

( ) ( )l l
l

f t a tφ= ∑
 

(1) 

where, l is an integer index for the finite or infinite sum. 
Symbol al are the real valued expansion coefficients, 
while φl(t) are the expansion set. 

If the equation (1) is unique, the set is called a basis 
for the class of functions that can be so expressed. The 
bases are orthogonal if 

( ), ( ) ( ) ( ) 0     l k l kt t t t dt k lϕ ϕ ϕ ϕ= = ≠∫  (2) 
Then coefficients can be calculated by the inner product 
as 

( ), ( ) ( ) ( )k kf t t f t t dtϕ ϕ= ∫  (3) 
If the basis set is not orthogonal, then a dual basis set 

φk(t) exists such that using (3) with the dual basis gives 
the desired coefficients. For wavelet expansion, equation 
(1) becomes 

, ,( ) ( )j k j k
k j

f t a tϕ= ∑∑
 

 (4) 

In (4),  j and k are both integer indices and φjk(t) are the 
wavelet expansion function that usually form an 
orthogonal basis. The set of expansion coefficients ajk are 
called Discrete Wavelet Transform (DWT). 

There are varieties of wavelet expansion functions (or 
also called as a Mother Wavelet) available for useful 
analysis of signals. Choice of particular wavelet depends 
upon the type of applications. If the wavelet matches the 
shape of signal well at specific scale and location, then 
large transform value is obtained, vice versa happens if 
they do not correlate. This ability to modify the frequency 
resolution can make it possible to detect signal features 
which may be useful in characterizing the source of 
transient or state of post disturbance system. In particular, 
capability of wavelets to spotlight on short time intervals 
for high frequency components improves the analysis of 
signals with localized impulses and oscillations 

particularly in the presence of fundamental and low order 
harmonics of transient signals. Hence, Wavelet is a 
powerful time frequency method to analyze a signal 
within different frequency ranges by means of dilating 
and translating of a single function called Mother 
wavelet. 

Formulation of DWT is related to filter bank theory in 
many of the good references. It divides the frequency 
band of input signal into high and low frequency 
components by using high pass h(k) and low pass g(k) 
filters. This operation may be repeated recursively, 
feeding the down sampled low pass filter output into 
another identical filter pair, decomposing the signal into 
approximation c(k) and detail coefficients d(k) for various 
resolution scales. In this way, DWT may be computed 
through a filter bank framework, in each scale, h(k) and 
g(k) filter the input signal of this scale, giving new 
approximation and detailed coefficients respectively. The 
filter bank framework is shown in Figure 1. The down 
pointing arrow denotes decimation by two and boxes 
denote convolution by h(k) or g(k). 
 

 
 

Figure 1. Two band multi-resolution analysis of signal 
 

The coefficients of filter pair are associated with the 
selected mother wavelet. Daubechies wavelet family is 
mostly used for analysis of power system transients. In 
this paper, Daubechies (db-4) wavelet is used as the 
mother wavelet, due to its good time resolution that 
provides accurate detection of fast transients. 
 
B. Wavelet Denoising 

Assume a finite length signal with a additive noise of 
the form 

( ) ( ) ( )i i iy t f t n tε= +  (5) 
In equation (5), fi(t) is finite length signal that is 
corrupted with zero mean, white Gaussian noise ni(t) with 
noise level ε. The goal is to recover the signal fi(t) from 
the noisy data yi(t) without assuming any parametric 
structure for fi(t).  

There are major three steps for carrying out denoising 
of signal, generally called as wavelet coefficients 
shrinkage technique: 
Step 1: Calculate wavelet coefficients w applying a 
wavelet transform (WT) to a signal or data. 

{ } { } { })()()( tnWTtfWTtyWT iii ε+=  (6) 
Step 2: Modify the detail coefficients w by applying 
certain threshold value to obtain shrink version detailed 
coefficients  of fi(t). 

yieldsw w⎯⎯⎯→  (7) 
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VI. CONCLUSIONS 
In this paper the method based on the discrete wavelet 

transform of difference vector for the detection and 
classification of bearing defects is introduced. The 
method uses stator current and voltage of any one phase 
for the calculation of difference vector and it is found that 
difference vector with DWT is an excellent tool for 
detection of bearing race defects in induction motor. It is 
found that the defects in inner race and outer race of the 
bearings have different natures and do not change with 
the changing load, for the different defects of the bearings 
the specific nature of envelope is observed. The results 
obtained shows that, the proposed method can reliably 
detect and classify the bearing fault even at no load 
condition of motor. Incipient defects can also be detected 
easily, using the proposed algorithm. 
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