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Abstract- Induction motors are susceptible to many types of faults. Condition monitoring and fault detection of induction 
motor have been challenging task for engineers and researchers. This paper presents a technique to detect Bearing fault and 
Inter turn fault through envelope analysis. Envelope is the argument of the analytic signal obtained from complexing the 
motor current as the real part and its Hilbert transform as the imaginary part. Detail coefficients of envelopes for various 
motor conditions are obtained by applying DWT over it and obtained power detail density, defined as PDD and power detail 
energy, defined as PDE for faulty and healthy motor. PDD and PDE can be used here as fault parameters. ANN is used to 
classify these faults based on PDD and PDE. 
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I. INTRODUCTION 
 
Induction motor, the principal drive in the industry 
though robust is not free from failure. It is well 
known that faults on induction motor causes 
interruption of manufacturing process which induces 
a significant loss for the firm. Generally common 
failures in induction motor are broken rotor bar and 
end ring fault, turn to turn short circuit, bearing fault 
and external faults such as voltage unbalance ,phase 
failure, single phasing. Bearing failures are 
responsible for approximately two-fifths of all faults. 
Inter-turn short circuits in stator windings represent 
approximately one-third of the reported faults. 
Broken rotor bars and end ring faults represent 
around ten percent of the induction motor faults. 
 
The motor faults are due to mechanical and electrical 
stresses. Mechanical stresses are caused by overloads 
and abrupt load changes, which can produce bearing 
faults and rotor bar breakage. On the other hand, 
electrical stresses are usually associated with the 
power supply. Induction motors can be energized 
from constant frequency sinusoidal power supplies or 
from adjustable speed ac drives.  
 
However, induction motors are more susceptible to 
fault when supplied by ac drives. This is due to the 
extra voltage stress on the stator windings, the high 
frequency stator current components, and the induced 
bearing currents, caused by ac drives. In addition, 
motor over voltages can occur because of the length 
of cable connections between a motor and an ac 
drive. This last effect is caused by reflected wave 
transient voltages. Such electrical stresses may 
produce stator winding short circuits and result in a 
complete motor failure. 
 
Many Engineers and Researchers have focused their 
attention on incipient fault detection and preventive 
maintenance in recent years. Different methodologies 

based on current and vibration spectral analysis have 
been proposed using FFT and DWT for induction 
motor preventive monitoring of faults. Motor current 
during speed and load changing, starting vibration 
transient are also being used through wavelet 
analysis. But selection of mother wavelet is not an 
easy task, if not proper, serious error may occur in the 
results.  To overcome these a new methodology is 
proposed to extract frequency through envelope 
analysis of motor current using Hilbert transform and 
Discrete Wavelet transform. This paper presents an 
application of DWT and HT to diagnose different 
faults in induction motor such as bearing and inter 
turn faults based on the analysis of three phase stator 
currents in both healthy and faulty condition. 
 
II. THEORETICAL OVERVIEW 
 
1. Hilbert transform: The Hilbert Transform 
facilitates the formation of the analytic signal. The 
toolbox function Hilbert computes the Hilbert 
transform for areal input sequence x and returns a 
complex result of the same length. 
              Y = Hilbert (x)                               (1) 
 
The complex form of the signal is known as analytic 
signal. The unique complex representation of a real 
signal, s(t) is given by 

z (t) = s (t) + j [H[s (t)]             (2) 
 
Where H [s (t)] is the Hilbert transform of s(t). 
 
The Hilbert transform is useful in calculating 
instantaneous attributes of a time series, especially 
the amplitude and frequency. The instantaneous 
amplitude is the amplitude of the complex Hilbert 
transform; the instantaneous frequency is the time 
rate of change of the instantaneous phase angle. For a 
pure sinusoid, the instantaneous amplitude and 
frequency are constant. By Hilbert transform, the 
positive frequencies are shifted in phase by -- π/2 
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whereas negative frequencies are eliminated and the 
amplitudes of the frequency components doubled. If 
the signal is of the form of α (t).cos Ф(t), its complex 
analytical signal, z(t) may be given by 

z (t) = α (t) e jФ                     (3) 

 
2. Envelope analysis: The amplitude of the oscillation 
varies slowly with time, and the shape of the slow 
time variation is called the “envelope”. By using the 
Hilbert transform, the rapid oscillations can be 
removed from the signal to produce a direct 
representation of the envelope alone. By equation (3), 
Z(t) is complex signal and the envelope of a complex 
signal, z (t) is defined as 

E (t) =|S (t) + j [H[s (t)]|              (4) 
 
That is, the absolute value of the analytic signal 
defined in equation (3). The envelope signal occupies 
the low frequency spectral region, the analysis of 
which gives better detection than the spectrum 
analysis of the original signal as the power frequency 
is eliminated from the signal. 
 
3. Discrete Wavelet transform (DWT):  
Wavelet transform decomposes a signal into a set of 
basis functions. These basis functions are called 
wavelets. The DWT is implemented using a multi 
resolution signal decomposition algorithm to 
decompose a given signal into scales with different 
time and frequency resolution. DWT decomposes a 
sampled signal s (t) by passing it through HPF (high 
pass filter) and LPF (low pass filter) into its 
approximate coefficients an  and several detail 
Signals dj. The decomposition can be iterated with 
successive approximation being decomposed in turn. 
High pass filter coefficients are called detail 
coefficient (dn) and low pass filter coefficients are 
called approximate coefficients (an). 
Power detail Density: It is defined as 

 
PDD = d j × d j                            (5) 

 
Power Detail Energy: It is given by 

PDE =  ∑ d j ×  d j                     (6) 
 
Where level of decomposition j, containing no. 
samples N. 
This decomposition is repeated to further increase the 
frequency resolution and the approximation 
coefficients decomposed with high and low pass 
filters and then down-sampled. This is represented as 
a binary tree with nodes representing a sub-space 
with different time-frequency localization. The tree is 
known as a filter bank. At each level in the above 
diagram the signal is decomposed into low and high 
frequencies. Due to the decomposition process the 
input signal must be a multiple of where n is 
the number of levels. Figure1 shows DWT filter 
bank. Table1 gives range of frequency band for detail 
coefficient up to five levels. 

Figure 1: DWT Filter bank 
 

Table 1: Frequency levels of Wavelet functions 
Coefficients 

Wavelet component Frequency band (Hz) 
Detail level d1 500-250 
Detail level d2 250-125 
Detail level d3 125-62.5 
Detail level d4 62.5-31.25 
Detail level d5 31.25-15.625 

 
III. EXPERIMENTATION 
 
For experimentation a 2 H.P, 3 phase, 4 pole, 415 
volts, 50 Hz squirrel cage induction motor is used for 
staging different faults on the motor. Experimental set 
up is shown in Figure 2. 
 
Motor used for experiment has 24 coils and 36 slots. 
Each phase comprising of 8 coils has 300 turns. Each 
phase is tapped where tapping is made after 10 turns. 
Tapings are drawn from coils where each group 
comprises of approximately 70 to 80 turns. Spring 
and belt arrangement is used for mechanical loading 
of motor. With 1 KHz sampling frequency, Phase 
voltage and stator current signals are recorded for 
different fault conditions. 
 

Figure 2: Experimental set up 
 
1. Healthy: 2 H.P motor is fed from three phase 
balanced supply. Load on the motor is varied from 75 
% of full load to full load. Stator current signals and 
phase voltages are captured for no load, 75 % of full 
load up to full load conditions. 
2. Bearing fault (Inner and Outer Race): Motor under 
test comprises of two bearings number 6204 and 
6205. Motor is fitted with different combinations of 
bearings having inner race or outer race defects. 
Stator currents and voltages for each combination of 
bearing are captured to compare it with healthy 
bearing condition. 
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3. Stator Inter turn Short Circuit: For this case study, 
stator windings of induction motor are modified to 
have several accessible tapings that can be used to 
introduce inter turn short circuits. For this 
experimentation phase A is tapped, where each 
tapping is made after 10 turns. Different 
experimentations are conducted with 10 turns, 20 
turns and 30 turns short circuited in phase A of motor 
and for different loading conditions, phase voltage 
and stator current signals are recorded. Figure 3(a, b, 
c) shows stator current signals. 
 

 
Figure3 (a): Stator current envelope of healthy case 

 

 
Figure 3(b): Stator current envelope of Bearing fault case 

 

 
Figure 3(c): Stator current envelope of Inter turn fault case 

 
IV. PROPOSED ALGORITHM 
 
Stator currents obtained in time domain does not 
show any differences, so there is a need to come up 

with feature extraction method for fault classification. 
Present approach is based on extraction of envelopes 
from the stator current signals by using Hilbert 
transform. Envelopes obtained for different fault 
conditions of motor are as shown in figure 4(a, b, c). 
 

 
Figure4 (a): Envelope of Healthy condition 

 

 
Figure4 (b): Envelope of Bearing fault condition 

 

 
Figure4 (c): Envelope of Inter turn fault condition 

 
V. FEATURE EXTRACTION USING DWT 
 
Detail level coefficients d1 to d5 are obtained from 
envelopes for different motor conditions, by applying 
DWT over it. In this paper Db4 is used as a mother 
wavelet. PDE and statistical parameters of PDD such 
as mean and standard deviation are computed at no 
load and full load for various fault conditions. Table2 
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shows PDE and Mean and standard deviation of PDD 
at no load and Table3 shows PDE and Mean and 
standard deviation of PDD at full load for different 
Fault conditions. 
 
Table2: Power Detail Energy and Mean and standard 

deviation of Power Detail Density for No load 
condition 

 
 
Table3: Power Detail Energy and Mean and standard 

deviation of Power Detail Density for full load 

 

VI. FLOWCHART OF PROPOSED 
TECHNIQUE 

 

 
Figure5: Flowchart of proposed techniques 

 
VII. DISCUSSION OF RESULTS 
 
An ANN with its excellent pattern recognition 
capabilities can be effectively employed for the fault 
classification of three phase induction motor. In this 
paper Multilayer Perceptron (MLP) is used for 
training and testing of results. It consist one input 
layer, one hidden layer, one output layer. 
Randomized data is fed to network and number of 
processing elements in hidden layer is varied by 
keeping hidden layer 1. TanhAxon transfer function 
and Momentum learning rule is used for training the 
network and average minimum square error MSE on 
training and testing data is obtained. PDE and 
statistical parameters of PDD such as mean and 
standard deviation of level d1 to d5 of current 
envelopes are computed and envelopes of one phase 
are fed as inputs to ANN. Output layer consists of 
three neurons representing healthy, bearing fault, and 
stator Inter turn fault conditions. With these 
assumptions variation of percentage accuracy of 
classification for induction motor under healthy, 
bearing fault, Inter turn fault condition with respect to 
number of processing elements is obtained is given in 
figure 6. At 6th number of PE 100 percent accuracy is 
obtained. 

 
Figure6: Percentage accuracy with respect to   processing 

elements for different fault conditions. 
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CONCLUSION 
 
This paper proposes a new technique for fault 
detection and diagnosis in induction motor and 
associated statistical parameter analysis to 
discriminate the healthy and faulty conditions using 
Artificial Neural Network is derived and studied. 
Multilayer Perceptron with Momentum learning rule 
and TanhAxon transfer function with six processing 
elements in hidden layer is the best network to 
classify multiple faults in Induction motor. Due to 
Hilbert transform and DWT having Db4 as a mother 
wavelet the method works with higher detect ability 
and higher resolution. The method is very suitable for 
online analysis in the present day industry. The 
technique may be applied to other faults analysis and 
low frequency research.  
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