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Abstract
The Fast Fourier Transform (FFT) method is successfully used 
for the rotor fault detection purpose in the induction machine. 
It is based on the common-steady state analysis of the motor. 
This method is successfully used with Motor Current Signature 
Analysis (MCSA) technique for last three decades. However, 
this method is suffered from some serious drawbacks such 
as; it is applicable only in the constant load condition not for 
the variable load. The frequency-domain methods which are 
commonly used, need accurate slip estimation for frequency 
components localization in any spectrum. It is also not suitable 
at the no-load or light load condition of the motor. At light load, 
it is difficult to distinguish between healthy and faulty rotors 
because the characteristic of broken rotor bar fault frequencies 
are very close to fundamental component and their amplitude 
are small in comparison.  As a result, detection of the fault and 
classification of the fault severity under light load is almost 
impossible. In order to overcome the above problems of the 
FFT based technique, the Short Time Fourier Transform (STFT) 
Method was proposed. The excellent feature of this method is 
that it is capable to diagnose rotor fault in the transient condition. 
This method also suffered from the disadvantage that it shows 
the constant window for all the frequencies therefore, shows 
poor frequency resolution. In order to overcome all the problems 
stated so far, recently powerful mathematical tool known as 
Wavelet Transform (WT) has been used which can diagnose 
rotor broken bar fault under no-load condition. It does not suffer 
from the constant window size. It shows variable window for 
every frequency and does not show resolution problem due 
to multiresolution feature of the  wavelet  transform.  In  the  
present paper, the wavelet analysis has been successfully used 
in the broken bar fault detection of the squirrel cage induction 
motor. This paper investigates the detection of rotor faults in 
induction machines by analyzing the starting current using a 
newly developed quantification technique based on the wavelet 
transform. The technique applies the wavelet transform to the 
envelope of the starting current. The envelope extraction is 
used to remove the strong fundamental component, which 
overshadows the characteristic differences between a healthy 
motor and a faulty motor with broken rotor bars. 

Keywords
Squirrel Cage Induction Motor, FFT, Fault Diagnosis and 
Identification, Wavelet Transform.

I. Introduction
Induction motors are inherently reliable and require minimum 
maintenance. However, like other motors, they eventually 
deteriorate and fail. This gives rise to the need for cost effective 
preventive maintenance based on condition monitoring, which 
can be addressed by monitoring and analysing the real-time 
signals of the induction motors.  There has been a substantial 
amount of research over the past three decades on the 
development of various steady-state condition monitoring 
techniques, which are mainly based on the Fast Fourier 

transform (FFT) [1-6]. The FFT analysis is usually applied 
when the motor is operating in the steady-state. Then, a set 
of measurements is taken over a period of time and is analysed 
to obtain the signal frequency components with any desired 
frequency resolution.
Broken rotor bars are one of the easiest induction motor faults 
to detect using steady-state stator current condition monitoring. 
This is based on monitoring the amplitudes of the double slip 
frequency sidebands of the fundamental supply frequency in 
the current spectrum [3]. It has been shown that the greater 
the rotor bar fault severity, the higher is the amplitude of these 
sidebands. However, the sideband amplitudes are also sensitive 
to motor loading [1]. For example at no load or at light loads, 
these broken rotor bar sidebands are not detectable due to the 
small rotor currents under this condition. Furthermore, a broken 
rotor bar fault at an early stage or partially broken rotor bars, 
which can lead to a larger failure or even be catastrophic, may not 
be detectable even under full load conditions. Therefore, there 
is a strong need to develop condition monitoring techniques to 
address these issues to allow earlier detection of rotor faults. 
During direct-on-line (DOL) starting, the rotor current of the 
induction machine is very high, typically 5 to 6 times of the 
rated current. Under these conditions, rotor faults should be 
much more evident than under normal running conditions. 
There is also the advantage that the starting current is less 
sensitive than the running current to the level of motor load, 
and so reliable data analysis can be obtained even with motors 
with no mechanical load. The two drawbacks in dealing with 
the starting current are firstly the motor speed is constantly 
changing during starting which means the fault related signal 
frequency components are changing in both amplitudes and 
frequency, and secondly the starting current only occurs for a 
short time. The starting time, which depends upon the total 
inertia of the motor and the load, may vary from a fraction of 
a second for small motors, up to several seconds for large 
motors. Therefore, due to the transient nature of the signal, 
conventional FFT analysis is not suitable for analysing starting 
currents. Although Short-Time Fourier Transform (STFT) can be 
used for analysing transient signals using a time-frequency 
representation, it can only analyse the signal with a fixed sized 
window for all frequencies, which leads to poor frequency 
resolution. However, wavelet techniques can overcome this 
problem by using a variable sized window. A wavelet technique 
for detecting broken rotor bars in induction motors has been 
reported in [7, 8]. In these studies, H.Douglas et al. uses an 
adaptive signal cancellation technique and wavelet coefficients 
[7], and Z. Zhang et al. utilises a wavelet ridge method in order 
to distinguish healthy and faulty motors. However, these earlier 
studies do not investigate the effect of the degree of fault (such 
as partial or multiple broken rotor bars), motor loading, the 
effects of the initial rotor position, supply imbalance, and the 
differences between the three phase currents. Furthermore, 
the studies do not investigate the variability of the technique 
under multiple motors of the same condition. This paper aims 
to address these issues and proposes an improved technique 
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for effective broken bar fault detection in induction motors 
using the final low frequency approximation signal.
Different faults of induction motors are generally classified as 
either electrical or mechanical faults. Different types of faults 
include stator winding faults, rotor bar breakage, misalignment, 
static and/or dynamic air-gap irregularities and bearing gearbox 
failures. The most common fault types of these rotating devices 
have always been related to the machine shaft or rotor [10, 11]. 
It is estimated that about 38% of the induction motor failures 
are caused by stator winding faults, 40% by bearing failures, 
10% by rotor faults, and 12% by miscellaneous faults. The rotor 
faults can result in excess heat, decreased efficiency, reduced 
insulation life, and iron core damage. Therefore, early detection 
of incipient rotor faults and appropriate maintenance can avoid 
more severe motor failures [9, 12].
In recent years, there is significant progress in the field of the 
fault analysis and maintenance of induction machines, with 
the extension of computer techniques, control techniques, 
and advance intelligence algorithms. Many methods of fault 
detection are proposed, such as the knowledge based method, 
the analytical model method and the signal processing method. 
The knowledge based method uses the interrelated information 
of objects diagnosed and the exact mathematics model of 
the system is not needed in knowledge based method. The 
precise mathematics model of object diagnosed is needed 
in the analytical model, including the state estimation, the 
parameter estimation, the equivalence space, etc. In the 
analytical model method the rigor diagnosis condition is 
required and this method has lots of limitation. The signal 
model is directly used in the signal processing method for the 
analysis of linear or non-linear systems, avoiding the difficulty 
of extracting mathematics models of objects. Signal processing 
method makes the spectral frequency analysis of the electric 
machines stator current [13-17].

II. Detection of Broken Rotor Bars
Using FFT for Steady State Analysis
Broken rotor bars can be detected by monitoring the stator 
current spectral components. These spectral components are 
illustrated by equation 1.

              (1)         

Where,  k=1,2,3,4…………
The amplitude of the left sideband is proportional to the number 
of broken bars. The spectral component associated with broken 
rotor bars is found at the frequency, fs(1-2s). In this section of 
the work, analysis is done by using the FFT for no-load, half-load 
and full-load conditions of the motor. The results are compared 
for all load conditions. It has been observed from the obtained 
results that the FFT method is not suitable for fault detection 
at no-load condition. The broken bar frequencies around the 
fundamental frequency are not clearly visualized.
The power spectrum of the healthy motor is as shown in fig 1. 
Since, the fundamental base frequency is 50 Hz. Therefore, it 
has been observed that in the fig. 1 the amplitude is highest 
in the frequency of 50 Hz. All the fault frequency will be occur 
around this fundamental frequency.

Fig. 1: Power Spectrum of Healthy Motor

The power spectrum of the healthy and faulty broken bar motor 
conditions at no-load is shown in fig. 2. The result analysis 
is done for various broken bars condition such as 1, 5 and 
12 broken bars for various loading conditions. Therefore, we 
may clearly understand how side lobes are increased with 
the fault severity of broken bars in the induction motor. It 
has already been stated that when the fault is occur then the 
stator current shows the side bands around the fundamental 
frequency. If any fault is occurred then amplitude of the side 
lobes are increased that is clear indication of the fault. It is 
due to the reverse rotating magnetic field in the inductor and 
mutual inductance.

  
Fig. 2 : Power Spectrums at No-Load Faulty Motor Condition

Fig. 2 shows the results for healthy and faulty motor at no-
load condition. The results shows for healthy and faulty motor 
for various broken bars. There is no variation in the side lobe 
frequencies are visualized. The variation practically must 
be taken place but that frequency content will be very small 
therefore not visualized. It is already stated that the FFT fault 
detection technique is non-invasive technique therefore; all 
the fault frequencies must be given around the fundamental 
frequency i.e. 50 Hz. If the machine is unloaded the slip will 
be approximately zero and and the frequencies associated 
with broken bars overlap the frequency of the supply. In this 
case it is impossible to detect the presence of the frequencies 
associated with broken rotor bars. As a result, the machine 
needs to be heavily loaded in order to separate these spectral 
components as well as increase the signal to noise ratio. It may 
be concluded from the above results that the rotor broken bar 
fault detection in the no-load condition from this non- invasive 
technique (FFT) is not suitable. It is one of the main drawback 
of the FFT method by using motor current signature analysis 
(MCSA).
The power spectrum results in the half-loaded condition of the 
motor are as shown in fig. 3. 
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Fig. 3 : Power Spectrums at Half-Load Faulty Motor            
Condition

The results are shown for various broken bars. It has been 
observed that from the results that the sidelobes around the 
fundamental frequency are visualized and fault frequencies 
are 46 Hz and 54 Hz respectively. It is noted that the fault 
frequency is unique in all the loading condition of the motor. 
If we compare the result which is obtained for one broken bar 
condition at half-load from the healthy motor response. It may 
be concluded that at the half load condition of the motor, FFT 
method is not suitable for rotor fault detection of one broken 
bar condition. It has been observed from the diagram for one 
broken bar which is shown in fig 3 that the side lobe is very 
small and not easily visualized. Therefore, it is quite difficult for 
the detection of fault for one rotor broken bar condition in the 
half-load condition also. In spite this drawback if we analyse 
fault detection for more broken bars motors such as for 5 and 
12. It may be successfully used and side lobes fault frequencies 
are clearly visualized as shown in fig 3.The power spectrum 
at full load condition is as given in fig 4 for the different rotor 
broken bars. It is clearly observed that when the rotor broken 
bar is increased then the amplitude of the sidelobes around 
the fundamental frequency is increased. 

   
Fig. 4: Power Spectrums at Full Load Conditions

It is also observed that fault frequencies are unique for all the 

loading condition as may be observed from the full load (see 
fig. 4). All the power spectrums are generated from the motor 
stator current hence, that is why it is also called motor stator 
current signature analysis (MCSA). This analysis is successfully 
used in the rotor fault detection.
Therefore, we can conclude that the FFT is efficient method for 
rotor broken bar fault detection purpose when load is constant. 
The highest efficiency is obtained at the full load condition. It 
is also concluded that this method is not suitable for light load 
condition i.e. under no-load condition. It is also observed that 
this method is not suitable for variable load condition. It gives 
best response when load is constant. To overcome all these 
problems the Wavelet Transform (WT) is successfully used for 
the rotor fault detection purpose.

III. Comparison of Results of Steady State Analysis 
(FFT)
The FFT analysis in the form of tables for various loading 
conditions are shown in Table 1, 2 and 3. Table 1 shows the 
power spectrum analysis of one broken bar at various loading 
conditions. 

Table 1: Power Spectrum Analysis of One Broken Bar at               
Various Loading Conditions

S.
No LC Slip Fig. 

No.

Fault Frequencies
K=1

OBVS
K=2

OBVSLSB
(Hz)

USB
(Hz)

LSB
(Hz)

USB
(Hz)

1 NL 0.01 fig: 2 49 51 NV 48 52 NV
2 HL 0.04 fig: 3 46 54 V 42 58 NV
3 FL 0.08 fig: 4 42 58 V 34 66 NV

LSB: Left Side Band, USB: Upper Side Band, LC:   Load Condition, 
NL: No-Load, HL: Half –Load, FL: Full-Load, V: Visible, NV: Not-
Visible,OBVS: Observations.

It has been observed that in the Table 1 for one broken bar when 
k=1 at that time at the no-load condition the fault frequencies 
around the fundamental frequency are not visualized. It is shown 
in fig. 2 for one broken bar condition also. But for the  half-load 
and full load condition the fault frequencies are visualized 
which are 46 and 51  Hz for half load and 42 and 58 Hz for full 
load at k=1. When k=2, at that time for all loading conditions the 
side lobes amplitude is too small, Therefore, fault frequencies 
are not clearly visible as mentioned in Table 1. 
In the case of five broken bar conditions the effect in the power 
spectrum is as shown in table 2. For k=1 at no-load condition 
amplitude of the side lobes are very small therefore, fault 
frequencies are not clearly visualized. For k=2 in the full load 
condition fault frequencies are visualized and at the no-load 
and half-load conditions are not visualized.

Table 2: Power Spectrum Analysis of Five Broken Bar at Various   
Loading Conditions

S.
No. LC Slip Fig

No.

Fault Frequencies
OB
VS

K=1
OB
VS

K=2
LSB
(Hz)

USB
(Hz)

LSB
(Hz)

USB
(Hz)

1 NL 0.01 fig:2 49 51 NV 48 52 NV
2 HL 0.04 fig:3 46 54 V 42 58 NV
3 FL 0.08 fig:4 42 48 V 34 66 V

In the case of twelve broken bar conditions the effect in the 
power spectrum is shown in table 3.
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Table 3: Power Spectrum Analysis of Twelve Broken Bar at 
Various Loading Conditions

S.
No. LC Slip Fig

No.

Fault Frequencies
OB
VS

K=1
OB
VS

K=2
LSB
(Hz)

USB
(Hz)

LSB
(Hz)

USB
(Hz)

1 NL 0.01 fig:2 49 51 NV 48 52 NV
2 HL 0.04 fig:3 46 54 V 42 58 V
3 FL 0.08 fig:4 42 48 V 34 66 V

For k=1 at no-load condition amplitude of the side lobes are 
very small therefore, fault frequencies are not clearly visualized. 
For k=2 at the half-load and full load condition fault frequencies 
are visualized. Therefore, it has been concluded that from 
the tables the FFT method is not suitable for the rotor fault 
detection under no-load condition. It has also been observed 
that in some cases FFT method is not suitable for rotor fault 
detection at half-load condition also. Therefore, finally it has 
been concluded that the FFT method gives ultimate response 
for full-load condition not for no-load and half-load. To overcome 
all the problems one most power full tool i.e. Wavelet. Transform 
which is successfully used for the rotor fault detection purpose 
in the present work.

IV. Rotor Fault Diagnosis with Wavelet Transform
The rotor fault diagnosis using wavelet transform is widely used 
in these days. The simulation results obtained from the wavelet 
transform for rotor broken bar are as shown in fig. 5(a) and fig. 
5(b). The full level decomposition of healthy and faulty motor is 
as shown in fig 5(a) and 5(b).The sampling frequency is set at 
5 KHz. The original signal s is decomposed at the 11th level of 
decomposition. The signal is decomposed in the two signals one 
is approximation signal and other is detailed signal. Each signal 
has its own frequency band. The detailed signal contains high 
frequency information and approximation signal contains low 
frequency information. The 11 level decomposition has been 
performed here in order to extract low frequency information. 
It is recommended to use high decomposition levels. For lower 
levels the mother wavelet is located more in time and oscillates 
faster in a short period of time. The mother wavelet is a prototype 
which generates other window functions. A Debauchees (db-10) 
mother wavelet is used in this work .There is no set rule exist to 
use the mother wavelet. The advantage of Debauchees mother 
wavelet is that it is most stable and during reconstruction of 
the signal from the wavelet coefficients it does not loose any 
information. As the wavelet goes to higher levels, it is located 
less in time and oscillates less due to the dilation nature of 
the wavelet transform. Therefore, fast and low type of faults 
can be detected with one type of wavelet.
Fig. 5(a) and fig. 5(b) shows that it has 11detailed signals and 
final approximation signal. The detailed signal contains high 
frequency information and the approximation signal contains 
low frequency information. The 11th level approximation 
signal contains frequency band 2.44 to 1.22 Hz. It is very low 
frequency and diagnose rotor broken bar fault correctly. It is 
observed that the final approximation signal of the healthy and 
faulty motor is completely different.

Fig 5 : (a) Full Level Decomposition of Healthy Motor

Fig 5 : (b) Full Level Decomposition of FaultyMotor (5-rotor 
broken bar)
The separate decomposition of the source signal is as shown 
in 6(a) and 6(b). It has been observed that in the 9th  level 
approximation signal, there is not much change it looks like as 
the source signal but the 10th level and 11th level approximation 
signal contained some useful information. The approximation 
signal has correct shape to find out rotor broken bar. Therefore, 
the 11th level approximation signal is used for the medium of 
diagnose for the broken rotor bar fault.
It may be observed from the fig. 6(a) and fig. 6(b) that there 
are small change make in the stator current approximation 
signal at level 9. Whereas in the 10th and 11th level it has 
given some satisfactory result as compare to the healthy motor. 
Therefore, for correct detection of rotor broken bar is possible 
in the 11th level. 

Fig 6 : (a) Separate decomposition for healthy motor

Fig. 6 : (b) Separate decomposition for faulty motor
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Since, the medium of fault diagnose is the final approximation 
signal i.e. 11th level approximation signal. The fig. 6 (a) and 
fig. 6 (b) and fig. 7(a) and fig. 7(b) are the results of full load 
condition. Now, we will observe the approximation signal at the 
different loading condition. These results are involved in the 
tree so commonly called tree method. From these results we 
can analyze the rotor broken bar at different load.
The approximation signal for healthy condition and rotor 
broken bar fault condition at half load, full load and no-load 
condition are given in fig. 7(a) to fig. (d). From these results 
we can understand the difference between the healthy and 
faulty results. First observe the result for healthy condition of 
the motor in fig. 7(a), this diagram also contains three signals: 
one is source signal, wavelet decomposition tree and finally 
approximation signal that is used for the rotor fault diagnosis. 
In the decomposition tree, the source signal is decomposed 
and get two signals those are called first level approximation 
and first level detail signal respectively. This decomposition 
is continued at level 11. There we can have 11th detail and 
11th approximation signal. Since the 11th level approximation 
signal contains low frequency information so, we can diagnose 
fault very easily from final approximation signal, that fault is 
involved at low frequency information.

 
          (a)                                                     (b)

  
                  (c)                                                     (d)
Fig. 7 (a): Approximation signal at healthy condition, (b) 
Approximation signal at full load condition, (c) Approximation 
signal at half load condition, (d) Approximation signal at no-
load condition

From the fig. 7 (a) to fig. (d), It is observed that the entire fig. 
is used for fault diagnosis of rotor broken bar; all the results 
are different from each other. Observe the result shown in fig. 
7(d), the result is shown for no-load condition there is much 
deviation in the stator current. In the other results there is small 
change in the stator current. It is a non-invasive technique of 
rotor broken bar fault detection, if we want to see waveform 
for fault diagnosis then observe the beginning and end point 
of the approximation signal, there we have observed distortion 
in the approximation signal waveform as per the nature of 
the result. The superimpose waveforms for healthy and faulty 
motor (5-broken bar) for full load is as shown in fig. 8 (a) and 
fig. (b).

  
Fig. 8 (a):Superimpose Waveform in Healthy  Condition, (b): 
Waveform in Faulty Condition    

After observing superimpose waveforms we can easily 
observe the difference between the healthy and faulty motor. 
It is observed that the waveform of faulty motor is completely 
different from the healthy motor. 

V. Conclusions
It has been concluded that the wavelet transform is successfully 
used in the detection of rotor broken bar fault at various loading 
conditions. It has been also observed that the FFT was not able 
to detect rotor broken bar fault at the no-load and half load 
conditions. In the present work, it has been observed that the 
wavelet transform has been successfully used for the rotor 
broken bar fault detection purpose in induction machine for 
half-load and no-load conditions. In the present paper many 
methods are used for the detection of rotor broken bar fault by 
using wavelet transform. The wavelet transform methods are 
successfully used for the rotor fault detection purpose from 
various ways as discussed. The tree method which is used 
final level approximation signal for rotor fault detection purpose 
as discussed in the present work also. It has been observed 
that the final level approximation signal is used efficiently for 
low frequency rotor broken bar fault detection purpose. It is 
also used in the fault detection for various loading conditions 
successfully. The main advantage of the wavelet transform is 
that if we do decomposition then the low frequency information 
may be extracted. This low frequency information contains 
useful information of the fault. The wavelet transform is a non-
invasive technique of the rotor fault detection in induction motor. 
Therefore, the superimpose waveform may be successfully 
used for the rotor fault detection purpose. Since, superimpose 
waveform contains all the useful information of the fault. If we 
visualize the waveform by using this method clearly we can 
understand how powerful tool is the wavelet. Finally, it may be 
stated that the wavelet transform is successfully used for the 
detection of incipient faults. This method is widely used in the 
fault detection in transient condition. Therefore, the capability 
of this tool for the early fault detection becomes important tool 
for the detection of induction motor rotor faults.   
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