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Abstract – In this paper, the authors propose a method for 

the diagnosis of rotor bar failures in induction machines, 

based on the analysis of the stator current during the startup 

using the Discrete Wavelet Transform (DWT). Unlike other 

approaches, the study of the high-order wavelet signals 

resulting from the decomposition is the core of the proposed 

method. After an  introduction of the physical and 

mathematical basis of the method, a description of the 

proposed approach is given; for this purpose, a numerical 

model of induction machine is used, in such a way that the 

effects of a bar breakage can clearly be shown, avoiding the 

influence of other phenomena not related with the fault. 

Afterwards, the new diagnosis method is validated using a set 

of commercial induction motors. Several experiments are 

developed under different machine conditions (healthy 

machine and machine with different levels of failure) and 

operating conditions (no load, full-load, pulsating load and 

fluctuating voltage). In each case, the results are compared 

with those obtained using the classical approach, based on the 

analysis of the steady-state current using the Fourier 

Transform. Finally, the results are discussed and some 

considerations about the influence of the DWT parameters 

(type of mother wavelet, order of the mother wavelet, 

sampling rate or number of levels of the decomposition) over 

the diagnosis are done. 

 

Index Terms – Broken rotor bars, startup transient, fault 

diagnosis, wavelet analysis. 

 

I. INTRODUCTION 
 

The classical approach used in the industrial 

environment for the detection of broken rotor bars in 

induction machines is based on the analysis of the stator 

current in steady-state, using two harmonic components 

placed around the main frequency component at distances 

─2sf and +2sf (sideband harmonics), where f is the supply 

frequency and s is the slip [1,2]. This approach has been 

widely used due to its inherent advantages. However, it has 

some drawbacks for diagnosis purpose. One of them is 

load-dependence, since the amplitude of the current 

components depends on the load connected to the motor 

and on the inertia of the connected motor-load system. 

Furthermore, if the machine is unloaded, this approach is 

unsuitable, because the slip will be approximately zero and 

the frequencies associated with broken rotor bars will 

overlap the supply frequency. Another problem of this 

method is that frequencies similar to those used for rotor 

bar breakage detection can be generated by other causes 

such as low frequency oscillating torque loads, voltage 

fluctuations or bearing faults [3]. Several interesting 

methods based on steady-state analysis can avoid some of 

these disadvantages [4-6], but most of them analyse other 

magnitudes [7-8]. 

Some new proposals based on the analysis of the current 

and other magnitudes during the transient processes of the 

induction machine have been recently published [9-16]. 

The study of these processes constitutes an important 

information source that can complement that provided by 

the steady-state analysis, avoiding its disadvantages but, at 

the same time, maintaining its simplicity. During those 

processes the machine works under more critical 

requirements (currents and stresses), fact that can help to 

amplify the evidences of certain incipient faults.  

In this sense, an approach based on the analysis of the 

stator current during the startup transient has been recently 

proposed [9-10]. The proposed approach is based on the 

application of the Discrete Wavelet Transform (DWT) to 

the startup stator current in order to extract the evolution 

of the components associated with the fault during the 

transient.  

Methods proposed by other authors are focused on the 

analysis of the wavelet coefficients [13,14] or use other 

mathematical techniques such as the wavelet ridge [15]. 

Other works [11-12] convolute the startup current signal 

with a Gaussian wavelet, which was centred on a 

particular frequency, in order to extract the evolution of 

the fault components.  

Unlike all those methods, the approach proposed by the 

authors focuses on the study of the high-level wavelet 

signals resulting from the DWT analysis. This allows a 

good interpretation of the phenomenon, since the variation 

of these signals reflects clearly the evolution of the 

harmonics associated with broken rotor bars during the 

transient. 
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Wavelet theory has proved to be a powerful tool for the 

analysis of transient processes [17-19]. DWT decomposes 

the current into a set of signals. Each one of these signals 

contains the information of the original signal within a 

certain frequency band. When a broken bar is present in the 

machine, a characteristic harmonic with a particular 

frequency variation appears during the startup process. The 

evolution of this harmonic is reflected clearly in the low-

frequency wavelet signals resulting from the analysis, a fact 

that allows the detection of this kind of fault in the 

machine, since this particular variation does not appear in 

the same machine operating under healthy conditions. 

An important advantage of this method is that it gives a 

correct diagnosis in some cases in which the classical 

approach does not provide so accurate results, such as the 

case of voltage fluctuations or oscillating torque loads. In 

these situations, the steady-state analysis is difficult since 

some frequency values close to those used for broken bar 

detection appear in the healthy machine, a fact that can lead 

to confusion or wrong diagnosis.  

Moreover, the use of the wavelet signals (approximation 

and high-order details) resulting from the DWT constitutes 

an interesting advantage since these signals act as filters, 

according to Mallat algorithm, allowing the automatic 

extraction of the time-evolution of the low frequency 

components that are present in the signal during the 

transient. The computation time required for the analysis is 

usually negligible; in addition, the proposed technique does 

not use any intricate algorithm for the extraction of the 

evolution of the signal components. 
In this paper, the method for the diagnosis of broken 

rotor bars is described and applied to industrial induction 

motors. The new approach is also compared with the well-

known method, based on the Fourier analysis of the stator 

current in steady-state. Several experiments are developed 

for different fault cases and operating conditions such as 

one-bar breakage, two-bar breakages and different load and 

supply voltage conditions. For testing purposes, the bar 

breakages were forced in the laboratory in industrial motors 

in order to compare machine behaviour in healthy and 

faulty conditions.  

 

II. PHENOMENON DESCRIPTION AND PROPOSED 

APPROACH  

 

As it was shown in [1-4], broken rotor bars cause 

harmonic components to occur in the stator current. The 

main of these current harmonics (left sideband component) 

has a frequency that is given by (1).  

 

  )ffLs s21(                          (1) 

During the startup, the slip s varies from a value equal to 

1 at the beginning, to a value near zero in steady-state; thus, 

if the process is not too fast, the frequency for this 

harmonic (fLs) changes from the fundamental frequency to 

zero and again to the fundamental frequency. The 

existence of this harmonic and this particular evolution 

was also stated in other works by Watson and others [11-

12]. The extraction of this harmonic evolution by means of 

a time-frequency decomposition tool such as the DWT is 

the basis of the method proposed.  

The wavelet theory states that every sampled signal s 
(s1, s2, …sN) can be approximated by the sum of an 

approximation signal an and some detail signals dj [17, 20-

21], according to (2).  
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i  ,  are the scaling and wavelet coefficients 

respectively, φ 
n
(t), ψ 

j
(t) are the scaling function at level 

n and wavelet function at level j respectively, and n is the 

decomposition level. an is the approximation signal at 

level n and dj is  the detail signal at level j [20-21]. 

Mallat algorithm shows that each signal is associated 

with a certain frequency band. If fs (samples/s) is the 

sampling rate used for capturing s, then the detail dj 

contains the information concerning the signal 

components whose frequencies are included in the interval 

[2
-(j+1)

fs , 2
-j
fs] Hz. The approximation signal an includes 

the low frequency components of the signal, belonging to 

the interval [0, 2
-(n+1)

fs] Hz [18]. 

Fig. 1 shows the upper-level signals a10, d10 and d9 

resulting from the wavelet decomposition of the startup 

stator current (s(t)) in a machine with two broken rotor 

bars, obtained from simulation with fs=10,000 

samples/sec. Characteristics of the simulation model are 

described in [22].The DWT of the startup current was 

performed using the MATLAB Wavelet Toolbox. 

Daubechies-40 mother wavelet was used for the analysis. 

The convenience of using such a high order mother 

wavelet will be justified in Section IV. It can be seen in 

the figure that the energies of these wavelet signals, 

associated with frequency bands below 50 Hz (supply 

frequency), show a clear increase in those time intervals 

when the frequency of the left sideband harmonic is 

included in the frequency band of the wavelet signal, 

following a characteristic variation according to the 

description of the frequency evolution mentioned above.  

 

 

 

 

 

 

 

 

 
 
 

Fig. 1. Characteristic pattern in the wavelet decomposition of 
the startup current.  

  

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

Time (s)

 

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

Time (s)

s(t)
  

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

Time (s)

 

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

[ 0 , 4.88] Hz

[ 4.88, 9.76 ] Hz

[  9.76 ,19,52 ] Hz

Time (s)

s(t) s(t) 



   This makes it possible the definition of a general pattern 

for the characterization of bar breakages [9] based on the 

decomposition of the startup current, determined by the 

evolution of the left sideband component frequency. 

Through analysis of this pattern, a certain influence of the 

DWT parameters was appreciated. In this sense, the order 

of the selected mother wavelet was seen to affect the 

overlapping between the frequency ranges of the different 

bands. This explains the fact why the pattern is clearer 

when using a high-order mother wavelet for the analysis. 

 

III. APPLICATION OF THE NEW METHOD 

 

Experiments were developed in order to apply the 

method proposed [9-10] to industrial induction machines. 

For this purpose a set of 1.1 kW industrial motors was 

used. The rotor bar breakages were forced in the laboratory, 

opening the motors and drilling artificially the holes in the 

different bars. The main characteristics of the tested motors 

are: Star connection, rated voltage (Un): 400V, rated power 

(Pn): 1.1 KW, 2 pair of poles, primary rated current (I1n): 

2.7A, rated speed (nn): 1410 rpm and rated slip (sn): 0.06. 

The number of rotor bars is 28.  

Each tested motor was coupled to its load through a 

system of pulleys and straps in order to couple both 

machines through different speed rates. The load is a DC 

machine with rated speed 2000-3000 rpm, rated voltage 

220 V, 3 KW, 1 pair of poles, excitation rated current: 0.4 

A,  armature rated current: 13.6 A. The supply frequency 

used in the experiments was 50 Hz. 

Measures of the primary current were taken during the 

startup transient and in steady-state for the different cases 

tested. The sampling frequency used for capturing the 

signals was 5,000 samples/sec. Subsequently, the DWT of 

the startup current with 8 decomposition levels was 

performed using the MATLAB Wavelet Toolbox and 

Daubechies-40 as mother wavelet. Table I shows the 

frequency bands corresponding to the high-order wavelet 

signals resulting from the analysis. 

 

 
Table I. Frequency bands for the high-order signals 

 

Level Frequency band 

d7 19.53 – 39.06 Hz 

d8 9.76 – 19.53 Hz 

a8 0 – 9.76 Hz 

 

Fourier analysis of the current in steady-state was also 

performed using MATLAB, with a frequency resolution of 

0.2 Hz. Both methods were compared in six different faulty 

and operating conditions. The cases that are studied are: 

A. Healthy machine under full load (s=0.06) 

    
   In Fig. 2 (a) and (b) are displayed the DWT of the startup 

current and the FFT of the steady-state current, 

respectively.  The sideband component with frequency 

given by (1) does not appear in the Fourier analysis, since 

there are no broken rotor bars in the machine. The 

components at 40 Hz and 60 Hz are not related with the 

bar breakage. They are introduced by the pulleys coupling 

and they are present for the different cases tested. 

   The wavelet analysis shows that the upper-level signals 

(a8, d8 and d7) associated with frequency bands below 50 

Hz, do not present any significant variation, once the 

electromagnetic transient ends. From this, it can be 

concluded that the harmonic associated with broken bars is 

not present in this situation. 
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       (b) 
Fig. 2. Loaded machine in healthy mode. (a) Wavelet analysis of 

startup current (b) FFT analysis of current in steady state 

 

B. Loaded machine with two broken rotor bars 

(s=0.06) 

 

Fig. 3 (a) and (b) show the corresponding wavelet and 

FFT analysis of the current, respectively. The Fourier 

analysis shows the appearance of two sideband 

components around the fundamental, a fact that indicates 

the possible occurrence of a rotor bar breakage in the 

machine. However, the magnitude of these sideband 

components is not too high since only two rotor bars are 

broken.  

The analysis of the signals resulting from the wavelet 

decomposition shows a particular variation that fits the 

characteristic pattern mentioned before, caused by the 

presence of broken rotor bars in the machine. From this, it 

can be concluded that both methods inform about the 

presence of broken rotor bars in a loaded machine.  
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 (b) 
Fig. 3. Loaded machine with two broken bars. (a) Wavelet analysis 

of startup current (b) FFT analysis of the current in steady state  

 

 

C. Unloaded coupled machine with one broken rotor 

bar (s=0.01) 

For this experiment, developed with a machine with only 

one broken bar, the excitation current of the DC machine 

which acts as load is disconnected, although the motor 

remains coupled to it. This results in a significant slip 

reduction. This fact makes diagnosis difficult if only the 

Fourier method is used, since the sideband components 

almost overlap with the fundamental frequency [6], as it 

can be seen in Fig. 4 (b). Nonetheless, the high-order 

wavelet signals (a8, d8 and d7) resulting from the DWT 

analysis of the startup current show a variation that fits well 

with the pattern described above. Thus, in this case, the 

information provided by the method can complement that 

given by the classical approach in order to reach a more 

accurate diagnosis.    
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(b) 

Fig. 4. Unloaded machine with one broken rotor bar. (a) DWT 
analysis of  the startup current (b) FFT analysis of the current in 

steady state  

D. Unloaded uncoupled machine with one broken 

rotor bar (s=0.001) 

   For testing this case, the machine is decoupled from the 

mechanical load and thus, it is only subjected to its own 

inertia and mechanical losses. In the FFT analysis (Fig. 5 
(c)), the sideband components associated with broken 

rotor bars do not appear. The reason is that the machine is 

decoupled, the slip is very low and, therefore, the sideband 

components overlap the frequency of supply. On the other 

hand, the variations of the wavelet signals in Fig. 5 (a) do 

not fit with the pattern associated with broken rotor bars 

mentioned above. This is due to the fact that, since the 

machine is unloaded, the startup process is too fast and the 

initial electromagnetic transient overlaps the bar breakage 

fluctuations. However, this problem can be avoided easily 

by increasing the duration of this transient, for instance, 

starting the machine under a reduced voltage. This is what 

is done in Fig. 5 (b), where the machine is supplied with 

88 V. There can be clearly seen those variations that fit 

with the above described characteristic pattern. 
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Fig. 5. Unloaded uncoupled machine with one broken bar. (a) 
Wavelet analysis of startup current at 390 V (b) Wavelet analysis of 
startup current at 88 V (c) FFT analysis of the current in steady 
state  at 390 V. 
 
 

E. Healthy machine under full load (s=0.06) with 

periodical fluctuation in the supply voltage 

 

In this test, the machine is supplied with a voltage 

system whose RMS value fluctuates periodically, being the 

fluctuating frequency 3.3 Hz. This situation can take place 

in machines supplied by low short-circuit power networks, 

that feed at the same time, other devices which consume 

energy in an oscillating way.  The fluctuating voltage was 

obtained by means of a parallel branch which allowed the 

cyclical connection or disconnection of a suitable resistance 

in series with each supply phase. This fluctuating supply 

voltage is shown in Fig. 6. 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Fluctuating voltage applied to the machine 

 

 

 The spectrum obtained using the FFT (Fig. 7 (b)) is quite 

similar to that displayed for the loaded machine with 2 

broken rotor bars (Fig. 4 (b)). This analysis could provide a 

wrong diagnosis of the rotor breakage. On the other hand, 

the oscillations that can be seen in the signals obtained with 

the DWT (Fig. 7 (a)) do not fit with the rotor bar breakage 

pattern. This fact allows discarding the existence of this 

fault. In this example, it can be seen that the proposed 

method behaves correctly whereas the Fourier approach 

can lead to erroneous conclusions. 
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                                                         (b) 
Fig. 7. Loaded healthy machine with fluctuating voltage.(a) 
Wavelet analysis of startup current (b) FFT analysis in steady state  

 

F. Healthy machine loaded with low frequency 

periodical fluctuating torque 

The conditions of this test simulate the operation of a 

machine coupled through a gear reducer to a load with a 

cyclically variable torque. During the test, the fluctuating 

torque is simulated by switching on and off successively 

the excitation winding of the D.C. machine that acts as 

load. In the test, the load torque varies cyclically between 

zero and the rated torque, with a frequency equal to 3.3 

Hz. In these conditions, a couple of harmonics appear in 

the stator current, which frequencies are very similar to 

those of the left sideband harmonics in a faulty machine 

[6]. The conclusions of this experiment are similar to those 

obtained in the previous case. The steady-state analysis, 

displayed in Fig 8 (b), would lead to a wrong diagnosis of 

the rotor bar breakage. However, this diagnosis is rejected 

when analysing the DWT components, which do not show 

the characteristic pattern corresponding to this fault.  
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(b) 
Fig. 8. Healthy machine loaded with fluctuating torque. (a) wavelet 

analysis of startup current (b) FFT analysis of current in steady 
state  

 

 

IV. SOME CONSIDERATIONS ABOUT THE DWT 

PARAMETERS 

 

 

  The different experiments performed showed the 

suitability of the method for the detection of broken rotor 

bars. However, some considerations have to be done 

regarding the different parameters of the DWT 

decomposition, such as the type of mother wavelet, the 

order of the mother wavelet or the number of 

decomposition levels. 

   With regard to the type of mother wavelet, the 

Daubechies family was well suited for the application of 

this method, due to its inherent properties, although other 

families (simlet, biorthogonal, Gaussian, and specially 

dmeyer) also allowed a clear detection of the pattern.  

   When using the Daubechies family, an important fact 

observed was the overlapping between the frequency bands 

associated with successive wavelet signals resulting from 

the DWT of the current. This is due to the fact that the 

wavelet signals act as non-ideal filters, extracting the 

components of the signal included within a certain 

frequency band that can overlap partially with the adjacent 

band [17,23]. In this sense, it was observed that, when 

using a high-order Daubechies wavelet for signal 

decomposition, the overlapping was smaller than when 

using a low-order one. In other words, high-order wavelets 

behave as more ideal filters, a fact that helps to avoid 

partially the overlapping between frequency bands.  

   Finally, the number of decomposition levels (nd) is 

related to the sampling frequency of the signal being 

analysed (fs). This parameter has to be chosen in such a 

way that the DWT supplies at least three high-level signals 

(two details and an approximation) with frequency bands 

below the supply frequency f; this condition implies: 

 

                                  2 fd nn      ,                           (3) 

 

   being nf the level of the detail which contains the supply 

frequency, that can be calculated using (4). 

               

                                ffs

nd 
 )1(

2                             (4) 

 

   This condition means that the lower limit of the 

frequency band of the nf level detail is lower than the 

supply frequency (see section II). 

 

   Thus: 

 
                                                               (integer)    (5) 

  

 

 

V. PRACTICAL DISCUSSION ABOUT THE 

APPLICATION OF THE METHOD 

 

   The application of the method requires a minimum 

length for the startup, since several periods in each 

wavelet signal are needed in order to identify the 

characteristic pattern associated with the bar breakage; as 

a guideline, with starting times above 0,5 seconds the 

method is suitable, but it is difficult to be applied if the 

startup is faster. In comparison with Fourier analysis, the 

method does not require loading the machine, but its 

application needs a minimum inertia factor in the group, 

so that the starting time is as the above commented. This 

fact is not an important drawback, since machines with 

low starting time (and consequently, with low inertia 

factor and light resistant torque) have low risk to suffer 

from bar breakages.  

   With regards to the application of the method to 

machines supplied by electronic controllers, the approach 

works perfectly when a soft-started is used, since the 

starting time increases (and this produces a clearer 

pattern); in addition, the current harmonics produced by 

the soft-starter have mainly orders that are multiple of the 

supply frequency and, in consequence, they have no 

influence on the high order (low frequency) signals used 

for the diagnosis. 

   The method, in the way explained here, is not directly 

applicable to motors supplied by inverters, in the way 

explained here; in that case the startup is performed with 

variable frequency and the slip maintains low values along 

the whole process; so, the evolution of the left sideband 

harmonic is completely different from that described in 

Section II, and its frequency remains always close to the 

fundamental frequency. 

   In any case, as for the low inertia drives before 

commented, these cases have a relative interest, since 

motors driven by inverters or soft-starters usually are 

subjected to light thermal and mechanical stresses during 

startup, and thus, have low probability of suffering bar 

breakages. 
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VI. CONCLUSIONS 

 

   This paper introduces a method for the diagnosis of bar 

breakages in induction machines: In the case of bar 

breakage, the higher level components of the DWT of the 

startup stator current follow a characteristic pattern which 

is described in detail and physically assessed. The method 

is tested in different faulty and operating conditions and its 

results are compared with those obtained from the classical 

Fourier analysis of the stator current in steady-state. In 

addition, some considerations about the influence of the 

DWT parameters are done in the paper.  

   The tests show that if the startup transient is not very 

short, the reliability of the proposed method for the 

diagnosis of bar breakages is similar to that of the classical 

approach, based on the Fourier transform, in the case of 

loaded motors; but in addition, the method can detect faults 

in an unloaded condition and it allows a correct diagnosis 

of a healthy machine in some particular cases where 

Fourier analysis leads to an incorrect fault diagnosis.  
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