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SUMMARY 
 A proposed algorithm for the detection and localization of rotor faults in a squirrel cage induction machine is presented 

in this paper. This algorithm uses the behavior of the current spectral analysis and the estimation of the rotor speed to detect 
bars faults in three phase induction machine. In order to simulate the faulty motor behavior, a mathematical model is being 
adopted and simulation results obtained verifies well the performance of the proposed algorithm.  
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1. INTRODUCTION 
 

Fault detection at an early stage (preventive 
maintenance) has become a major necessity so as to 
avoid the total breakdown of electrical machines and 
therefore industrial processes from stopping.  Real 
time monitoring of electrical machines is hence 
recommended to detect faults in machines, 
particularly those machines used for electricity 
generation and high power drives. Amongst the 
various diagnostic methods employed, the spectral 
current analysis technique is the most used one. This 
technique not only enables the detection of other 
types of fault, but it is also easily implemented and 
requires neither a sensor on the motor shaft, nor the 
need for expensive equipments [1, 2]. It is based on 
the detection of frequency harmonic components 
generated in the stator current signal (SCS) 
spectrum. These harmonics result from the 
unbalance caused by faults affecting the different 
parts of the machine.  Other harmonics produced by 
the machine geometry such as the space and rotor 
slot harmonics appear also in the SCS spectrum of 
the machine. The presence of these rotor slot 
harmonics also called the principal rotor slot 
harmonics (or HPER) is essential for most of the 
Sensorless speed induction machines [3].It possible 
to know the speed of rotation of the motor without 
using a sensor on its shaft. The method is based on 
the detection of the frequency of the first principal 
rotor slots harmonic (or HPR1) which corresponds 
to the harmonic of maximal amplitude.  

The frequencies of the characteristic harmonics 
of the different faults (or CHF) are found to be 
intimately tied to the slip and hence to the rotor 
speed [4, 5]. The knowledge of the rotor speed of the 
machine is therefore essential for the calculation of 
the CHF frequencies and facilitates their detection in 
the SCS spectrum.  

2. THE MODEL OF THE MACHINE  
 

A three-phase cage motor is considered, its rotor 
is constituted of nb isolated bars, distributed 
uniformly on the surface of the rotor and short-
circuited by two rings.  In order to study its 
performance, we used a model where the cage is 
considered like a mesh circuit as shown in Fig. 1. 
The number of differential equations obtained is 
equal to the number of bars plus one (so as to take 
into account one of the two rings) [6].   
 
 

 
   

Fig. 1  The mesh circuit of the cage rotor. 
     
 
    Under classical hypotheses, the mathematical 
model of the machine is given by equations of the 
voltage [7, 8]:   
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3. SCS SPECTRUM CONTENT WITH AND 
WITHOUT FAULTS 

 
3.1. Machine without fault   
 

Under normal operating conditions of a healthy 
induction machine, besides the fundamental 
harmonic, appears in the SCS spectrum, the HPER 
frequency, fher given by the following expression 
[9]:   
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where f1 is the fundamental supply frequency, s is 
the slip, p is the number of pole pairs, v is the stator 
time harmonics order that are present in the supply 
voltage, bn  is the rotor bars number and k is any 
positive integer number.  The harmonics created by 
taking into account the effect of the space harmonics 
components have the same frequencies as those due 
to the slotting effect [10].   
 
3.2. Machine with broken bars fault   
 
    Under abnormal operating conditions related to 
the asymmetry caused by the broken rotor bars fault, 
sequence of additional sidebands components appear 
around the fundamental at frequency f b  given by [6, 
9]: 
    

121 ks)f(fb ±=                                                (4) 
 

These classical twice slip frequency sidebands 
components are the characteristic harmonics (CHF) 
that have been widely used in scientific literature to 
diagnose broken bars fault. 

Other spectral components can appear in the SCS 
spectrum at frequencies given by the expression [4, 
9]: 
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4. THE PROPOSED ALGORITHM 

DESCRIPTION 
 

The algorithm is being designed for the diagnosis 
of faults in electrical machines. The diagnosis is 
based essentially on the localization of the CHF 
which are directly linked to the slip of the machine. 
It is the reason for which any procedure elaborated 
for the localization of the CHF will have as a first 
task to estimate the slip (i.e. the speed) of the 
machine.  

For the speed estimation, we consider only the 
HPR1 frequency 1hprf  given by:  
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from this equation one can deduce the rotor speed as 
follows: 
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We notice in Equation (7) that the speed 

estimation requires the knowledge of the supply 
frequency 1f , the number of rotor cage bars bn  and 

the frequency 1hprf  of the HPR1. The search is done 
within an interval bounded by two frequencies, the 
higher frequency corresponding to a no-load 
operation (s=0) and the lower frequency 
corresponding to an overload operation (slip of the 
order s=0.07). This interval is selected in order to 
correspond to all the cases of possible working of 
the machine. It is important to note that in this 
interval the amplitude of the HPR1 is the most 
important [5]. Therefore, once the interval is 
delimited, a scanning is done in order to find the 
frequency of the harmonic of maximal amplitude 
which will then correspond to the HPR1 frequency. 
 

The proposed algorithm for speed estimation and 
faults detection can be summarized by the following 
steps: 
   
1.  Data acquisition of stator current signal (SCS).  

2.  Determination and analysis of the SCS spectrum 
(FFT).  

3.  Localization of the HPR1 in the SCS spectrum. 
This is done by scanning the interval [( bn /p-2)f1, 

( bn /p-1)f1] containing the 1hprf obtained from 
Equation (6), in order to determine the harmonic 
having the largest amplitude.   

4.  Estimation of the speed from Equation (7).   

5. Prediction of the CHF frequencies using Equation 
(4). The prediction of these frequencies means that if 
a fault exists, the harmonic frequencies of that fault 
on the SCS spectrum must correspond inevitably to 
the predicted frequencies.   

6. Scanning of the SCS spectrum with the purpose to 
know if the harmonics having these frequencies do 
exist, so as to conclude on the presence or absence 
of faults linked to these harmonics.   

7. Assessment of the degree of fault severity. This is 
done by the comparison of the amplitude of the CHF 
with those contained in the data base. This data base 
contains the interval of variation of the characteristic 
amplitudes of the different CHF faults for different 
degrees of severity.  
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5. SIMULATION RESULTS AND 
INTERPRETATIONS 

 
A simulation program written in C++ is developed 

in order to highlight the algorithm performance for 
faults detection. The induction motor used is a 7.5 
HP, 4 poles, 50Hz, 220/380volts, 36 stator slots and 
28 rotor bars.  A stator current spectral analysis 
using the FFT of the Matlab is carried out on both a 
healthy motor and a faulty one. 
    The faults dealt with are broken bars fault but the 
algorithm can also be extended to include 
eccentricity faults as shown in Fig. 6. The presence 
of these faults is generally illustrated by the 
appearance of characteristic harmonic frequencies 
CHF in the SCS spectrum. Since the prediction of 
these frequencies is being based on the calculation 
of the speed, the error made in the speed calculation 
will be reflected on the calculation of these 
frequencies. Due to this fact, the search for 
frequencies of the CHF is carried within an interval 
of f ± ∆f, with ∆f being the resolution of the fast 
Fourier transform (FFT).    
      
5.1. Algorithm application for speed estimation 
 

 In this first case we present two applications of 
the algorithm for speed calculation by using the 
localization of the HPR1 for both a healthy and then 
a faulty motor.   

Figure 2, depicts the speed waveform and the 
SCS spectrum respectively at the neighborhood of 
the interval of search for the HPR1 in the case of a 
healthy motor.  The application of the algorithm for 
speed calculation in the SCS spectrum of Fig. 2.b, 
gives the frequency of the HPR1, 1hprf = 643.2 Hz. 
From Equation (7) the speed is therefore calculated 
as ncalc = 1485.42 rpm. Comparing this calculated 
speed to that shown in the motor speed curve of Fig. 
2.a, where   n = 1485.09 rpm, one can deduce that 
there are almost equal.   

Figure 3, shows also the speed waveform and the 
SCS spectrum respectively but for the case of a three 
broken bars faulty motor. The frequency of the 
HPR1 in Fig. 3.b, is 1hprf = 637.6 Hz. From 
Equation (7) ncalc = 1473.4 rpm, which is again 
equals to that shown in the motor speed curve of Fig. 
3.a, where n = 1473.3 rpm.   

 
5.2 Algorithm application for faults detection 
 

In this second case we present three applications 
of the algorithm for faults detection for both a 
healthy and then a faulty motor. Figure 4, Figure 5 
and Figure 6, illustrate respectively zooms of a 
portion of the   SCS spectrum around (a) the HPR1, 
(b) the fundamental and (c) the HPER.  

The execution of the algorithm for fault detection 
on the SCS spectrum shown by Fig. 4.a, gives a 
frequency 1hprf = 632 Hz. From Equation (7) the 
calculated speed ncalc = 1461.42 rpm. This speed 

(or slip) enables one to predict the frequencies of the 
CHF using Equation (4).  The broken bars fault 
frequencies are then predicted as fb1 = 47.43 Hz and 
fb2 = 52.57 Hz. 

 

 

 
 

Fig. 2  (a) Rotor speed (b) SCS spectrum, for a 
healthy motor. 

 

 
 

 
 

Fig. 3  (a) Rotor speed (b) SCS spectrum, for a three 
broken bars fault motor.
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A scanning of the SCS spectrum around the 
fundamental component Fig. 4.b, and the rotor slots 
harmonics Fig. 4.c, respectively shows that the 
harmonics of the predicted frequencies fb1 and fb2 
do not exist; therefore one can conclude that this 
application is concerned with a healthy motor.   
 

 
 

 
 

 
 

Fig. 4  Zooms of the SCS spectrum respectively for 
(a) the HPR1, (b) the fundamental, (c) the HPER for 

a healthy motor. 
 

The execution of the algorithm for fault detection 
on the SCS spectrum shown by Fig. 5.a, gives a 
frequency 1hprf = 630 Hz. From Equation (7) the 
calculated speed ncalc = 1457.14 rpm. This speed 
(or slip) enables one to predict frequencies of the 
CHF using Equation (4).  The broken bars fault 
frequencies are then predicted as fb1 = 47.14 Hz and 
fb2 = 52.85 Hz.   

A scanning of the SCS spectrum around the 
fundamental component Fig. 5.b, and the rotor slots 
harmonics Fig. 5.c, respectively, enables us to detect 
the existence of the harmonics of the broken bars 
fault at frequencies fb1 = 47.2 Hz and fb2 = 52.8 Hz 
which are very close to those predicted, and 
therefore confirms the existence of the broken bars 
fault. 

 
 

 
 

 
 

Fig. 5  Zooms of the SCS spectrum respectively for 
(a) the HPR1, (b) the fundamental, (c) the HPER for 

a broken bars fault motor. 
 
    A last execution of the algorithm for fault 
detection on the SCS spectrum is given by Fig. 6. 
This concerns the case of the simultaneous presence 
of both broken bars and mixed eccentricity faults. 
The frequency of the HPR1 and the calculated speed 
have the respective values of fhpr1= 638.4 Hz and 
ncalc = 1475.14 rpm. The predicted frequencies of 
the CHF using Equation (4) are obtained as fb1 = 
48.34 Hz and fb2 = 51.65 Hz for broken bars fault. 
    The dynamic eccentricity fault frequencies fd1 = 
589.23Hz and fd2 = 687.57 Hz and the mixed 
eccentricity fault frequencies fm1= 25.41 Hz and 
fm2 = 74.58 Hz are obtained using eccentricity 
equations found in [11, 12, 13]. 
     A scanning of the SCS spectrum around the 
fundamental component Fig. 6.b, and the rotor slots 
harmonics Fig. 6.c, enables one to detect the 
existence of the harmonic frequencies predicted 
above for both the broken bars fault and the 
eccentricity faults. This confirms and proves the 
existence of the harmonics linked to the two types of 
fault.    
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Fig. 6  Zooms of the SCS spectrum respectively for 
(a) the HPR1, (b) the fundamental, (c) the HPER of 

a mixed eccentricity and bars fault motor. 
 
 

6. CONCLUSION 
 

In this paper a proposed algorithm for the 
detection and localization of broken bars faults of a 
squirrel cage induction motor is being developed and 
described.  This algorithm has for first task the 
estimation of the rotor speed using the frequency of 
the first principle rotor slots harmonics (HPR1), then 
the prediction of the frequencies of the characteristic 
harmonics of faults (CHF) and finally the search in 
the SCS spectrum for the existence or absence of 
harmonics at the predicted frequencies. In order to 
simulate both the healthy and faulty motors 
behavior, a mathematical model is being adopted 
and a simulation program using C++ is being 
developed. The obtained simulation results have 
been shown to illustrate the good performance, the 
utility and merits of the proposed algorithm both for 
speed estimation and faults detection and 
localization in induction machines. Although this 

paper dealt with broken bars faults diagnosis, the 
algorithm is capable to incorporate other types of 
faults such as eccentricity faults. 
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