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Abstract – In this work, we proposed multi-winding model for the simulation of broken bars in 
squirrel cage asynchronous machine, this model allows to study the influence of the broken bar 
defects on the behavior general of machines in different operating conditions (healthy and faulty). 
The breaking of the most frequent bars of the rotor causes oscillations of the torque, speed, and 
the current, the increase of the resistance of the rotor creates the defects proportional with the 
number of breaks bar K .The diagnosis fault using technique of single processing based on 
Spectrum analysis for detection broken bar. The results of the simulation obtained allowed us to 
show the importance of this technique for detection broken bar. 
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I. Introduction 

The fault diagnosis induction motors are component of 
many industrial processes applications, because of their 
robustness, cost, and performance and used in wide 
variety of application of a mean of converting energy, 
pumps, electric vehicle and asynchronous generator [1] 
[2]. Major faults of electrical machines can broadly be 
classified as the following: stator faults, broken rotor bar, 
faults bearing are the most prevalent [3-4]. 

 

MCSA (motor current signature analysis) this work is 
the topic of several research works used to find out 
various faults such as: the impact of broken rotor bar to 
the stator current can be determined by analysing in the 
frequency [5-6]. 

 

The analysis of the stator current spectrum around the 
fundamental frequency current is used to diagnose the 
fault. And appear the amplitudes of the frequency 
components are increased because of the exists defect 
according relation (1±2s)fs [7]. 

 

In this work, we presented Multi-winding model for 
simulate the machine behavior in case healthy and fault 
when broken bar, the faults diagnosis is based on 
technique of single processing very important for 
detection rotor fault in the asynchronous machine. 
 
 
 

 

II. Fault detection of induction motor 
 

II.1. Detection of broken bars 

Broken rotor bars can be detected by monitoring the 
stator current spectral components. These spectral 
components as in (1) [8]: 

                                                     (1) 

Where s is the per-unit motor slip and k =1,2,3,4…..etc. 

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, (1 ± 2s)fs. These two frequencies (1 - 2s)fs and 
(1 + 2s)fs are the classical twice slip frequency sidebands 
due to the broken bar [9].Figure. 1 picture show the bar 
broken used for the simulation study. 

  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.picture show the two bar broken adjacent 
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II.2. Techniques of single processing for faults 

detection 

Analysis by signal processing of quantities (current, 
voltage and power) can give a real picture of the 
imbalances that which happen in the machine, the 
advancement techniques of signal processing in field 
mechanical, the frequency in the signal become very 
important part of the detection of the rotor fault in the 
induction motor [10]. This analysis is based on classical 
techniques such as Fourier Analysis (FFT). The Fourier 
transform is as in (2): 

                                               (2) 

Fourier analysis is very useful for many applications 
where the signals are stationary. 

III. Multi-winding model of the 
asynchronous machine 

 

The model of the asynchronous takes into account the 
following hypotheses [11-12]: 
 Negligible saturation and skin effect, 
 Uniform air-gap, 
 Sinusoidal MMF of stator windings in air-gap, 
 Rotor bars are insulated from the rotor, thus no inter-

bar current flows through the laminations, 
 Relative permeability of machine armatures is 

assumed infinite. 
Although the MMF of the stator windings supposed is to 
be sinusoidal, other distributions of rolling up could also 
be considered by simply employing the superposition 
theorem. It is justified by the fact that the different 
components of the space harmonics do not interact. In 
order to study the phenomena taking place in the rotor, 
the latter is often modeled by NR meshes as shown on 
Figure 2. 

 

 

 
 
 
 
 
 
 
 
 

 

 

 
Figure .2 Rotor cage equivalent circuit. 

 

A. Stator inductance 

The principal inductance of the magnetizing stator phase 
is: 

                                            (3) 

Therefore the total inductance of a phase is equal to the 
sum of the magnetizing and leakage inductances, thus: 

                                                           (4) 

The mutual inductance between the stator phases is 
computed as: 

                                                                 (5) 

 

B. Rotor inductance 

 
The form of the magnetic induction produced by a rotor 
mesh in the air-gap is supposed to be radial and is 
represented in Figure 3. The principal inductance of a 
rotor mesh can be calculated from the magnetic induction 
distribution [11-12]: 

 

   

 

 

 

 

        Figure .3 Form of magnetic induction of rotor mesh 
 created  by two bar 

The total inductance of the kth rotor mesh is equal to the 
sum of its principal inductance, inductance of leakage of 
the two bars and inductance of the leakage of the two 
portions of rings of the short circuit closing the mesh k as 
indicated in Figure 4. 

 

 

 

 

 
Figure .4 Electric diagram equivalent of a rotor mesh. 
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                                 (6)                     

                              (7)                                                   

                            (8) 

The expression for the mutual inductance stator-rotor is 
can be calculated using the flux and is given by: 

                         (9)                            

Where: 

 

  (10) 

And:  

                                   (11) 

The application of transformation the Park's extended of 
rotor system so as to transform the system in Nr phases 
in a system (d,q). The mathematical model of squirrel 
cage induction motor can be written as: 

 

                                                   (12) 

C. Defect model of the rotor 
 
In order to simulate the defect of rotor broken bars, a 
fault resistance RRF is added to the corresponding 
element of the rotor resistance matrix RR: 

 

The new matrix of rotor resistances, after 
transformations, becomes: 

 

Where the four terms of this matrix are: 

 

. 

 

 

 

 

The mechanical equations must also consider: 

                  (13) 

With :     

The electromagnetic torque with the expression: 

                          (14) 

 IV. Results and discussion 
 

 IV.1 The case of healthy machine 

For observe and simulate the multi-winding model of the 
asynchronous machine. At time 0.5 s apply in load  
torque of  3.5 (N.m). Figure.5 and Figure. 6 and  Figure. 
7, we indicate the evolution respectively the speed of 
rotation, the electromagnetic torque, stator  currents,  we 
notice speed of rotation decreases at nominal and the 
electromagnetic stabilizes towards the value of the 
resistance torque, the current stator increases and reach 
value nominal.                

        Figure. 5 speed for the healthy machine. 
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Figure. 6 Electromagnetic Torque for the  healthy  machine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure. 7  Stator Current for the healthy machine. 

 

IV.2 The case of fault machine  
 

The time t=1 ,simulates the breaking of the first bar ,the   
time t = 2 s, breaking two bar adjacent, and the time t = 3 
s, breaking three bar adjacent, we observation in the  
Figure.8 of rotational speed decreases during bar break  
and creates oscillations break the Figure.9 
electromagnetic torque increase in the amplitude after the 
breaking of two bar, ,and the Figure.10 are illustrated 
modulation of the envelope of the stator current increase 
in the amplitude withe the number of broken bar. 

Figure. 8 speed for broken three bar adjacent. 
 

        
             Figure. 9 Electromagnetic Torque for broken three bar adjacent. 
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              Figure. 10  Stator Current for broken three bar adjacent. 
        
 

Figure. 11 shows spectrum analysis of the stator current 
through the Hanning window in the healthy state, we 
observe no raise Frequency. Figure. 12, we notice the 
appearance of raise Frequency for broken three bar 
adjacent. These raise have amplitude which increases 
according of the break number bars, two frequencies 
appear around the fundamental f=50 Hz, one on the left 
and the other right according  relation  fcal= (1 ± 2sk).   

        Figure.11  Stator current spectrum analysis for the healthy 
machine. 

 

          Figure.12 Stator current spectrum analysis for broken three bar 
adjacent. 

      
 The amplitudes and frequencies for tests broken three 
bar adjacent are recorded in Table 1. 
 

 
Table. 1 Frequencies and Magnitudes of the Stator Current : 

Healthy and broken three bar adjacent 
 

The table 1 represents simulation frequencies and    
magnitude the current stator spectral for broken 

three bar adjacent. 
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IV. Conclusion 

This study allows us highlighting on fault diagnosis 
technique are based on signal processing by spectral 
analysis of stator current analysis this method is very 
effective and widely used for detection the fault. Further 
using multi windings model for simulation broken bars. 
When applying the faults we obtain reduces the average 
value of electromagnetic torque and speed and increases 
the amplitude of oscillations. The current stator effect of 
bar break increases rapidly with the number of broken 
bars. 

Appendix 

List of Parameter and Symbols 
 
Parameters Value    Units 
Pn 1.1  kW 
Vs 220  V 
fs 50  Hz 
p               1  
Rs 7.58 Ω 
Rr 6.3    Ω 
Rb 0.15 m Ω 
Re 0.15 m Ω 
Lb 0.1 μH 
Le 0.1 μH 
Lsf 0.0265 H 
Nr 16  
Ns  160  
J             0.0054 kg m2 
e             2  mm 
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