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 Abstract  
 
       This paper develops the foundations of a technique for diagnosis and characterization 
of effects of broken bars in squirrel-cage induction motors based on the time-stepping 
coupled finite-element approach. These studies are performed by using the model to 
compute healthy case, with two adjacent broken bars fault performance data, which 
contains time variations of torque with broken bars and the distribution of magnetic field. 
From this data, the faulty signatures are extracted. Furthermore, this method, which could 
help to develop diagnostics of broken bars and performance evaluation of induction 
motors, has great potential in future applications. 
Key words: Squirrel-cage induction motor, Broken rotor bars, faults diagnosis, finite 
element (FE) 
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:الخلاصة   
 

قفص  وذ المحركات الحثیة قضبانكسر في التقنیة لتشخیص وتوصیف آثار السس الأتطور  یقدم ھذا البحث         
یتم تنفیذ ھذه الدراسات باستخدام نموذج لحساب الحالة . ةالمحددصراعنلل زمن الخطوة طریقةالاستناد إلى السنجاب ب

محور الزمن مع ، الذي یحتوي على المكسورة المجاورة لقضبان المحرك ذوبیانات الأداء ب، واثنین من لمحركالصحیة
ومعرفة اماكن من ھذه البیانات، یتم استخراج . طیسيمكسورة وتوزیع المجال المغناال القضبانمع عزم الدوران محور
للقضبان المكسورة وتقییم اداء وعلاوة على ذلك، ھذه الطریقة التي یمكن أن تساعد على تطویر التشخیص . الكسر

 .ولھذ البحث امكانات كبیرة في التطبیقات المستقبلیة، المحركات الحثیة
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1. Introduction:- 

        Motors are commonly used in a variety of industrial applications, and some induction 
motors are key elements in assuring the continuity of the process and production chains of 
many industries. However, rotor bars breaking in the motor occurs frequently. Rotor failures 
are caused by inadequate casting or a combination of various stresses which act on the rotor. 
A sudden motor failure may reduce productivity and may be catastrophic in an industrial 
system. Hence, early detection of broken bars would help to avoid catastrophic failures and 
reduce repair costs. The squirrel-cage induction motor which was used in this paper is a motor 
with 3-phase, 4 pole, and 28bars. The distribution of magnetic field, Torque, and speed vs 
time, waveform magnetic flux density in the air gap [1- 4], and so on were calculated by using 
the finite element (FE) method for the healthy case and faults constituting  two broken rotor 
bars. 
 

Table (1) . Squirrel-cage induction motor parameters 
 

Number of poles 4 

Number of phases 3 

Outer diameter of 
stator  

162.5mm 

Inner diameter of 
stator  

69.3mm 

Air gap length  1mm 

Axial length  50mm 

Number of stator slots 36 

Number of rotor bars 28 

Rated voltage (V) rms 400 

Rated frequency (Hz) 50 

Number of stator 
turns/phase 

180 
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2. FEM model of the induction motor  
 

        In recent years the Finite Element Method (FEM) becomes widely used in the design and 
analysis of electric machines and of her electromagnetic devices. So far a lot of program 
packages for computation of magnetic field, especially for two dimensional (2D) analysis 
have been developed [2]. This method it is based on Maxwell’s equations for magnetic and 
electric field [3]: 
 

     and                                                                   (1) 
 

Where  is the magnetic field strength [A/m],  is the electric field strength [V/m], 
 is the electric current density [A/m2], B ̅ is the magnetic flux density [T]. Moreover, the 

electric and magnetic field quantities are related with the material properties expressed by the 
following relations: 
    

             and                                                                  (2) 
 

Where σ is the electrical conductivity [S/m], μ is the magnetic permeability [H/m]. Based on 
these equations FEM based programs compute the magnetic field distribution of any electrical 
machine. 
In the case of the 2D analysis the computations are performed for a transversal plane to the 
axes of the machine. 
The use of simulation tools helps the researchers to emphasize the effects caused by faults in 
an electrical machine and to develop efficient fault detection methods. Using FEM analysis 
the changes in electric, 
magnetic and mechanic behavior of the machine due to any fault can be easily observed 
without the need of destroying a machine, or experimenting in laboratories machines with 
different fault types. The main idea was to understand the electric, magnetic and mechanical 
behavior of the machine in the healthy state and under fault condition. 
 
 

3. Modeling of broken bars  
  When the rotor bar are broken the current of that bar equal to zero as shown in Figure.(1).  

 
Fig. ( 1) : Distribution form of rotor bars current for faulty motor 
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       No current of the broken bar means a higher current in its adjacent bars which may 
saturate those rotor teeth that are close to the adjacent bars. On the other hand this causes an 
asymmetrical distribution of the magnetic flux in the air gap. The reason for asymmetry of the 
magnetic flux distribution is injection of the harmonics, caused by the broken bar fault to the 
stator current. 
 

                                                                           (3)  

                                                                        (4)                                                       
 

When the rotor bar are broken the current of that bar is assumed equal to zero, that mean 
 next the value of current become; 

 

                                                                      (5)                                          

                                                                              (6)                      
 

Where    = Current of rings between broken bar   

 
4. Simulation Results 
 

     In recent years FEM has become widely used in the design and analysis of electric 
machines and other electromagnetic devices. So far, a lot of program packages for 
computation of magnetic field, especially for two dimensional analyses have been developed. 
 
4.1 Stator Current Waveform 
      The simulated stator current waveforms by using FEM opera-2d for the case of broken 
rotor bars is given in Figure 2. One can notice that the amplitude of stator current changes 
significantly compared to that in the healthy cage. The reason is that the broken rotor bars 
causes asymmetry of flux distribution which leads to higher harmonics in the faulty motor. 

 
 

Fig. ( 2): stator current waveform in healthy and faulty state 
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4.2 Flux Density Waveform 
 

         Broken rotor bars produce certain frequencies in the flux waveform and the rotating flux 
waves can induce the currents with the same frequency in the stator current. Therefore by 
increasing the number of broken rotor bars in the motor, a higher asymmetry of the flux 
distribution occurs as shown in Figure 3. It can be easily observed that in the case of the 
faulty motor the magnetic flux density B in the air gap is more unbalanced and it has a 
pronounced fluctuation, due to the backward rotating magnetic field produced due to rotor 
faults. This is rotating at the slip speed, with respect to the stator [7]. 

 

 
 

Fig. ( 3): Air gap flux density in the healthy state and faulty state with broken 
bar 

 
 

5. Magnetic Field Distribution 
 

        The magnetic field distribution is symmetrical in case of the healthy Squirrel-
cage induction machine (Figure. (4.a). When the rotor faults occur the magnetic 
field becomes asymmetrical due to the lack of currents in the broken bars. This leads 
to local saturation of the rotor and the stator core near the broken bars(Figure.( 4.b).  
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Fig. ( 4 ): Magnetic flux plots in case the healthy motor (a) 

and with having broken rotor bars (b) 
 
 
5.1 Torque Ripple 
 

         The magnetic torque ripples are also increased in case of the faulty induction motor than 
in case of the motor without any rotor fault as shown in Figure 5. The time variations of 
torque for a healthy and faulty induction motor with two broken bars are present. Comparison 
of healthy and faulty state indicates that the rotor broken bars increases the oscillation of the 
developed torque. One can easily notice that in the case of the motor having broken rotor bars 
the torque has the highest value [8]. 
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Fig. ( 5): Time variations of torque induction motor in healthy state and faulty 
state 

 
6. Conclusions 
 

          Finite element method was used to determine the magnetic field distribution both in 
healthy induction machine and the machine having two broken rotor bars. The presented FEM 
analysis is one effective and inexpensive method for studying the influence of rotor faults on 
behavior of three phase squirrel-cage induction machines. This method also allows studying 
the effect of rotor faults on stator line currents, applicable on developing effective fault 
diagnostic tools. Once again it has been proved that the bars next to broken ones are the most 
exposed to future damage, due to the very high value bar currents. 
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