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Abstract — This paper deals with fault characteristic 
analysis of squirrel cage induction motor by Finite Element 
Method (FEM) and motor current signal analysis (MCSA). 
Various fault cases of the induction motor are considered, and 
characteristic analysis of each case is performed by FEM. 
Based on the FEM results, the motor current signal is 
analyzed and compared to detect the condition of the 
induction motor. In addition, the torque and speed 
characteristic are also dealt with, and they are validated by 
experimental results. 

I. INTRODUCTION 
The faults of induction motors make torque ripple 

causing noise and vibration, and although the distorted air-
gap flux density can be found using search coil in air-gap, 
the motor should be unnecessarily opened. Therefore, to 
overcome the disadvantage, this paper suggests the simpler 
method applying finite element method (FEM) and motor 
current signal analysis (MCSA) [1]-[5]. Since the various 
fault conditions show distinguishable current characteristics, 
it is possible to predict motor condition analyzing only 
phase current. In addition, the relationship between torque 
and speed according to the motor fault are analyzed by 
FEM and experiment applying speed reference scenario 
based on DSP (Digital Signal Processor). 

II.  ELECTROMAGNETIC FIELD ANALYSIS BY FEM 

A. Fault Detecting System 
Fig. 1 shows the fault detection system by FEM and 

MCSA suggested in this paper. In this system, based on the 
assumed conditions presented in TABLE I, electro-
magnetic field analysis by FEM is firstly performed. Here, 
the faults conditions are broken rotor bar, eccentricity, 
abnormal input source including harmonics. For example,  

 

 
Fig. 1. Fault monitoring system based on FEM and MCSA. 

TABLE I 
FAULT CONDITIONS (A : BROKEN ROTOR BAR NUMBER, B : 

ECCENTRICITY, C : HARMONIC ORDER, D : ADDED AMPLITUDE) 

 
 
In the table, condition 1 implies a healthy motor (0 broken 
rotor bar, 0[mm] eccentricity), and condition 6 presents an 
unhealthy motor (0 broken rotor bar, 0.05[mm] 
eccentricity). The obtained phase current results by FEM 
are then analyzed by FFT (Fast Fourier Transform), and 
they are compared and analyzed with the real motor current 
signal. 

B. Electromagnetic Field Analysis by FEM 
The output power of the analysis model for electro-

magnetic field analysis is 2.2[kW] at 1140[rpm], and its 
current analysis result by FEM is presented in Fig. 2. This 
result is compared with experimental motor current signal. 
In addition, this paper also considers various harmonic 
components of abnormal input source containing harmonic  

 

  
Fig. 2. FFT result of phase current according to fault conditions by FEM. 
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Fig. 3. FFT Result of Induction Motor Phase Current with Eccentricity. 

 

 
Fig. 4. Sideband frequency detection: (a) healthy, (b) broken rotor bar. 

 
components, and its analysis results will be presented with 
its related torque characteristics in full paper.  

C.  Fault Detection by MCSA 
Fig.3 shows experimental results, and it is evaluated as 

fault condition 6 in comparison with the FFT results by 
FEM. Here, the experimental motor does not have broken 
bar, and input voltage is sinusoidal. In addition, among the 
fault conditions, in particular, the broken rotor bar can be 
found by sideband frequency detection. For the comparison 
of a healthy motor and an unhealthy motor, this paper 
employs 0.4[kW] at 1710[rpm] induction motors. When the 
rotor bar is defected, the sideband frequency emerges, and 
the sideband frequency can be found as shown in Fig. 4.  

D.  Speed Characteristic caused by Broken Rotor Bar 
The severe operating condition of induction motors can 

cause the corrosion of rotor bar, and it affects on the 
conductivity of broken rotor bar directly related to torque 
characteristics. In Fig.5, the torque characteristics 
according 

 

 
Fig. 5. Torque characteristic according to conductivity and speed : 

(a) Torque vs. conductivity, (b) Torque vs. speed. 

 
Fig. 6. Experimental current and speed characteristic: (a) healthy, (b) 

broken rotor bar. 
 
to conductivity of one rotor bar and speed obtained by FEM. 
Here, it is noticed that the effect of broken rotor bar is not 
crucial in high speed while it results the decreased torque in 
low speed. In addition, Fig. 6 compares the experimental 
speed and current characteristic according to the existence 
of broken bar. When the speed is low, the difference of 
speed and current characteristics is visible as shown in the 
figures. However, in high speed, the difference is minor.  

III. CONCLUSION 
In this paper, the fault characteristics of induction motor 

are dealt with. By showing various results, the faults are 
detected, and its related characteristics are analyzed. In full 
paper, motor specific explanation will have been presented. 
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