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This paper presents the fault detection of broken rotor bars based on the analysis 

technique, such as the fast Fourier transform (FFT), which utilize the steady-state 

spectral components of the stator quantities is considered. This technique has been 

given expected results, the accuracy of this technique depends on the loading 

conditions and constant speed of the motor. This method shows good theoretical and 

experimental results 
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1. Introduction  

The induction motors often operate in hostile 

environments such as corrosive and dusty places. 

They are also exposed to a variety of undesirable 

conditions. These unwanted conditions can cause 

the induction motor to go into a premature failure 

period, which may result in an unserviceable 

condition of the motor, if not detected in its early 

stages of the failure period [1]. The failure of 

induction motors can result in a total loss of the 

machine itself. Thus, health monitoring techniques 

to prevent induction motor failures are of great 

concern in the industry and are gaining increasing 

attention [1, 2]. Rotor failures are among these 

failures. Several monitoring techniques have been 

developed, most of which are based on motor 

current signature analysis (MCSA) [3-5]. 

MCSA (Motor Current Signature Analysis) is one 

of the most widely used techniques in the fault 

detection analysis of induction machines [6]. 

MCSA focuses its efforts in the spectral analysis of 

the stator current and has been successfully used in 

the detection of broken rotor bars, and dynamic 

eccentricity [7–13]. The procedure consists of 

evaluating the relative amplitude of current 

harmonics that appear due to this defect [14]. The 

advantage of this technique is that it is well 

recognized nowadays as a standard due to its 

simplicity: It needs only one current sensor per 

machine and is based on straightforward signal-

processing techniques such as fast Fourier 

transforms (FFT). However, it has mainly been 

designed for fixed frequency supply, such as for 

machines connected to the electrical grid [6].  
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In this paper, a method based on the current and a 

speed signature analysis of broken rotor bars is 

used. The approach is also compared with the well-

known Fourier method for the analysis of the stator 

current in steady state operation. Several 

experiments are developed for different fault cases 

such as healthy rotor and two broken rotor bars. 

2. Motor Current Signature Analysis 

2.1. 2.1. Broken Rotor Bar fault 

Rotor failures account for 5–10% of induction 

motor problems [15-16]. A broken rotor bar fault 

has distinctive characteristic frequencies which can 

be calculated as: 

 = 1± 2ns k =1,2,....defectf f,
 
 (1) 

Where f: is the driving frequency and s: is the 

fractional slip of the motor. 

Once there is a broken rotor bar fault, sidebands 

around the driving frequency can be expected in the 

power spectrum. In particular, the first-order 

sidebands (e.g. n=1) are of particular interest in the 

detection of broken rotor bar fault. The left 

sideband (1-2ns)f is due to electrical or magnetic 

rotor asymmetry caused by broken rotor bars while 

the right sideband (1+2ns)f is due to the speed 

ripple or variation. The amplitudes and presence of 

the sidebands depend on the physical position of the 

broken rotor bars, speed, and load. The locations of 

the sidebands will shift outwards as the speed and 

load are increased. It is acknowledged that the 

sidebands may also be observed when the motor has 

no broken rotor bar fault as rotor ellipticity and 

shaft misalignment could both induce rotor 

asymmetry to a certain extent [17]. 

3. Model of Induction Motor With fault: Broken Rotor Bars 

The model of a three-phase induction motor in the reference frame (d-q) related to the rotor is [2]: 

x(t)= A(ω). x(t)+ B.u(t)

y(t)= C.x(t)





                            (2) 
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With:  

nbc and nb represent the number of broken bars and the total number of bars in the rotor. 

θ0: an absolute localization of the faulty winding according to the first rotor phase. 

The expression of the torque is given:                                                 e ( )qs dr ds qr T = p i i             (3) 
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4. Simulation And Experimental Results 

The motor under experimental test is 1.1 kW, 

220/380V, 50 Hz, 4 pole, Squirrel-cage induction 

motor with 28 rotor bars, a DC generator acts as a 

load. Two types of signals are collected in the 

experiments: stator current and stator voltage. The 

signals were interfaced to a PC by A Data 

acquisition board.  

 

 
Fig. 1. Experimental test bench 

 
4.1. Fast Fourier Transform (FFT) Analysis 

Figure 2 shows the stator current and speed at 

steady state for loading machine of simulation 

analysis and experimental results. We can notice a 

good agreement between the results. The 

oscillations shown by the curves of the stator 

current and speed, justify the presence of a break 

rotor bar defect in the machine. 

 

        

       
Fig. 2 Stator current and speed for faulty induction motor with two broken rotor bars: 
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(a) (b) 

(a, b) experimental result, (c, d) simulation results 

    

    
 

 

 

Fig.3. The stator current and speed spectrum for healthy and two broken bars motor (s=4.3%):  
(a) simulation and (b) experimental results. 
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Figure 3 shows the comparison of frequency 

spectrums resulted from the computer simulation 

and experimental measurements of induction 

motor under the conditions of two broken bars and 

healthy motor. It is obvious that, the magnitude of 

the components (1±2s)f and 2sf are increased by 

increments of nonsymmetrical condition in rotor 

from the healthy state to the state of two broken 

bars (experimental results). The result of rotor 

broken bars, see an increase in the magnitude of 

the harmonics amplitude of the stator current and 

speed spectrum. 

Table 1 Frequencies and magnitudes of the stator current spectrum 

Machine 1.1 Kw (1-4s)f (1-2s)f (1+2s)f (1+4s)f 

Simulation s≈4.3% f (Hz) 40.52 45.20 54.79 59.47 

Mag (dB) -50.20 -29.39 -36.89 -66.16 

Experimental s≈4.4% f (Hz) 40.92 45.44 54.47 59.57 

Mag(dB) -44.90 -34.04 -34.26 -48.23 

 

5. Conclusion 

The spectrum analysis methods are among the 

motor current signature analysis (MCSA) 

techniques used for broken rotor bar fault detection 

and diagnosis in induction motors. The work 

presented in this paper deals with the application of 

the spectral analysis of stator current and speed of 

an induction motor. The stator current spectrum 

analysis shows the presence of a defect due to the 

broken of bars resulted in appearance of different 

harmonics on both sides of the fundamental. The 

experimental and simulated results show that rotor 

cage faults can be effectively detected by this 

technique. Also the experiments have clearly 

demonstrated the effectiveness of speed spectrum in 

cage rotor fault detection whose relies on the 

behaviour of the spectral component at frequency of 

2sf. 

 

Appendix  

For the simulated induction motor 

P output power 1.1 kW 

Vs stator voltage 220/380 V 

Is nominal current  2.6/4.3 A 

nn nominal speed 1425 rpm 

Rs stator resistance 9.81 Ω 

Rr rotor resistance 3.83 Ω 

Lm mutual inductance 436 mH 

Lf leakage inductance of stator 76.2 mH  

p number of pole pairs  2 

n number of stator slots  48 

nb number of rotor bars 28 

ns number of turns per stator phase 464 
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