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Abstract 
In modern industries Induction Motors plays crucial role. 

Nowadays every industry move towards zero error products 

and good revenue. Faults in an induction motor fail the 

mission such as zero error and revenue. This paper provides a 

survey on condition monitoring and the methods of detection 

of faults in induction motor. In This paper comprehensive 

analysis of various faults of such as stator failure, broken rotor 

bar, bearing fault and air gap eccentricity are discussed.. 
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Introduction 

Induction motor acts as a backbone in many industries 

because of its low cost, simple and robust structure and ease 

in control. IM is used in many applications like cement 

factory, steel mills, elevators, pulping, milling, oil refineries, 

and packing. Fault in an induction motor causes error in 

products; it degrades the quality of product. Moreover the 

failure of an induction motor leads to less productivity and 

financial loss to the industry. Hence condition monitoring of 
the induction motors are very much essential. The major faults 

of an induction machine can broadly be classified as follows: 

1)  Stator faults resulting in the opening or shorting of 

the phase winding; 

2)  Rotor cage failures (broken rotor bars); 

3)  Air-gap irregularities; 

4)  Bearing failures. 

 

The failures of the motor are stated in table 1. 

 

Type of fault Fault percentage 

Bearing failures 44% 

Stator faults 26% 

Rotor faults 8% 

Other faults 22% 

 

 
Induction motor mechanical faults such as broken rotor bar 

faults and air gap eccentricity are analyzed using motor stator 

current [1-3]. Mechanical faults are responsible for more than 

95% of all failures. In many applications inductions motors 

are driven by voltage source inverters (VSI). Broken rotor bar 
faults and air gap eccentricity in an inverter fed induction 

motor decreases the performance of the inverter and load [4]. 

Broken rotor bar fault in an induction motor increases the 

copper loss and the total loss of the machine [5] so this fault 

decreases the efficiency of the machine. Induction motor 

stator and rotor parameters are varied during stator and rotor 

fault. Faults in stator and rotor can be analyzed using stator 

current [6]. Almost 40%-50% of all failures are caused by 

bearing fault. In early days bearing fault was analyzed based 

on vibration. The main thing to be pointed in the analysis is 

vibration is also caused by motor body. Modern analysis of 
bearing fault is predicted from the stator current [7]. 

 

 

Classification of faults: 

Stator faults: 

Approximately 30-40% of faults of induction motors are 

stator faults. Open circuit / short circuit in the turns of stator 

winding are the faults in stator. 

Various stator faults and causes/stresses leading to these faults 

are analyzed in [8] with the monitoring techniques. The 

unbalanced stator resistance fault is analyzed using wavelet 

decomposition of each phase voltage and current in [9]. 
Unbalanced voltage effect on induction motor is analyzed 

using Kalman predictor methods using voltage and current are 

analyzed in [10]. Sensorless method of online monitoring and 

classifying of stator turn faults are analyzed in [11]. 

The various stator faults such as inter turns short circuit, phase 

to phase and single phase to ground faults are analyzed using 

symmetrical components of the stator current in [12]. The soft 

computing technique of fuzzy logic is proposed to monitor the 

various stator faults like phase-to-phase, turn-to-turn, and 

turn-to-ground in [13]. Stator current based stator faults are 

analyzed using adaptive Kalman filter in [14]. Detailed 
harmonic analysis based induction motor stator fault using 

stator current spectrum is analyzed in [15]. 

 

Rotor faults: 

The cracked or broken bar fault constitutes about 5-10% of 

total induction motor failures and leads to malfunction as well 

as reduction of the motor’s life cycle. Cracked or broken bars 

in a cast cage rotor cannot be repaired because of their 

manufacturing characteristics. Broken or cracked bar faults 

are believed to be caused by a variety of reasons: like thermal, 
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mechanical, magnetic, residual, dynamic, and environmental 

stresses. 

The Kalman predictor based broken rotor bar fault monitoring 

is analyzed in [10]. The online detection of broken rotor bar 

faults using generic Neuro fuzzy is analyzed in [16]. The 

torque signature analysis for the broken rotor bar is discussed 
in [17]. The broken rotor bar faults in the presence of 

fluctuation load torque are diagnosed using active and reactive 

power theory in [18]. The diagnosis of the broken rotor bar 

during the small interval is analyzed using estimation of signal 

parameters via rotational invariance technique (ESPRIT) and 

simulated annealing algorithm (SAA) in [19]. 

The detection of broken rotor bar fault based on a 

synchronous reference frame and on Steinmetz’s phasors are 

presented in [20]. The discrete wavelet transform is utilized to 

find the rotor fault in double cage induction motor in [21]. 

The ESPRIT based frequency extraction to find the broken 

rotor bar is analyzed in [22]. In this paper amplitude of fault 
harmonics is estimated using least square method. In [23] the 

ambiguities of line-current noise or sensor-resolution errors 

and operating-point-dependent threshold issues are effectively 

utilized to find the broken rotor bar faults. In this paper DSP 

based hardware is implemented to validate the simulation. 

The conventional Hilbert method of broken rotor bar fault is 

improved with a combination of ESPRIT in [24]. It is 

analyzed for small motors. High resolution stator current 

spectral estimation improves the conventional MUSIC 

algorithm. It is effectively utilized to find the broken rotor bar 

faults in [25]. Identification of broken rotor bar faults based 
on FFT analysis of Stator current is discussed in [26]. An air-

gap torque profile in conjunction with a Bayesian classifier is 

used to detect the broken rotor bar faults in [27]. Small and 

large motor rotor failures are identified using discrete wavelet 

transform in [28]. The broken rotor bar fault detection using 

variation in axial flux density is discussed in [29]. 

Discrete Wavelet analysis of stator current space-vector 

magnitude and the instantaneous magnitude of the stator 

current signal to detect the broken rotor bar fault is presented 

in [30]. The simple method of current spectrum analysis, such 

as reference frame theory is discussed in [31] for broken rotor 

bar fault detection. The single phase rotation test is analyzed 
in [33] to find the rotor problems such as broken bar. 

 

Eccentricity faults: 
Eccentricity is the Non uniform air-gap in motors. Unbalanced 

rotor shaft, awful manufacturing tolerances and weak bearing 

are the core causes of eccentricity. Effects of Eccentricity are 

the unbalanced magnetic pull, vibration and harmonics in 

current signal. Depends on rotor motion Eccentricity is 

classified into two types such as, static eccentricity and 

dynamic eccentricity as shown in figure 1. Static Eccentricity 

is stated as if the rotor rotation center is removed for a 
faraway place which is parallel to stator center. Dynamic 

Eccentricity is stated as Rotor rotates around stator center, but 

it does not rotate around its center. 

 

 
(a) 

 
(b) 

 
(c) 

 

Fig. 1: (a) Static eccentricity, (b) Oval stator, (c) Oval 

rotor. 
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The modified MUSIC algorithm using High resolution stator 

current spectral estimation is used to find the air gap 

eccentricity faults in [25]. Detection of air gap eccentricity 

faults based on FFT analysis of Stator current is discussed in 

[26]. Variation in axial flux density is utilized to detect the air 

gap eccentricity in [29]. The simple method of current 
spectrum analysis, such as reference frame theory is discussed 

in [31] for eccentricity fault detection. Complex apparent 

power signature analysis is discussed in [32] to find air gap 

fault. The single phase rotation test is analyzed in [33] to find 

the rotor problems such as eccentricity. Offline detection of 

eccentricity faults in large induction motors using name plate 

detail is discussed in [34]. Classification of various faults and 

detection of eccentricity of inverter fed induction motor is 

analyzed in [35] using inverter input current. Finite element 

method on line current spectrum is analyzed in [36] to 

diagnose mixed eccentricity faults. Magnetic flux density in 

the air gap caused by fault current is analyzed in [37] to detect 
the eccentricity fault. 

 

Bearing faults: 

In general balls or rollers in bearing rotate between two rings 

named as inner raceway and outer raceway. Faults may occur 

in a raceway or balls as shown in figure 2 and it is classified 

as cyclic and non cyclic faults. Once a fault is produced, the 

affected area expands rapidly contaminating the lubricant and 

causing localized overloading over the entire circumference of 

the raceway. Apart from of the failure mechanism, defective 

rolling element bearings generate mechanical vibrations at the 
rotational speeds of each component. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Fig. 2: (a) Misalignment (out-of-line), (b) Shaft deflection, 

(c) crooked or tilted outer race, (d) Crooked or tilted inner 

race. 
 

 

In [23] the ambiguities of line-current noise or sensor-

resolution errors and operating-point-dependent threshold 

issues are effectively utilized to find the bearing faults. 

Frequency analysis of stator current is analyzed to detect the 

bearing faults in [37]. In this paper sudden eccentricity faults 

are simulated to analyze the bearing damage. The neural 

network is implemented in [38] to classify the various bearing 

faults such as single point balls, raceways faults and 

distributed defects like roughness. Motor stator current 
spectral analysis (MCSA) and vibration analysis are discussed 

in [39] to detect the outer raceway bearing faults in small 

induction motors. Various bearing detects like crack in the 

outer race, hole in the outer race, deformation of the seal, and 

corrosion are experimentally analyzed in [40]. 

 

 

Conclusion: 

This paper provides a comprehensive survey on various faults 

of an induction motor. This study provides a survey on small, 

medium and large induction motor faults in aspect of 

simulation as well as experiment 
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