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Abstract: In modern industries Medium Voltage Induction Motors plays a crucial role. Nowadays 
every industries move towards zero error products and good revenue. Faults in an induction motor fails 
the mission such as zero error and revenue. This paper provides a consistent monitoring of medium 
voltage induction motor. This paper analyses Medium Voltage Induction Motors (MVIM) under 
healthy condition as well as with the faults of such as stator failure, broken rotor bar, bearing fault and 
air gap eccentricity. Motor Stator Current Analysis (MCSA) is proposed in this paper.  This method is 
the simplest and cost effective method. The entire system is to be simulated using MATLAB / 
Simulink.  
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INTRODUCTION 

 
MVIM acts as a backbone in many industries because of its low cost, simple and robust structure and ease 

in control. MVIM are used in many applications like cement factory, steel mills, elevators, packing, pulping, 
milling and oil refineries. Fault in an induction motor causes error in products; it degrades the quality of 
product. Moreover failure of an induction motor leads to less production and financial loss to the industry, so 
condition monitoring of an induction motor is very much essential. The major faults of an induction machines 
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.  
Induction motor mechanical faults such as broken rotor bar faults and air gap eccentricity are analyzed 

using motor stator current (Zhongming Ye et al.,2003) (Liang. B et al., 2002) (Shahin Hedayati Kia et al., 
2009).  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 an inverter and load (Ilias P et al., 2011). Broken 
rotor bar fault in an induction motor increases the copper loss and total Loss of the machine (Bashir Mahdi 
Ebrahimi et al., 2013) 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 
(Smail Bachir et al., 2006).  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 (Lucia Frosini  et 
al.,2010).From the survey of papers it is clear that many authors analyzed individual faults of machine. This 
paper presents all four faults of MVIM using stator current analyses.  
 
Faults In A Medium Voltage Induction Motor: 
Ii.a. Bearing fault: 

In general balls or rollers in bearing rotate between two rings named as inner raceway and outer raceway. 
Faults may occur in a raceways or balls and it is classified as cyclic and non cyclic faults (Ilias P et al., 2011). 
Cyclic fault is a single point fault and non cyclic fault is generalized roughness. Fatigue failure initiates with 
small fisures, located between the surface of the raceway and the rolling elements, which slowly propagate to 
the surface generating detectable vibrations and increasing noise levels. Continued stress fragments of the 
material break loose, producing localized fatigue phenomena known as flaking or spalling. Once fault is 
produced, the affected area expands rapidly contaminating the lubricant and causing localized overloading over 
the entire circumference of the raceway. Eventually, the failure results in rough running of the bearing. Other 
external causes like contamination, corrosion, improper lubrication, improper installation or brinelling also 
engorge the bearing failure.  
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Apart from of the failure mechanism, defective rolling element bearings generate mechanical vibrations at 
the rotational speeds of each component. These characteristic frequencies, which are related to the raceways and 
the balls or rollers, can be calculated from the bearing dimensions and the rotational speed of the machine. 
Mechanical vibration analysis techniques are commonly used to monitor these frequencies in order to determine 
the condition of the bearing. 
 
Stator Current Analysis: 

The relationship of the bearing vibration to the stator current spectrum can be determined by remembering 
that any air-gap eccentricity produces anomalies in the air-gap flux density. In the case of a dynamic eccentricity 
that varies with rotor position, the oscillation in the air-gap length causes variations in the air-gap flux density. 
This variation affects the inductance of the machine producing stator current harmonics with frequencies 
[Doosoo Hyun et al., 2012] predicted by 

 

                                  (1) 

 
Where fe is the electrical supply frequency, k = 1, 2, 3,... ,s is the per unit slip, p is the number of machine 

pole pairs and fmr is the mechanical rotor speed in hertz. Since ball bearings support the rotor, any bearing defect 
produces a radial motion between the rotor and the stator of the machine. The cause of air-gap eccentricity, 
these variations generate harmonic stator currents at predictable frequencies, related to the vibration and 
electrical supply frequencies by 

 
                                                                 (2) 

 
Where m = 1, 2, 3,... and fv is one of the characteristic vibration frequencies. These fault frequency 

equations require specific information concerning the bearing construction to calculate the exact characteristic 
frequencies. 

In the case of bearings with between six and twelve rolling elements, the fundamental inner and outer race 
frequencies, fi and fo, can be calculated approximately by, 

 
fi=0.6.NB.fmr, fo=0.4.NB.fmr                                                         (3) 

 
Where NB is the number of balls. This way it is possible to determine the bearing race frequencies for all 

seven ball combinations without having explicit knowledge of the bearing construction. This allows 
determination of the important frequency components in the stator current and these frequency values are 
defined as fe±0·4 · NB· fmr and fe±0·6 · NB· fmr, where NB= 6, 7,..., 12  
 
II.B. Broken Bar Fault Of Squirrel Cage Motor: 

Imitation of the broken bar amount and various locations of broken bars in the model of broken bar faults 
are mandatory.Conversely, this process is very intricate often the model is simplified. For example, only 
considering the greatly feasible broken bar failure, that is, with one broken bar adjacent bars are prone to break 
due to the increase of current. Suppose that n number of bars broken among Z2 number of rotor bars. Then 
assumptions are made as smooth surfaces of both stator and rotor, Stator windings with sinusoidal distributions.  
Saturation and iron losses neglected. Concentrated rotor bars, small broken bar number (much less than the 
bar/pole number), rotor impedance localized in the bars. Slip value near the rated one. 

With the above assumption, a cage rotor with n broken bars can be analyzed as a three phase wound rotor 

with a phase affected by an impedance increasing  dependant on the broken bar number. 

This means to neglect the difference in the mutual linkage inductance coefficients between different windings.  
Suppose rotor has Z2 bars and n broken bars. The correlation of ∆R, ∆X and n as follows (Lucia Frosini  et 
al.,2010). Under normal condition, the transformation value of rotor resistance is   
 

 =RB+RR                                                                            (4) 

Obviously only Z2 is related to RB. The p.u. of rotor linkage inductance is   
 

                                                                (5) 
The transformation value of rotor resistance after failure is  
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                                                             (6) 

So 
                                                            (7) 

 
In the same way we get 
 

                                                     (8) 

 
From the above formula rotor impedances before and after broken bar failure can be obtained. That rotor 

impedances indeed increase after the bar breaks and the broken bar failure can be simulated by connecting 
impedance increasing  to the rotor ends. It is noticed that the model doesn’t cover the affect of the bar 
configure, that is, the distribution coefficient of rotor bar. 

 
II. C. Turn-To-Turn Failure Of Stator: 

The turn-to-turn stator failure is diagnosed by symmetrical three phase windings with the failure phase 
subjective to the corresponding impedance variation    Deviation in impedance depends on 
the faults such as number of turns and open or short circuit.  The diagnosis of the turn-to-turn stator failure is 
similar to the broken bar fault.  The computation of  as follows (Lucia Frosini  et al.,2010): 

Under pre-fault condition the stator resistance is  
 

                                                                                    (9) 

 
The stator linkage inductance is   
 

                                                               (10) 
 
Assuming N turns are shorted, substituting    for  in the above two formula we acquire the 

stator parameter after fault, and then . In case of open turn fault assuming N turns are opened, 
then .     

The ratio of shorted or opened turns is defined as the percent of shorted or opened turns over the whole 
branch turns. It is obvious that stator impedances decrease due to the turn-to turn failure and the decreased value 
increases with the augment of shorted turn ratio vice versa for open turns.  
 
II. D. Airgap Eccentricity: 

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 unbalanced magnetic pull, 
vibration and harmonics in current signal (Subhasis Nandi et al.,2011). Depends on rotor motion Eccentricity is 
classified into two types such as, static eccentricity and dynamic eccentricity (Andrian Ceban et al., 2012). 

Static eccentricity is stated as If rotor rotation center is removed a faraway place which is parallel to stator 
center. This situation is called static eccentricity. Position of minimum air-gap cannot rotate. A magnetic pull 
force occurs to the side of minimum air-gap. An example for static eccentricity is oval stator.  Dynamic 
Eccentricity is stated as Rotor rotates around stator center, but it does not rotate around its center. Hence, 
minimum air gap and magnetic pull force rotate with rotor. An example for dynamic eccentricity is oval rotor. 
Magnetic flux density variation at one point of air gap, gives information about current variation at the nearest 
coil. This means magnetic flux density calculation at one point behaves as a current sensor.  Ampere’s circuital 
law proves the relation between current and magnetic flux density. 
 
B=μ.mmf. λ                                                                                          (11) 
 
Simulation Result And Discussion: 

The whole system is simulated using MATLAB Simulink. Voltage source inverter fed induction motor 
model is taken for analyses (Seungdeog Choi  et al.,2011) because in many applications motors are fed by 
inverters. In this paper IGBT based Hex bridge inverter feds the motor. Three phase PWM signals are generated 
to control the inverter. For the analyses mathematical modeling is developed to create faults. Then the 
performances of MVIM under various faults are analyzed. The parameters of MVIM taken for analysis are 
shown in table I. 
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Table I: Motor Parameters  

Rating 5 HP, 415V, 3 phase, 50 Hz 
Stator Resistance (Rs) 0.087Ω 
Stator inductance (Ls) 0.8 mH 
Rotor  Resistance (Rr) 0.228 Ω 
Rotor inductance( Lr) 0.8 mH 
Mutual  inductance( Lm) 34.7mH 
Moment of Inertia (J) 1.662 Kg.m2 
Friction (F) 0.1 N.m.s 
Number of poles (P) 4 

 

Simulation result of bearing faults in an induction motor is shown in figure 1. It is clear that depends on the 
fault Inner raceway or outer raceway fault current increase from the actual or no fault case.  

 

 
 
Fig. 1: Simulation result of motor under bearing fault 

 
Simulation result of broken Rotor bar faults in an induction motor is shown in figure 2. It is clear that 

depends on the number of bars broken in rotor of motor current leads from actual or no fault current.  
 

 
 
Fig. 2: Simulation result of motor under broken rotor bar fault 
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Stator faults of an induction motor are analyzed with different percentage of short circuit and open circuit. It 
clear that depends on the raise in short circuit percentage of motor current lags. From figure 3 it is obvious that 
short circuit in stator increases the current and lags the actual current.  

 

 
 
Fig. 3: Simulation result of motor under short circuited stator 

 
From figure 4 it is obvious that open circuit in stator decreases the current and lags the actual current. 

 
 
Fig. 4: Simulation result of motor under open circuited stator 

 
Simulation result for air gap faults in an induction motor is shown in figure 5. It is clear that depends on the 

fault in an induction motor magnetic flux density varies continuously. 
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Fig. 5: Simulation result of motor under air gap fault 
 
Conclusion: 

Identification of faults in an induction motor using stator current is analyzed using MATLAB/ Simulink.   
In this proposed method, from the stator current all faults such as open/ short circuit in stator, broken rotor bars, 
bearing faults and air gap eccentricity are identified. Faults at initial stages can also be predicted easily by this 
method. So this system protects motor from gradual development of fault. It is the simplest and low cost method 
to find fault at any stage. This feature makes this method most suitable for all MVIM based drives. Since this 
method is a simple method processing time is very less.  
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