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ABSTRACT 

  Effective utilization of Induction Motor plays a vital role in industry environments. In order to reach this 

effective process, it has to stand with various types of faults which is rising from rugged environment. In this paper, 

unique performance of Squirrel cage induction is taken which is robustness, reduced size and low cost. When fault 

occurs, adjustable drive techniques should be tolerated to these faults. For this purpose, early detection of fault and 

its diagnosis progress should be applied to the drive techniques. Rotor fault, fault in short circuit winding, fault in air 

gap eccentricity, load fault are the various faults in this drive. To detect the fault in induction motor On-line condition 

monitoring is widely used. Here initially normal operating condition of induction motor model is developed after 

that, various faults are analyzed. The simulation model of the setup is developed and the system performance is 

analyzed after the injection of fault in sequential order. The classifier used here is Support Vector Machine (SVM) 

which requires kernel function for nonlinear characteristics for obtaining the best results. For that here various kernel 

based functions are convolved with SVM which results in detection of faults at an accuracy of 91.4% with reduced 

training samples. Here Kernal based SVM classifiers for three phase induction motor is simulated using 

MATLAB/SIMULINK software 

KEY WORDS: Fault Diagnosis, Induction motor drive, Kernal based SVM Classifiers. 

1. INTRODUCTION 

In industry induction motors are widely used because of its inherent ruggedness and minimized cost. 

Adjustable speed drives are mostly used in many industrial applications. For applications requiring a constant speed 

induction motor is used because of its conventional method of speed control have either exclusive or highly 

ineffective. In order to prevent sudden failure and economic damage periodic maintenance is performed (Bazzi, 

Dominguez-Garcia, 2010) 

From the equation obtained from arbitrary reference frame of symmetrical induction machine, the simulation 

of various modes of operation is suitably obtained (Bazzi, 2012). Fig.1, shows entire block diagram of induction 

motor drive. The mathematical calculations and algorithms are used in the control scheme and it needs capable and 

precious controllers. Here a novel theory is introduced to recover the performance of the motor running in various 

points at optimum voltage at optimum frequency for optimum motor efficiency. 

 
Figure.1. Block diagram of induction motor drive 

To achieve the timely diagnostics of incipient IM faults the on-line IM diagnostic systems are being 

developed.  The detection of fault and the rotor fault analysis are critical so the preventive fault diagnosis is important 

in industrial applications, while Faults in rotor share only about20% of the overall faults induction machine.  

 Most of the faults are occurred in induction motor like bearing fault effect (32-52%), stator winding fault 

(15-47%), rotor bar fault (5%), shaft fault (2%), external disturbances are also produced 12-15%. Common rotor 

faults are break in rotor bars and the rotor to stator eccentricity. Due to short circuit of windings Stator faults are 

created. By monitoring the mechanical vibrations, current, reverse sequence pole and partial charges are measured 

for incipient fault detection (Slemon, 1989). 

To monitor the induction machine the spectral study of operational process parameters like temperature, 

pressure, stem flow etc. are measured by the combination of advanced computerized data processing and acquisition 

intelligent techniques. The evaluation tools used are Time domain analysis, spectrum analysis, and cestrum analysis. 

To resolve changes by trend setting, time domain analysis is used, to determine trends of frequencies spectrum 

analysis is used,  to determine amplitude and phase relations, as well as to identify periodical Components of spectra 

cestrum analysis is used. In many situations, for incipient fault detection vibration monitoring methods are utilized. 

However, for stator current monitoring (Karthikeyan & Chenthur Pandian, 2011). 
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In this paper three phase induction motor dynamic model was developed and normal mode and faults modes 

are discussed. Then SVM classifiers are used to diagnosis the faults. Here Rotor fault, bearing fault, Eccentricity 

Faults are diagnosis by using kernel based SVM classifiers 

Dynamic Model of Induction Motor: The dynamic model in stationary reference frame with α-β reference frame 

variables of squirrel cage induction motor [SEIM]. 

 
 

Figure.2. Equivalent Circuit of SCIM (a) α axis (b) β axis 

From Fig.2, Components stator and rotor voltage of the induction motor can be expressed as follows: 
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The components of rotor flux linkage in the stationary reference can be written as 

𝛹𝑟𝛼 = 𝐿𝑚𝑖𝑠𝛼 + 𝐿𝑟𝑖𝑟𝛼 +𝛹𝑟𝛼0                                 (5) 

𝛹𝑟𝛽 = 𝐿𝑚𝑖𝑠𝛽 + 𝐿𝑟𝑖𝑟𝛽 +𝛹𝑟𝛽0                                 (6) 

Where 𝛹𝑟𝛼0 and 𝛹𝑟𝛽0 are the residual rotor flux linkages in α-β axis, respectively. 

Then, 𝜔𝑟 electrical rotor speed, the components of rotating voltage in the stationary reference frame are as the 

follows: 

𝜔𝑟𝛹𝑟𝛼 = 𝜔𝑟𝐿𝑚𝑖𝑠𝛼 + 𝜔𝑟 𝐿𝑟𝑖𝑠𝛼  + 𝜔𝑟𝛹𝑟𝛼0               (7) 

𝜔𝑟𝛹𝑟𝛽 = 𝜔𝑟𝐿𝑚𝑖𝑠𝛽 + 𝜔𝑟 𝐿𝑟𝑖𝑠𝛽  + 𝜔𝑟𝛹𝑟𝛽0               (8) 

The expressions for capacitor voltages are, 
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Using “Fig. 2”, equations (1)-(10), for the matrix equations of SCIM at no-load in the stationary reference 

frame are given by 
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From (11), can be written the state equations as follows: 

𝐴𝑝𝐼𝐺 +  𝐵𝐼𝐺 + 𝑉𝐺  = 0                                         (12) 

Where, 
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2. INDUCTION MOTOR FAULT ANALYSIS METHODS 

Bearing Faults: Two concentric rings is arranged in rolling element bearing. In between the inner ring and outer 

ring set of balls of rollers spin are placed in raceways. Defects of bearing may be classified as “distributed” and 

“local”. Defects in distributed system are having misaligned races, roughness in surface. These defects lead to 

vibrations immediately. This happens when a roller running over defected surface where the period and amplitude 

are deliberated by spot, speed, dimension of bearing of anomaly’s. The flawed bearings produces mechanical 

vibrations (Karthikeyan and Chenthur Pandian, 2011). 

Rotor Faults: Failures in electrical like bar defect or breakage of bar or mechanical failures includes rotor 

eccentricity will leads to faults that occur in rotor. During transient operations like start-up, initial faults arise from 

stresses produce from thermal or fatigue stresses in generous motors. Electrical failure like broken bar modifies 
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torque often which leads to unsafe and inconsistent of an electrical machine. The other rotor fault is caused by air 

gap eccentricity [Sundararaju and Rajesh, 2016]. Mechanical problems such as unbalance in load are related by these 

faults to some range in induction motors. The damage in bearings and house bearing causes load unbalance which 

influences air gap symmetry. 

Eccentricity Faults: The eccentricity is the unequal airgap between stator and rotor of induction motor. It is of two 

types:  

The eccentricity of static air-gap and the eccentricity of dynamic air-gap. The radial length of airgap is 

minimum and it is fixed in particular space for static air gap eccentricity. The mixed eccentricity and inclined 

eccentricity have also been reported. In adverse, midpoint of rotor and midpoint of rotation does not concur for 

dynamic eccentricity. In this situation, air gap is not rigid in particular space but moves along with the rotor (Gerald 

Christopher Raj, 2010).  

Kernal based SVM classifiers: Boser, introduced a Support Vector Machine (SVM) in 1992 for a state-of-the-art 

classification method. Due to its high accuracy, ability to deal with high-dimensional data such as gene expression, 

and edibility in modeling diverse sources of data the SVM classifier is extensively used in bioinformatics. 

SVMs belong to the common type of kernel methods. A kernel method is an algorithm that depends on the 

data only through dot-products. The kernel function replaces the dot product which computes a dot product in some 

perhaps high dimensional feature space. This has two advantages: First, by methods designed for linear classifiers it 

has the ability to generate non-linear decision boundaries. Second, for no obvious fixed-dimensional vector space, 

the use of kernel functions allows the user to apply a classifier to data. Sequence, either DNA or protein, and protein 

structure are the prime example of such data in bioinformatics. When supervising an SVM the practitioner needs to 

make a number of decision: how to preprocess the data, what kernel to use, and as a final point, setting the parameters 

of the SVM and the kernel. Uninformed choices could result in strictly reduced performance (Sundararaju and 

Rajesh, 2012). 

 By mapping our data from input space X to a feature space F using a non-linear function Φ: X F is the 

resident way of making a non-linear classifier out of a linear classifier F. In the space F is the discriminant function 

is: 

f(x) = WT+ Φ(X)+b                                  (13) 

Non-separable data is modified from linearly separable data sheet applicable only for hard margin SVM. 

Maximization of the geometric margin 1/||W|| is done by discriminant function which is equivalent to minimizing 

||w||2. This leads to the following constrained optimization problem: 

Minimize                               0.5||w||2W, b                                    (14) 

Subject to: yi (WT+ Φ(X)+b)≥1         i=1,2…n 

The kernel trick avoids the explicit mapping that is needed to get linear learning algorithms to learn a 

nonlinear function or decision boundary.  

3. SIMULATION AND DISCUSSIONS 
Simulations procedure: By Simulations it is easy to evaluate even the most extreme faults, provided a simulation 

has been validated in hardware. Under fault condition,the observation of  drive performance is not helpful in 

commercial drives having fault detection and isolation. Here, the various faults are analyzed by coding written on 

M-FILE. In this paper the following steps are used for analyzing various types of faults (Senthil Kumar and Mahesh, 

2016). 

Step1: The Manual Switch block's open function sets 

Step2: Get Parameters for switching action on and off. 

Step3: Set parameter for denature for output variable dimension and size. 

Step 4: Get the function of switch values either blocking mode or switch mode. 

Step5: Get parameter for orientation work for diagnosis the fault. 

Step 6: Get parameter for plotting waveform like x axis, y axis, Radius. 

Step 7: Get function for action allowed in all faults. 

Step 8: Check for error thrown from the internal switch bloc 

Simulation Results 

  
Figure.3. Eccentricity Fault based on Discrete Format Figure.4. Eccentricity Fault Occurred on Load 

Current Values 
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Figure.5. Rotor  Fault based on Discrete Format Figure.6. Rotor Fault Occurred on Load 

Currentt Values 

  
Figure.7. Bearing Fault based on Discrete Format Figure.8. Bearing Fault on Load Current Values 

  
Figure.9. Pure Sine Wave Discrete Format Figure.10. Pure Sine Wave  on load current 

values 

  
Figure.11. Stator currents response after fault 

diagnosis 

Figure.12. Fault Diagnosis in D & Q current 

From Fig.3 to Fig.12, various faults like Eccentricity Fault, rotor fault, bearing faults discrete format as well 

as load current format also simulated using M-file.  

4. CONCLUSION 

This paper attempts to summarize recent developments in induction motor fault diagnostics and prognostics. 

Various techniques, models and algorithms have been analyzed and the suitability of a particular technique for a 

specific fault diagnosis has been focused upon in this paper. Here new algorithms are developed for detection and 

diagnosis the fault using MATLAB Mfile software. Then Kernal based SVM classifiers model is also developed and 

bearing fault, rotor fault and Eccentricity faults are discussed. Here, various kernel based functions are convolved 

with SVM which results in detection of faults at an accuracy of 91.4% with reduced training samples. In future work 

the faults detection and diagnosis using more intelligent techniques and various control methods of induction motor 

also will be analyzed. 
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