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Abstract 

Now - adays in industrial practices continuous improvement of quality, productivity 

with lesser operating cost is desirable. To obtain these goals improvement in the 

maintenance practices and cost reduction are very important. As maintenance personnel, 

one has to know the reasons of failure, maintenance practices and the knowledge of the 

state of the art technologies. In most of real time industrial practices induction motors 

play a significant role and their reliable and safe operations is always desirable. In this 

paper a comprehensive idea of various faults, causes, detection parameter, techniques 

and latest trends in the condition monitoring technologies have been incorporated. To 

illustrate firstly a real time application of rotor fault by conventional Motor Current 

Signature Analysis (MCSA) based on measurement of sidebands in the stator current 

spectrum has been demonstrated. Thereafter an intelligent technique based on Neural 

Networks (NNs) has been proposed; tested and simulated that proclaims reliable and 

efficient operation. 

 

Keywords: Motor Current Signature Analysis, Induction Machine, Fault Diagnosis, 

Neural Networks 

 

1. Introduction 

Induction motors play a very important role in the safe and efficient running of 

industrial plants and processes due to its low cost, robustness and economical 

maintenance. Early detection of faults in the motors will help avoid expensive failures. 

Condition monitoring of these machineries can significantly reduce the cost of 

maintenance and the risk of unexpected failures by allowing the early detection of 

potentially catastrophic faults. Due to the complex and nonlinear relation between the 

machine variables and fault phenomena and also the occurrence of multiple faults 

simultaneously, a rigorous analysis is required to interpret the data in relation with the 

occurred fault [10-12]. To address these issues intelligent techniques, such as NN, Fuzzy 

logic, Expert systems, Genetic Algorithm, hybrid systems and many more are other 

approaches have been reported by Singh et al., [18]. Filippetti, et al., [19] used Neuro-

Fuzzy system for detecting existence and severity of inter-turn fault with motor currents 

and voltages as inputs. Zidani [21] proposed a fuzzy decision making system using Park 

vector extracted patterns to identify stator winding turn faults. But one has to learn 

background knowledge of the system. Tallam presented a negative-sequence equivalent 

circuit for detecting induction motor stator winding fault [20]. Intelligent systems are 

valuable as compared to conventional monitoring techniques due to non requirement of 

modeling equations of the faulty system and need a priori knowledge for implanting 

the monitoring tools and techniques. In addition to its intelligent systems are helpful in 

improving the automation of the monitoring process. In this paper an online 

monitoring based on NNs has been carried out for rotor fault detection of induction 

motor in Jindal Steel & Power Limited, Raigarh, India. It needs to be stated that the 
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proposed scheme doesn’t require a priori knowledge of the system. The rest of the paper 

contains four sections structured as follows: Section 2 illustrated the faults indicators, 

testing, monitoring and detection techniques, in Section 3 experimental study have 

been shown, while simulation studies and results have been shown in Section 4. 

Finally conclusions have been drawn in last Section. 

 

2. Fault Indicator 

Faults in induction motors [1, 3] have been categorized according to the main 

components of fault in stator, rotor, bearings and in others. To add various surveys of 

faults of large induction motors conducted by IEEE-IAS, EPRI [4-6] and Allianz [7] are 

exhibited in Table 1. 

Table 1. Comparison of IEEE IAS, EPRI, ALLIANZ Surveys 

Major 

components 

Percentage of failures 

IEEE 

IAS 

EPRI ALLIANZ 

Bearing related 

(%) 

44 41 13 

Rotor related (%) 08 09 13 

Stator related (%) 26 36 66 

Others fault (%) 22 14 08 

The induction motor is highly symmetrical and any presence of faults affects its 

symmetry. This yields a corresponding change in the interaction of flux between the stator 

and rotor, consequential changes to the stator currents, voltages, magnetic field and 

machine vibrations. Furthermore, these signals can be used for online condition 

monitoring. According to Nandi and Toliyat [2], the major faults arising in induction 

motor are classified as: 

 

 Stator faults resulting in the opening or shorting of the winding, 

 Turn to ground faults, 

 Abnormal connection of the stator windings, 

 Broken rotor bar or cracked rotor end-rings, 

 Static and/or dynamic air-gap irregularities, 

 Bent shaft which results in rub between the stator and rotor, causing serious 

damage to the stator core and windings, 

 Shorted rotor field winding, 

 Demagnetization of permanent magnets, 

 Bearing and gearbox faults. 

 

2.1. Testing and Monitoring Methods 

The testing and monitoring methods can be mainly classified into online and offline 

testing. In offline mode the observed motor required to be removed from service, 

whereas in online monitoring mode the motor is kept in running operation. The various 

testing and monitoring methods are as follows: 

 

a. Visual Monitoring 

In this method motor is simply inspected by the unaided eye, through the use of 

borescopes for better observation, use of microscopes to increase magnification if needed, 

and CCTVs. 
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b. Vibration monitoring 

This is the oldest traditional monitoring technique and widely used to detect 

mechanical faults like mechanical imbalance and bearings failure. A piezo-electric 

transducer is used to sense the acceleration of a moving part and provided acceleration 

signal can be used to convert into velocity or position signal. Vibration monitoring 

systems can be categorized mainly into data acquisition, feature extraction and condition 

classification. Data are gathered using transducers. 

 

c. Current monitoring 

Some faults can be monitored and detected by measuring the voltages or currents in the 

windings. When faults occur, magnetic field generated which changes in flux. Hence 

search coils can also be used in condition monitoring. The stator current is commonly 

measured by using a Hall-effect transducer. It contains frequency components which can 

be correlated to a variety of faults. 

 

d. Voltage monitoring 

Stator voltage can be measured by using a high frequency differential voltage probe or 

isolation amplifier and it can be used to determine the instantaneous power, torque and 

negative sequence impedance. 

 

e. Flux monitoring 

Penman et al., [13] proposed a method to detect inter-turn faults by analyzing the 

axial flux component of machine using a large coil wound concentrically around the 

shaft of the machine. Even the fault position could be detected by mounting four coils 

symmetrically in four quadrants of the motor at a radius of about half the distance from 

the shaft to the stator end winding. This technique works properly in the case of 

presenting supply harmonics but it can’t be used extensively in industry because of 

installing search coils. In addition to it proposed scheme is heavily dependant on the 

motor load torque which makes setting alarm levels very difficult. 

 

f. Air gap Torque 

The air gap torque is sensitive to unbalances created by any kind of fault e.g., 

unbalanced supply voltages, cracked rotor bars or asymmetric stator winding, which is 

generated by the flux linkage and the currents of a rotating machine. Hsu [14] studied air 

gap torque frequency components in detecting inter-turn short-circuit fault proclaiming 

the non-zero angular frequency of the torque displaying the faulty situation of the motor. 

 

g. Sequence Component 

Negative sequence current component of the motor’s phase currents has been 

introduced as the first indicator for inter-turn fault diagnosing. Toliyat and Lipo [15] 

showed variation of this parameter in existence of stator winding asymmetries. Since, 

negative sequence current mainly depends on unbalance supply voltage, apparent 

negative-sequence impedance is further introduced as an inter-turn fault indicator by 

Sottile et. al., [16]. 

 

h. Temperature Monitoring 

Inter-turn fault produces excessive heating which can harm the insulation. Tallam et. 

al., [17] reported the fact that for each 10°C increase in the temperature there is 50% loss 

of insulation life. So stator thermal inspection is very necessary in prolonging motor life 

and can be used as fault monitoring technique. 
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2.2 Fault Detection Techniques 

 

a. Complex park vector 

When 3-ɸ balanced supply system is given to healthy motor then park vector forms a 

circle centered in the origin of the d-q plane with constant radius. In case of faulty 

condition motor mimics as an unbalanced load. Such unbalance causes an oscillation in 

the radius of park vector and turned into elliptical shapes as shown in Figure 1. 

 

 

Figure 1. Park Vector for Healthy Motor (left) and Motor with Fault (right) 

b. MCSA method 

The most common method for both stators as well as for rotor fault detection is based 

on MCSA [23–29]. In this method the information given by stator current sensors are 

necessary to analyze the motor behavior. This approach uses the lower sideband (LSB) 

and upper sideband (USB) around the fundamental frequency FL. When a rotor fault 

(asymmetry) occurs, the amplitude differences of current at FL to USB and LSB changes. 

This occurrence may be accounted for as the result of a backward rotating field induced 

by the rotor fault [30]. LSB and USB are not the only effected due to the rotor broken bars 

but some other frequencies are also induced in the stator current which go insufficiently to  

explained and that can give more information about the rotor asymmetry and the fault 

severity. Various researches related to analytical approach of the stator current frequency 

components for the detection of electrical faults have been reported [31–34].An ideal 

current spectrum for healthy motor is shown in the Figure 2, which shows LSB and USB 

due to broken rotor bars around the FL. 

 

 

Figure 2. Ideal Current Spectrums 

A decibel (dB) versus frequency spectrum is used to give wide dynamic range and 

detect the unique current signature patterns that are the characteristics of different faults. 

On the basis of current patterns the condition of the rotor is identified. A rotor fault in 

motor mainly depends upon slip frequency and pole pass frequency (PPF). The slip 
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frequency is the difference between normal speed and actual speed. Generally in motor 

the numbers of poles are known and PPF can be determined. The peaks of sidebands can 

be determined by the Equation 1 

FL ± PPF  (1) 

 

On the basis of current patterns the condition of the rotor is identified as tabulated in 

Table 2 [8-9]. 

Table 2. Condition of the Rotor 

Amplitude 

 difference (dB) 

Rotor condition 

 (with at least 75% of rated load ) 

>60 Excellent 

54-60 Good 

48- 54 Moderate 

 

42-48 

Bar crack may be developing or high resistance 

joints 

 

36-42 

Two bars may be cracked or high resistance 

joints likely 

30-36 Multiple cracked or open bars or end ring 

probable 

<30 Multiple broken bars and/or end rings very 

likely 

 

3. Experimental Study 

Roughly more than hundred experimental studies aimed to find out fault detection of 

induction motor have been carried out in Jindal Steel & Power Limited, Raigarh, India 

and few of them are tabulated in Table 3. 

Table 3. Important Parameters of Motors 

SN. Power 

output 

(KW) 

Current 

(A) 

Rotor 

bars 

Stator 

slots 

Running 

speed 

(Hz) 

PPF 

(Hz) 

Load 

(%) 

USB 

(dB) 

LSB 

(dB) 

Index 

1 480.0 54.00 88 72 12.288  0.940 84.1 -81.3 -76.3 0.0845 

2 365.0 40.00 58 48 24.713 0.482 32.2 -61.7 -58.2 0.5056 

3 350.0 36.5 50 60 24.340 0.436 77.5 -37.7 -39.7 5.0883 

4 661.0 72 58 72 16.231 0.550 68 -43.1 -44.1 2.6594 

5 570.0 61 58 48 24.598 0.573 78.5 -55.5 -57.9 0.6752 

 

The current signature patterns for all cases have been shown in Figure 3 to Figure 7. 
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Figure 3. Current Signature Patterns for Case 1 

 

Figure 4. Current Signature Patterns for Case 2 

 

Figure 5. Current Signature Patterns for Case 3 
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Figure 6 Current Signature Patterns for Case 4 

 

Figure 7. Current Signature Patterns for Case 5 

In all these case studies supply voltage of 6600 volts has been considered. Rotor faults 

in motor mainly depend upon slip frequency and pole pass frequency (PPF). The slip 

frequency is the difference between normal speed and actual speed. Generally in motor 

the numbers of poles are known and by multiplying number of poles to the frequency, 

PPF can be determined. A fault in rotor circuit creates upper sideband (USB) and lower 

sideband (LSB) around the shaft rate harmonics. In case 1 as shown Figure 3 the value of 

PPF is 0.940 Hz and motor is 84.1% loaded and peaks are clearly observed. The values of 

USB and LSB are -81.3 dB and -76.3 dB respectively. The differences in amplitude 

between the line frequency peak to USB and LSB is an indication of the rotor bar health. 

For healthy motor amplitude difference should be high. The difference of greater than 60 

dB indicates an excellent rotor bar condition. Under faulty condition of the motor (i.e., 

high resistance joints or cracks in rotor bar), the rotor impedance rises. Due to this, the 

current drawn at the PPF frequency increases, misleading to an increase in the amplitude 

of the PPF peaks in the current spectrum. A difference of about 48 dB would indicate the 

presence of high resistance joints whereas difference of about 35 dB indicates multiple 

broken bars. An estimation of number of broken bars (broken bar factor) can be obtained 

from the Eq.2. [22]. 

 

𝑛 =
2𝑅

(
𝑁

1020 + 𝑝
)

=
2 × 58

(
43.6

1020 + 2
)

= 0.7430718           (2) 

 

Where n is the index (estimate of number of broken bars), R is number of rotor slots, N 

represents average dB difference between USB and LSB and supply component= 

(43.1+44.1)/2=43.6 dB and p is the pole pairs which is 2. The index is 0.7430718 but Eq. 
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2 is applied for full load operation and this has to be modified since the MCSA 

measurement performed on reduced load. After applying the correction factor for this load 

and particular motor design (commercially sensitive and cannot be shared) finally index 

has been determined 2.6594. Table 4 depicts the rotor health on the basis of index. 

Table 4. Rotor Health on the Basis of Index 

SN. USB LSB Index Rotor health 

1.  -75.3 -78.3 0.0845 Excellent 

2.  -61.7 -58.2 0.5056 Rotor bar crack may be developing or 

problems with high resistance joint 

3.  -37.7 -39.7 5.0883 Multiple broken rotor bars and end rings 

very likely.  Severe problems throughout 

4.  -43.3 -44.1 2.6594 Multiple cracked or broken rotor bars 

and end rings indicated.  Also joint and 

ring problems 

5.  -55.5 -57.9 0.6752 Rotor bar crack may be developing or 

problems with high resistance joint 

 

The range of index and rotor health has been considered and shown in Table 5. 

Table 5. Rules for Rotor Health 

Sr. No. Range of Index Rotor health 

1.  0.00 to 0.10 Excellent  

2.  0.10 to 0.25 Good  

3.  0.25 to 0.39 Alert  

4.  0.39 to 0.90 Damaged  

5.  0.90 and above  Seriously damaged  

 

4. Simulation, Results and Discussions 

To test the effectiveness of proposed scheme all simulation has been carried out on 

MATLAB R2010a. It is well observed from Eq.2 that there is very strong nonlinear 

relationship between index and USB and LSB. Since NNs are universal approximations 

and also have inherent capabilities to deal with nonlinearity [35] therefore NNs have been 

considered as a perfect tool for the proposed scheme. An experiment has been performed 

to determined number of hidden layers and number of hidden neurons for each layer. Two 

(02) hidden layers, five (05) and eight (08) hidden neurons have been found as optimum 

choice. Tan Sigmodial activation function has been chosen for hidden layer and linear 

activation function has been chosen for output layer. The simulation parameters are 

chosen as follows: 

Table 6. Simulation Parameter 

S.No Parameter Value 

1.  Learning rate 0.02 

2.  Momentum coefficient 0.9 

3.  Performance goal 0.001 

4.  Maximum epochs 3000 

5.  Training algorithm Levenberg–

Marquardt  
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The configuration of NN has been shown in Figure 8. 

 

 

Figure 8. Configuration of NN 

The inputs for NN are LSB and USB and output of network is Index. Data relating to 

one hundred (100) faults i.e., Current patterns along with USB and LSB have been 

collected and digitized. 80% data have been used for training and rest unseen cases have 

been utilized for testing. The convergence of training is shown in Figure 9 and NN meets 

the performance goal in 1541 epochs. The errors have been plotted and shown in Figure 

10 and it is observed that minimum 96.5% accuracy has been obtained. 

 

 

Figure 9. Convergence of Training 
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Figure 10. Error 

The results of 12 cases are reported as follows: 

Table 7. Results 

S.N Index Rotor Health 

1.  0.907192 Seriously damaged   

2.  0.299895 Alert   

3.  1.170987 Seriously damaged   

4.  2.441899 Seriously damaged   

5.  0.513113 Damaged   

6.  1.307174 Seriously damaged   

7.  1.064989 Seriously damaged   

8.  0.609815 Damaged   

9.  0.177121 Good   

10.  0.062442 Excellent   

11.  0.0896 Good  

12.  0.3177 Alert  

 

All these results have been tested and verified from Jindal Steel & Power Limited, 

Raigarh, India. 

 

5. Conclusions 

Condition monitoring can improve the reliability and reduce the maintenance costs of 

motors. A brief illustration of Fault indicators, testing and monitoring methods and fault 

detection techniques has been presented. Due to ability to detect online rotor fault 

detection by MCSA has been used. The data for 100 cases have been collected and NN 

has been used to identify the rotor faults. On the basis of simulation results it is concluded 

that the proposed scheme is able to detect online rotor health of the motor.  
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