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ABSTRACT 
Induction motors are spine of industrial, scientific and medical applications and considers the most 
widespread and most widely used in industrial applications. And that is due to its simple design, high 
efficiency, reliability, low-lying cost and resilience to work in the harsh environment of temperature and 
stresses. The objective of this research is to design and build an on-line monitoring system of three-
phase induction motors based on Motor Current Signature Analysis (MCSA) technique and motor 
mechanical vibration using the LabView program. This system is able to diagnose the type of any fault in 
condition that the frequency spectrum of its current signature and the vibrations are fed previously to 
the memory of the Artificial Neural Network (ANN). This system is equipped with a monitoring screen 
showing lamps indicating the fault type, allowing the user to have a complete view of the status of the 
motor. So, he will be able to decide the required action to be done without affecting the workflow and 
reduce waste of time, cost and efforts.  The faults studied in this research are bearing fault and dynamic 
eccentricityfault only for a 3-phase, 380V, 50Hz, 3000rpm, 2.2kW, squirrel cage I.M. The practical data 
obtained from practical tests done on a healthy machine and on that of faulty machines are fed to the 
ANN database to make it able to detect and diagnose the faults in the IM depending on the FFT of its 
currents and on the vibration measurements simultaneously. The system shows a good ability to detect 
and diagnose on-line, the faulty machine and inform the operators immediately.  
The mainconclusion arises in this work is that: to perform the database for the ANN about all the 
expected faults,the Finite Element Method (FEM) can be adopted? The 3D FE Model of the machine 
under test will be very flexible and it will reduce cost, time, and efforts requiredto include all the fault 
conditions for all loads, as well as the mixed faults conditions.Also, the existence of the accelerometer as 
a vibration sensor, and the monitoring of the quality of the supplied voltages will be very important with 
such system to make sure that there are no external reasons affecting the current waveforms. 
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INTRODUCTION 
 

The objective of this work: 

The on-line monitoring system of a 3-phase IM becomes very essential in the industry. The quality control 

departments in the manufacturing plant of IM need such a system as well as in the field when it is used in order 
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to reduce efforts, cost and wasted time. This work is an essential step to perform such a monitoring system. It 

shows the main steps of this system, taking into consideration two mechanical faults as an example, the bearings 

and the eccentricity fault. The designedsystem the ability to accomplish total faults in condition that the required 

data for the expected faults are furnished. 

Two sets of bearings are placed at both ends of the rotor of an induction motor to support the rotating shaft. 

They held the rotor in place and help it to rotate freely by decreasing the friction. Each bearing consists of an 

inner and an outer ring called races and a set of rolling elements called balls in between these two races, as 

shown in fig. (1). any physical damage of the inner race or in the outer race or on the surface of the balls is 

termed as bearing fault. In terms of induction motor failure, bearing is the weakest component of an induction 

motor. It is the single largest cause of faults in an induction motor. As per the study of IEEE and EPRI, given in 

Table (1), 41–42 % of induction motor faults are due to bearing failure [1, 2]. 

 

 
 

Fig. 1: The ball bearing  

 
Table 1: Prospect of Fault Occurrence in IM  

Studied by Bearing fault % Stator fault % Rotor fault % Others% 

IEEE 42 28 8 22 

EPRI 41 36 9 14 

  

Eccentricity faults leading to an unequal air gap which placed between stator and rotor is called gap 

eccentricity. The availability of this sort of defect causes instable magnetic attractions or instable radial forces 

that can causeharm in a motor by friction between stator and a rotor. There are three types of eccentrics, these 

are: Static, Dynamic and Mixed eccentricity. In this case, the center of the rotor is not at the center of the 

rotation and the position of the minimum air-gap rotates with the rotor [3]. Static eccentricity can lead to some 

degree of dynamic eccentricity due to the existence of unbalanced magnetic pull [4]. Fig. (2). 

 

 
 

Fig. 2: Dynamic Eccentricity 

In this research a design and implementation of an on-line monitoring system used to offer fault detection 

and to diagnose its type using the spectrum of the motor line currents as an identifier of the fault. The system 

composed of sensors to monitor the input voltages to the motor and sensors to the input currents to the motors. 

The currents data are fed to the LabView computer package through a data acquisition card. A real data of the 

healthy machine under test and those of artificially faulty motors in lab tests are used to assure the accuracy of 

the system. The designed system shows a good response to fault diagnosis. 
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2. Monitoring System Framework uses (MCSA): 

The detection of fault signals and fault diagnosis must be done by sensing the current waveforms of all the 

three phases feeding the induction motor through current transformers. These current waveforms are sent to a 

data acquisition unit through a qualified connection board. In this unit the high-frequency components of the 

waveform that do not contribute to the diagnostic process are excluded. The pure currents signals are sampled 

and converted to digital signals using analog to digital (A/D) converter. 

Digitization processes are followed by calculating the frequency spectrum of the waveforms using Fast 

Fourier Transform (FFT). The resulting harmonics were fed into an already learned artificial neural network 

(ANN) in order to detect the faulty signal and compare its harmonics with those stored in its database to 

diagnose the fault type. Then an algorithm is required to operate certain fault indicators in an interactive board 

and a post processing system will be needed to generate a diagnostic report. The general framework of the 

diagnosis system using MCSA is shown in Figure (3). 

 

3. Experimental Setup: 

The experimental setup of the monitoring system is shown in figure (4). It's composed of the following 

main components: 

 
 

Fig. 3: The framework of the monitoring scheme 

 
Fig. 4: Experimental Setup of the Monitoring System. 

a) The 3-phase induction motor under test equipped with an accelerometer. 



30-182016, Pages:  November) 11(12. esearchRciences Spplied Aournal of J2016/ .,et alOmar K. Alazzawi                 21 

 
 

b) Measurement Box shown in figure (5) includes the following: 

i. Three voltage transformers (VT's). 

ii. Three line current transformers (CT's). 

iii. One current transformer (summation CT). 

c) Shielded Connection Board type (NI SCB 68) [5], figure (6) 

d) Data Acquisition card type (NI DAQ 6036E) [6], figure (7) 

e) PC (LabView 2015 package). 

f) Monitoring screen. 

 

 
 

Fig.5: The contents of the measurement box. 

 

 
Fig. 6: The connection board NI SCB 68 

 

 
Fig. 7: Data acquisition card PCI-6036E 
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Figure (8) shows the monitoring system components as hardware in the lab. The functionality of these 

components will be as follows: 

 
Fig. 8: The real experimental setup in lab. 

 

3.1 Checking the supply voltage quality: 

It is wealthy to mention here that the quality of the 3-phase input voltages to the induction motor have to be 

checked firstly in order to avoid their effect on the monitoring system performance. Hence, three identical 

voltage transformers are connected to measure the phase voltages and to display them to the monitoring system 

before starting the machine under test. 

 

3.2 Checking the healthy case of the machine: 

The three VT's of a ratio(220/6) measure the 3-phase supply voltage feeding the motor, while the 

summation current transformer ofa ratio (250/1  ( , will measure the sum of the three line currents simultaneously. 

The accelerometer measure the motor vibration level. Hence, the "healthy" operation of the machine under test 

can be assured if and only if the following three conditions are satisfied: 

a) The difference between rms values of these VT'sapproaches zero. 

b) The summation CT reading approaches zero. 

c) The accelerometer reading range assigns good severity criteria based on ISO2372 [7]. 

 

4. The connection board and data acquisition card: 

The transducer signals are fed to the National Instrument (NI) Shielded Connection Block (NI SCB 68) in 

order to be transferred through a special cable to the Data Acquisition Card (NI DAQ 6036E). The INSCB with 

I/O connection cable setare adopted to perform shielding and to avoid the interference between transfers signals 

of each phase and the noise of other electric circuits in the vicinity. 

Figure (9) shows the DAQ main operation steps. It receives eight signals from the transducers. The first 

action of DAQ is the separation of the input data according to its required type of analysis. 

 The line voltage signals are fed from the voltage transformers through an additional shunt variable 

resistor (for calibration) and two Zinner diodes for each one to make sure that the output voltage is in the 

capability range of the DAQ voltages (±10V) [6]. 

 The line currents are fed to the amplifier stage, then the unwanted higher harmonics are discarded by 

the active filter stage. Since there is more than one analogue signal, the analog multiplexer will control these 

signals to be fed sequentially to the A/D converter. Since the sampling rate of the DAQ is 200kS/s, then each 

cycle of the 50Hz signal will be of 4000 samples. These samples fed to the A/D, and then these current data are 

ready to be processed by the LabView software on the associated PC. 

 The summation CT current signal is directly fed to the LabView. 

 The accelerometer, vibration signal fed to the amplifier and then to the LabView to be analyzed and 

displayed on the monitoring screen too. 
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The voltage signals are directly presented on the main LabView monitoring screen, as well as they are 

processed by the summation CT signal and the vibration rate to produce the "healthy" signal due to the above 

three conditions. 

 
Fig. 9: The main steps of (NI DAQ 6036E) 

 

5. The LabView program processes: 

The three line currents and the vibration signal are fed to the LabView program to do the main objectives of 

the monitoring system: 

 The fault detection. 

 The fault diagnosis. 

To perform these objectives, the need arises to preparation of line current harmonics of the machine under 

test and compares them with already stored data of the different faults of the machine with the aid of the 

Artificial Neural Network (ANN). These two processes are done by the PC LabView program.  

 

5.1 Fast Fourier Transform (FFT): 

It is easy to conclude from the literature review of the fault diagnosis subject that the FFT is an effective 

mean to achieve a frequency spectrum of any periodic distorted signals [9]. Since the DAQ send a stream of 

digital signal representing the sampled line currents, then each sample must be transformed to its analog value in 

order to be processed by FFT subroutine. The LabView is programmed to repeat the FFT process each 10cycles; 

hence the monitoring process repeated each 0.2s. 

 

5.2 Artificial Neural Networks (ANN): 

ANN mimics the human brain structure, which consists of simple arithmetic units connected in complex 

layer architecture. The ANN is one kind of popular artificial intelligence techniques that has been applied to 

condition monitoring and fault diagnosis for electric motors [10]. An ANN is composed of many artificial 

neurons that are linked together according to specific network architecture. The objective of the neural network 

is to transform the inputs into meaningful outputs. The architecture of an artificial neuron is shown as Figure 

(10) [10] 

 

 
 

Fig. 10:Architecture of artificial neurons 

 

It basically consists of inputs, which are multiplied by weights (strength of the respective signals), and then 

computed by a mathematical function which determines the activation of the neuron. Another function computes 

the output of the artificial neuron. The higher the weight of an artificial neuron is, the stronger the input which is 

multiplied by it. Depending on the weights, the computation of the neuron will be different. By adjusting the 

weights of an artificial neuron, the output can be obtained for specific inputs. An ANN combines artificial 
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neurons in order to process information. The architecture of an artificial neural network as a classifier is shown 

as Figure (11). 

 
Fig.11: Architecture ANN classifier 

 

A neural network properly trained can be used for both fault and fault severity classification, which is the 

ultimate objective of fault diagnosis [10]. However to interpret the outputs so formed and to use them for 

classification, knowledge of the training data set is still required. Nevertheless, unsupervised networks are used 

in this work because it requires less iteration in training, since they do not require exact optimization for their 

decision-making. 

 

6. System Representation Using LabView Programming: 

To detect the induction motor faults, a system for fault detection was designed based on Motor Current 

Signature Analysis (MCSA) as shown in Figure (4). The stator current is firstly sampled in the time domain and 

in the sequence; the frequency spectrum is calculated and analyzed aiming to detect specific frequency 

components related to incipient faults. The faults are detected comparing the amplitude of specific frequencies 

with that for the same motor saved in database. In the described system, data acquisition card was used to 

acquire the current samples from the motor operation. The current signals are then transformed to the frequency 

domain using a Fast Fourier Transform (FFT) based power spectrum. The block diagram for obtaining the 

power spectrum using programming in LabVIEW2015 is shown in Figure (15). The first step of LabView 

program is receiving signals from DAQ by choosing the input channels for currents, voltages and vibration 

signals. This step called initializing. The input and initializing steps in LabView are shown in figure (11). 

 

 
 

Fig. 11: Initialize input channel for signals 

 

All signals modulated in the second step to transfer it to the processing parts as it needs. This stage called as 

queue element and it is shown in figure (13). 

Third step consists a calibration reading of the currents and voltages. Firstly must demodulate signals and 

possess it severally by using the queue element as shown in figure (14). The fourth stage is to insulate the 

current waveforms of the three phases and determination of harmonic spectrum and save it as matrix with 1920 

elements and send it to the identifier. This stage includes FFT analysis and displays the results as shown in 

figure (15). 
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Fig. 13: Queues generation element 

 

 
Fig. 14: Calibration of currents and voltages. 

 

The final step of the system is comparing the harmonic data matrix with the threshold data which are saved 

in the ANN database by setting the error ratio, which ranged from 0.5 to 1 as shown in figure (16). The ANN 

database included all faults experimental harmonics data and it automatically compares it with tested motor 

current information continuously. This operation will be known as classifying as shown in figure (17). 



30-182016, Pages:  November) 11(12. esearchRciences Spplied Aournal of J2016/ .,et alOmar K. Alazzawi                 26 

 
 

 
 

Fig. 15: Current analysis 

 
 

Fig. 16: Comparison and neural stage 

 

 
Fig. 17: ANN stage 

 

7. Experimental results: 

To provide a database for ANN, a real test must be done on a real faulty motor and store the harmonics of 

their current line during a faulty condition. Two of the most probable mechanical faults will be considered as an 

example. 
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a. Bearing Fault:  

The test is done by making a defect inside ball cage bearing of the motor as shown in figure (18). 

 

 
 

Fig. 18:Bearing distortion 

 

This distortion will cause unbalance and non-smooth rotor rotation that causes distortion on MMF and 

make unbalanced forces causing some vibration and ripple in current waveform and additional harmonics in this 

waveform as shown in figure (19). 

 

 
Fig. 19: FFT of current waveforms for bearing fault. 

 

By these strategies LabView detected fault type by the ANN classifier.It comparing the FFT data with that 

saved data in the databaseand makea fault type decision as bearing no load as shown in figure (20). 
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Fig. 20:Bearing fault diagnosis 

 

b. Dynamic Eccentricity Fault: 

The deviation in the air gap in induction motor can occur in three forms, static, dynamic and mixed. In this 

research the dynamic eccentricity ECC is considered as the most common eccentricity fault and it's caused by 

mechanical stresses of the loads on the rotor. The artificial defect is done by increasing the bearing holder radius 

by 0.25mm, as shown in figure (21). 

 

 
 

Fig. 21:Bearing holder defect. 

 

This dynamic deviation from the center of rotor rotation has implications on the current waveforms which 

add unique spectral patterns can be identified through analysis of the stator current waveform by using FFT as 

shown in figure (22). The fault diagnosis using ANN classifier is indicated in the monitor screen as ECC. No 

load as shown in figure (23). 
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Fig. 22:FFT of Three Phase Eccentricity Fault Current 

 

 
 

Fig. 23: Eccentricity Fault Diagnosis 

 

Conclusions: 

This work resulted in many important conclusions, in that it shows the mainframe of an on-line monitoring 

system, but it is not sufficient to deal with all fault conditions for lack of information about all expected faults. 

The addition of the vibration sensor to this monitoring system will provide two benefits. It will add another 

diagnosis parameter and this will increase the ability of fault identification. Also, it will provide an on-line 
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vibration measurement leads to avoid any external source of vibration which will lead to a false alarm from the 

monitoring system. 

To achieve an accurate fault diagnosis system able to deal with all expected faults for certain type of 

induction motor, the data of each fault and may be for mixed faults in all loading conditions must be provided 

from a real testfor faulty conditions. Since such tests are impossible for certain faults, hence a need arises for a 

real simulation able to do this job. The 3-D finite element analysis is the best candidate for this task. 

The correct decision from such a monitoring system in industrial applications, many points have to be 

considered: 

 The machine installation and alignment with its load must be perfect. 

 The source feeding the motor must perform balanced and harmonic free voltages always. 

The contribution of this research is that it design and built the required hardware for the on-line diagnosis 

system as well as it explain the environment to be fulfilled of its operation and declare the road map to be 

followed to perform all its required data. 
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