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Abstract— In generally, detection and diagnosis of incipient 

faults is desirable for product quality assurance and 

improved operational efficiency of induction motors. 

Vibration signals measured at the external surfaces of a 

machine contain a great deal of information as to the 

internal processes. Hence it is considered as a very 

important parameter to monitor machine health. The main 

aim behind this project is to make monitoring more 

powerful by enabling it modern communication 

technologies. Here we are designing Portable Embedded 

solution which can be fixed to any real time running 

machines/vehicle (like industrial motor, Heater 

containments etc) for monitoring. The proposed system 

comprises of sensor, ardunino board, programming and 

monitoring software. These parameters will be constantly 

measured and displayed and if they cross a safety limit, the 

control action can be taken. 
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I. INTRODUCTION 

It is often very useful to measure the internal parameters of 

electrical machine under various operating conditions. The 

parameters like voltage, current, flux, torque, speed, power 

factor are usually measured & considered parameters to 

study the performance characteristics of the machine to 

study its efficiency and torque for different applications. But 

it is also important to measure & monitor one more 

parameter which are also important viz. vibrations of 

machine for the considerations of performance, efficiency, 

reliability & life of machine. 

Data acquisition system project is a fine 

combination of analog and digital electronics, which 

measures real world physical signals and converting it into 

digital numeric values that can be manipulated by a 

computer. PC interface is one of the main features of the 

project, which provides “Data Monitoring” & “Data 

Storage”. 

It is usually complicated to have constant 

monitoring & recording & storing results of these 

parameters using the traditional measuring apparatus like 

meters. Hence a system is designed to have a constant 

monitoring & storing results of these parameters using 

sensor technology 

A. Importance of Vibration Measurement: 

Vibration problems in induction motors can be extremely 

annoying and may lead to greatly reduced reliability. It is 

crucial; in all operations and manufacturing processes such 

that down time is avoided and/or minimized. If a problem 

does occur the source of the problem is quickly identified 

and corrected.. By using the proper data collection and 

analysis techniques, the true source of the vibration can be 

discovered. This includes Electrical imbalance, Mechanical 

unbalance – motor, coupling, or driven equipment 

Mechanical effects – looseness, rubbing, bearings, etc. 

External effects - base, driven equipment, misalignment etc. 

 
Fig. 1 Damage Observed In Machines Due To Uncontrolled 

Vibrations 

Vibration problems can occur in the installation or 

operation of a motor. When they occur it is normally critical 

that one reacts quickly to solve the problem. If not solved 

quickly, there can be long term damage to the motor or 

immediate failure, which would result in immediate loss of 

production. The loss of production is sometimes the most 

decisive concern. To solve a vibration problem cause and 

effect should be differentiated. For this to happen, the root 

cause of the vibration must be understood. 

B. Causes of Vibrations: 

The vibration problem relating to the induction motor are a 

combination of two groups which can be called 

„mechanical‟ and ‟magnetic‟, according to how they arise 

(this is made clear in the following sections). 

  To help determine which of the two groups of 

vibration are present, the maintenance engineer can listen 

for beats. A beat is identified as an oscillatory spaced 

frequency components alternately reinforcing then 

cancelling each other, as their relative phase varies. The 

absence of beats may indicate there is only a „mechanical‟ 

problem. The presence indicates a „mechanical‟ and 

‟magnetic‟ combined. For example, such components in a 2-

pole induction motor, could occur at closely spaced 

frequency of twice rotational speed and twice the supply 

frequency respectively. 

 Notice that oscillatory amplitude of vibration also 

occurs with amplitude modulation of a single frequency 

component, due to a „magnetic‟ problem alone. More can be 

discovered about the problem (a „power trip test‟). This will 

distinguish the „mechanical‟ and the „magnetic‟ components 

of vibration, since „magnetic‟ component will disappear 

immediately after electrical power is removed. The effect of 

the power trip test should be observed by studying the 

changing amplitude of the vibration on a spectrum analyzer.  

If a broken rotor bar or open braze joint exists, no 

current will flow in the rotor bar. Hence the field in the rotor 

around that particular bar will not exist. Therefore the force 

applied to that side of the rotor would be different from that 

on the other side of the rotor again creating an unbalanced 

magnetic force that rotates at one times rotational speed and 
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modulates at a frequency equal to slip frequency times the 

number of poles. 

C. Magnetic Vibration in Induction Motor: 

The induction machine is shown in fig.2. Current is 

produced in the rotor conductors, which is proportional to 

the difference in speed between the rotating field, produced 

by the current in the 3-phase stator windings, and the rotor 

itself. This current produces a  rotor field which interacts 

with the stator field to generate force on the rotor. 

 The field in the rotor rotates in synchronism with 

the rotating field in the stator; both advance 2-pole pitches 

relative to the stator, for each cycle of line frequency, i.e. at 

synchronous speed. The rotor of the induction motor does 

not rotate at synchronous speed, but instead slips backwards 

through the rotating field. The rate of slip is the difference 

between synchronous speed and rotor speed. 

 
Fig. 2: The induction motor stator, rotor and air gap 

 Since synchronous speed depends on the line 

frequency and the number of poles in the machine, it is 

convenient to use the pre-unit slip as defined in Fig.1, and 

define slip frequency as per- unit slip x line frequency. This 

definition of slip frequency applies to all motors regardless 

of the number of poles. The slip frequency is the actual 

frequency of the current in the rotor conductors, and the 

rotating fields advance relative to the rotor by 2-pole pitches 

for each cycle of slip frequency. 

 Motor torque is produced where balanced forces 

exist on either side of the rotor. If the forces of attraction are 

not balanced, then vibration results. This can be related to 

current or air-gap variation in induction motor. 

1) Air-gap Variation due to Eccentricity 

Now Consider the relationship with regard to air- gap 

variations. The flux in the air-gap is generated by the total 

MMF of the magnetic circuit, such that the flux: 

ɸ = Fm / Rm 

where, 

 Fm = The total MMF 

Rm = The Total magnetic reluctance in the circuit 

 Any eccentricity in the air-gap results in a variation 

of the magnetic reluctance, which depends on the radial air-

gap length. This effect is particularly apparent in induction 

motors, as these require a very narrow air-gap, compared to 

synchronous motors or direct current machines. Therefore 

small defects can results in relatively larger reluctance 

variations in induction motors. 

 If the air-gap narrows for instance, then the 

reluctance decreases and the same MMF will result in 

greater flux. The travelling sinusoidal flux wave will thus 

experience a greater rate of change as it enters this region of 

the air-gap. The effects of a varying air-gap may thus be 

similar to the effects of current variations. The same 

relationship for the unbalance force results, where only 

fundamental frequency components of MMF are considered. 

Static eccentricity refers to an eccentricity which does not 

travel (e.g. due to bearing wear or misshapen stator), this 

will produce a vibration force with components at d.c. and 2 

x line frequency. Dynamic eccentricity travels with the rotor 

(e.g. due to rotor bow), this will produce a vibration force at 

1 x RPM and 2 x slip frequency sidebands on 1 x RPM. 

Indeed these statements are justified by practical results, but 

considered of the variation of the reluctance as a periodic 

function (of space, in the case of static eccentricity, and of 

time and space, in the case of dynamic eccentricity), 

suggests different components to look for as the best 

indication of eccentricity .   

D. Vibration Sensor Signal Conditioning: 

 
Fig. 3: Signal Conditioning Circuit for Vibration Sensor 

1) Procedure:  

For the motor under running conditions vibrations in the 

vertical direction i.e along vertical axis can be measured by 

keeping the piezoelectric sensor i.e. vibration sensor on its 

frame. An insulation tape was used for fixing it. If necessary 

it can be fixed up there by epoxy glue or similar adhesive. 

The system is connected to PC by its serial communication 

port. 

2) Advantages 

 Cost of project is less. 

 Scan time is very less of the order of 1 to 5 ms 

 The system is portable, sensors can be placed at 

peripheral as well as in the inner regions i.e. inside 

the frame. 

 Computer interfacing is available hence analysis & 

storage of data is available. 

 Due to real time monitoring control automation 

becomes easy. 

 Simple to install and easy to maintain. It helps to 

monitor and control the parameters in a place where 

human inference is difficult. 

 No need of any technical person for control or 

monitoring. 

3) Disadvantage 

 Limit in the range of vibration of sensor. 

 Conversion time & system restore time is more 

than some advanced controllers. 
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4) Applications 

 To detect the cause of vibration from the analyzed 

and stored data  

 Industrial parameter control. 

 DAS generally used in Automation control system 

 Engine testing 

 Automotive engineering 

II. CONCLUSION 

The electric motor parameters can be constantly monitored 

and hence can be further controlled by using data acquisition 

and control system. The constant monitoring can produce 

data-base for scheduling of the motor servicing, 

troubleshooting and also for future references. Hence motor 

life can be improved . Also downtime of the industrial 

process can be minimized. Hence the proposed system can 

be widely used in automotive engineering, biomedical, 

instrumentation and power quality monitoring and control 

applications. This data acquisition system provides 

advantages of design simplicity, portability and less cost. 

 The final note is of extreme importance to the 

problem of practical measurements. As can be seen from 

consideration, forces and thus vibration magnitudes, vary 

according to the square of current. Thus the magnitudes are 

load power dependent; at high load powers the current in the 

motor conductors is higher. Also per-unit slip, even for a 

motor on normal  load is typically 0.03 to 0.05, i.e. a small 

value. On light loads therefore, not only will the magnitude 

of vibration components be lower, but the spacing of 

sidebands will be even smaller. In such circumstances it 

may be necessary to use an analyzer with great dynamic 

range and frequency resolution. 
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