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Abstract :  This paper presents the check probability for the utilization of micro electro mechanical accelerometers for the 

determination of electric motor’s vibration signature analysis. Here Lab-VIEW software is used for analysis and user interface. 

Vibration signal of motor is observed for various speeds and speed is changed by SPWM technique. The complete assembly of 

MEMS (Micro Electro Mechanical Systems) accelerometer ADXL 203 and interfacing devices (PCI 6221 and BNC 2120) is also 

verified with standard vibration signal generating laboratory equipment. 

 

 

IndexTerms - SPWM, MEMS, “g” scale, FFT, Transducer. 

I. INTRODUCTION 

In the modern day’s industry, down time of machine is firmly linked with profitability of the organization. Analysis based on 

vibration signal generated by electric motors can deliver prior information of the probable sever fault at very initial stage. [1] This 

also helps as large machines are not required to be dismantled for the purpose of inspection. Continuous or periodic data of vibration 

recorded for the purpose of machine health inspection must be reliable and there has to minimum loss of data between signal of 

vibration generated by electric motor and the same acquired by transducers which is interfaced with Lab-VIEW in our case. The 

MEMS (Micro Electro Mechanical Systems) having transducer and signal conditioning elements fabricated on single chip will be 

helpful in transmitting vibration signal reliably. This work is an experiment with MEMS accelerometer to acquire vibration signal 

from the electric motor and check the reliability of the same. 

 

II. ACQUISITION OF SIGNALS 

The FFT (Fast Fourier Transform) is used as mathematical tool for the purpose of analysis. A program developed in Lab-VIEW 

software will receive vibration signal acquired by ADXL 203 (MEMS accelerometer IC) through interfacing device PCI 6221.This 

interfacing card is acquiring data at speed of 250 KS/sec. Some of the external signals are interfaced and reliability of PCI-6221 is 

checked by following figures. 

 

Fig. (1) Show the rectangular signal and its FFT generated by Lab-VIEW program and Fig. (2) shows the sinusoidal signal, its 

FFT and assembly used for the external signal interfacing with computer. 

 

 

 

Fig. 1 Rectangular waveform interfaced with PCI-6221 
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Fig. 2 Arrangement for signal interfacing 

 

 

III. FORMULATION OF PROGRAM 

 

Objective of program is to perform FFT on the vibration signal acquired from electric motor and display magnitude of various 

frequency components present in the vibration signal. The program also includes standard patterns of vibration under various faulty 

conditions like misalignment, loose bearing, bent shafts, imbalance and electrical fault. 

 

In vibration signature analysis the received signal is compared with reference data stored in program, this reference data provides 

threshold values for various frequency components which indicates presence of respective faults. This reference data may be provided 

by manufacturer of the machine can be obtained from standards like IS 11726, NEMA standards or can be derived through 

experiments.   

 

Electrical fault and Mechanical fault can be segregated easily based on frequency bands, as most of electrical faults will have 

frequency components which are multiple of line frequency, and mechanical faults will have frequency components which are 

multiples of motor speed in Revolutions per Second. [1] 

 

This program developed in Lab-VIEW is validated with standard signals, FFT of which are known, like rectangular and sinusoidal 

signal. The signal interfaced from signal generator and its FFT are as shown in Fig (1) and Fig (2). Fig (3) and Fig (4) shows the flow 

chart of program. 
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Fig. 3 Flow chart for device configuration  

 

 
Fig. 4 Flow chart for User Interface and fault calculation 

 

As shown in following Fig (5), (6) and (7) user needs to enter running speed of motor in revolution per second and has to select 

type of fault to be simulated. As shown below pure imbalance fault includes only one component that is twice the fundamental 

component of motor speed (2X). [2]  

 

 
Fig. 5 Electrical Fault 
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Fig. 6 Pure Imbalance 

 

 
Fig. 7 Loose Bearing 

 

IV. SELECTION OF IC 

 

Following parameters are taken in to account while selecting one chip accelerometer. Sensitivity constant: It is measured in terms 

of mV/g, where “g” is the unit of acceleration. Now acceleration is depicted as multiple of gravitational constant (9.81 m/sec2). 

Frequency range: This should be given by credit because frequency band of vibration signal with which selected accelerometer is 

going to work is not matched then, one cannot acquire the perfect pattern of vibration signal generated by motor. Most of the 

accelerometers have a flat response in the frequency range of 10-4000Hz. [3, 6] 

 

Amplitude linearity: If magnitude of vibration signal is beyond or below certain value then output of accelerometer IC will not be 

proportional to the input vibration magnitude. The IC will lose its linearity and we will have incorrect value of vibrations. [3] 

 

Temperature linearity: If transducer gets too cold or too hot its linearity falls of. IC accelerometers can work faithfully up to 

2500F. [3] Keeping all of above parameters in view ADXL 203 has been selected for this work. ADXL 203 is having sensitivity 

constant of 1000 mV/g, and can measure vibrations of at least + 1.7g. It is having bandwidth of 2.5 KHz. [4] 

  

Cx and Cy capacitances are connected externally to have flexibility in bandwidth ADXL 203. 
 

BW = 1 / (2π X 32KΏ X C) [5]                                                                                             Where C = Cx = Cy  
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            Fig. 8 Block diagram of ADXL 203[5] 

 

 
Fig. 9 Internal Arrangement in IC Accelerometer 

 

The operation of IC accelerometers can be understood by Fig (9). The IC accelerometer is mounted on body of motor, where 

maximum vibration is experienced. This vibration causes moving plates of accelerometer to displace, because of this displacement 

capacitance changes and output voltage changes proportional to vibration energy input. 
 

V. RESULTS AND DISCUSSION 

 

1. On Flexible Cantilever Beam 

 
Here ADXL 203 is mounted on flexible cantilever beam. A magnet is also attached with this beam at various positions, i.e. near 

the hinge, at free end of the beam and change in vibration signal is observed. Following figures shows the arrangement and output 

for various positions of the magnet. 

 

When magnet is connected near the hinged end, damping provided by weight of magnet is minimum, so vibration level is 

maximum and while it is connected at free end damping effect of magnet’s weight is maximum so vibration level is minimum. 

 

One thing should be kept in mind that, when external signal is selected by used in window the data of speed and magnitude is not 

necessary. 

 

 

 

 
Fig. 10 Arrangement on Vibrating Beam 
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Fig. 11 Least vibration level (Magnet attached at free end) 

 

 
Fig. 12 Highest vibration Level (Magnet attached at hinge) 

 

 

 

2. On Induction Motor 
 

A Sinusoidal Pulse Width Modulated (SPWM) speed controlled 1440 RPM, 5 HP, 3-¢ SCIM is equipped with ADXL 203 - 

mounted on its terminal box. Here readings are taken at 50 Hz and 40 Hz frequency. 

 

It can be seen from Fig. (14) that, at 50 Hz frequency, all dominant components are multiple of 50 and at 40 Hz, dominant 

components are multiple of fundamental frequency of 40 Hz (Fig 15). 
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Fig. 13 Arrangement on SCIM 

 

 
Fig. 14 SCIM Vibrations at MI=1 and f=50Hz [7]                                                          

 

 
Fig. 15 SCIM Vibrations at MI=1 and f=40Hz 

 

 

 

VI.  ACKNOWLEDGMENT 

With proper selection of instrumentation and program methodology vibration analysis can prove effective mean of Induction 

Motor’s health diagnosis. As in our case ADXL 203 IC accelerometer operates faithfully in its defined bandwidth of 2.5 KHz. As 

described in standards 1 KHz spectra and + 2g is extreme level of vibrations, ADXL 203 fits in to above mentioned criteria. Such IC 

accelerometers will lead to compact hand held vibration analyzing devices. 
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