
 

 

 

Vibration Signature Analysis of Reciprocating Element in Machines 

using MATLAB and LabVIEW 
 

Akhil A. Deshpande#1, Jaheen J. Mishrikoti*2, Vinayak V. Kulkarni#3 
#Department of Mechanical Engineering, KLS Gogte Institute of Technology, Belagavi.  

Autonomous Institution under Visvesvaraya Technological University, Belagavi 
1aadeshpande@git.edu, 2vk@git.edu, 3 jaheen.mishrikoti@gmail.com 

 

 

Abstract— Vibration Signature Analysis is one of the most useful tool used in condition monitoring. Condition 

monitoring is been evolving since long time. The failure of the reciprocating element interrupts the operation due to 

shutdown of the machine. The reciprocating element are commonly find their application in automobile industries, 

production plant, power sectors, chemical industry, reciprocating compressors, pumps etc. The reciprocating element are 

operating under high pressure and temperature conditions and there are many chances of this components failing before 

any warnings due to vibrations and their failure results in shutdown of the machines. Since this components are critical 

their failure have consequence on cost. Therefore it is necessary to know the health of this reciprocating element before 

catastrophic failure and this is possible by condition monitoring and is very important due to high expense of machine 

elements. In this work it is intended to carry out the condition monitoring of reciprocating element for different operating 

speeds like 300, 400,500,600,700,800,900 RPM and different duration of 10 and 15 seconds so as to obtain the safe band 

of vibration for maximum and minimum amplitude. Monitoring is done by using two Analysis software’s that is LabVIEW 

and MATLAB. The results obtained in both the software are checked for their compatibility so as to integrate both the 

software and develop a single maintenance system at less operating cost. 
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I. INTRODUCTION 
 

Condition monitoring is a process of systematic data collection and evaluation to identify the changes in 

performance of system so that to identify the significant change and develop a curative action before failure in a cost 

effectual manner. Condition monitoring is a major element of predictive maintenance. Condition monitoring uses selected 

measurements to detect changes in operating conditions. 

 

Condition monitoring is a process which uses sophisticated technologies in order to determine the machine 

condition before breakdown and it is very necessary for today’s industries in order to avoid shutdown of the plant. 

Condition monitoring not only describes the present circumstances of the machine but also provides the data which when 

properly interpreted gives the remaining functional life of a machine component or components in process. Therefore 

Condition monitoring plays a very important role in avoiding the unplanned shutdowns and determining the life 

anticipation of overall process. 

 

Most of the machines while deliberate properly generate low level of vibrations at the beginning and during 

working condition it is subjected to large forces which generates fatigue ,wear and deformation which leads to increase in 

clearances between the mating parts causing misalignment leading to increase in level of vibration. As time increases this 

level of vibration continues to increase leading to breakdown of the machine component. Different techniques of offline 

Condition monitoring which can be used are material thickness testing, acoustic emission, thermograph, vibration analysis, 

visual inspection which includes sound, speed, lubricant analysis and wear debris analysis. 
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A. Importance of study of Vibration 
Most of the human activities involves vibration we hear because our eardrum vibrates, we see because the light wave 

undergo vibration. Vibration initially was concentrated on the natural phenomenon and developing statistical theories for 

physical system. The recent development in vibration involves design of machine foundation turbines etc. 

 

Most of the machines have problems due to unbalance the unbalance may be due to misalignment, faulty designs. The 

wheels of some automobiles rise more than one centimetre off the track at high speeds due to unbalance. Vibration causes 

failures in turbines and engineers have not yet been able to prevent the failures of blade and disk vibration. 

 

The structures that supports the heavy rotating and reciprocating machines are also subjected to large amount of 

vibration and the structures may fail due to fatigue and cyclic variation of induced stress. In addition vibration also cause 

excessive noise wear and tear of bearings, gears, and loosening of fasteners and also reduces the surface finish due to 

chatter. 

 

When the natural frequency of vibration coincides with natural frequency of external excitation the condition that 

occurs is resonance and amplitude of vibration is extensively large at resonance and the forces that are generated are too 

large which leads to extreme deflection and failure. 

 

B. Necessity of measuring vibration                                                                                                                                                                      
i. Higher productivity demands increases the operating speeds, economical designs and light weight structures which makes 

the occurrence of resonance condition more often and reduces the reliability. Therefore the frequent vibration 

measurements are required for safety limitations. 

ii. Any shift in the vibration characteristics or the shift in natural frequencies will indicate the failure or need for maintenance. 

iii. Vibration measurement is necessary in order to select the operating speed to avoid resonance. 

iv. As assumptions are made in theoretical calculations of vibration characteristics of a system the actual values may be 

different in analysis. 

v. The input and output measurements of vibration characteristics helps in identifying the system. 

 

C. Cause of Vibration :There are various conditions which results in vibration acting alone or in combination and 

vibration are caused by auxiliary equipment. 

 

i. Imbalance: It is primarily caused due to manufacturing defects like blow holes machining errors, or maintenance 

problems. The imbalance increases as the machine speed increases and results in bearing failures and undue vibrations. 

ii. Shaft runout: The out of line shafts of machine result in vibration. For example when the axis of pump and motor are not 

parallel the angular misalignment occurs when theses axes are parallel but not aligned this condition is known as parallel 

misalignment and is caused during assembly and by thermal expansion. 

iii. Wear: The components such as ball bearings, cause vibrations when they are worn out. The chipped tooth in gears due to 

wear also cause vibration in geared systems. 

iv. Looseness: The effect of vibration becomes extensively high when there are loose components or they are loosely 

attached to the mountings. Looseness always results in vibration which causes damage to components like bearing, wear 

and fatigue in equipment. 

II. LITERATURE REVIEW 
 

1. Yousef Alhouli, Abdullah Alkhaledi, Abdulaziz Alzayedi, Mohsen Alardhi& Ahmed I. Abed [3] gave the 

importance of condition monitoring of engine before failure using vibration signature analysis. Engine body vibrations are 

rich in information which tells the machine condition by attaching accelerometer the vibration signature was extracted and 

data acquisition was used for conversion and signal processing. The data obtained was in time domain and frequency 

domain to plot the graph for amplitude and crank angle at different loads and speed. 
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2. Vinayak V. Kulkarni, M. M. Nadakatti1 and A. A. Deshpande [4] they have given the condition monitoring system 

for roller bearing by using LabVIEW and MATLAB at different loads and speed. The vibration data is analysed in 

frequency domain. 

3. Akhil Deshpande, Vinayak Kulkarni and Anuj Deshpande [5] they gave the concept of condition monitoring of heavy 

machineries by using remote location. The condition monitoring can be done using software by web based control and 

MATLAB and LabVIEW. 

4. Ezzeddine Ftoutou and Mnaouar Chouchane [6] Using vibration analysis the fuel injection faults of  Internal 

Combustion Engine is determined and its propagation to the main structure in time domain, frequency domain and angle 

frequency domain. The fault is indicated by comparing the obtained signals of faulty engine by reference signal using Fast 

Fourier Transform Analyser. 

5. Syed Tafazzul Mahmood [7] gives an idea of condition based maintenance of MAZAK 3-axis CNC milling machine by 

using vibration signature analysis and MATLAB software. According to Hansen I.H the maintenance cost is the second 

largest cost of the organization budget. Vibration signature analysis is most commonly used technique in condition based 

maintenance which give information about machine condition to detect the problem and overcome failure. 

6. Somki tAiamsamang, Teerawat Thepmanee, Prasit Julsereewong, Amphawan Julsereewong [8] They presented 

the test system for quality control of single suction centrifugal pump by using LabVIEW for Thai manufacturing line .the 

real time data, pump testing and test procedures are based on LabVIEW the test is carried out on an individual pump for 

expected head and system generates test procedures to maintain the quality. 

7. Ashwini J. Pudke, Sanket N. Bhagat, Dr. S. L. Nalbalwar [9] they gave the design and development of LabVIEW 

based coal mine monitoring system which detects the non-safety conditions in coal and generates alarm. Since coal is very 

important source of energy and thousands of workers earn their livelihood and it’s very dangerous if accidents occurs. 

LabVIEW compares the obtained signals with the reference signals and when the value exceeds the LabVIEW front panel 

gives indication by glowing LED and the GSM sends message to base station. 

8. Fei Chen, Yingjuan Yue, Wenxia Sun and Yaque Jing [10] designed a testing device based on virtual instrumentation 

technology using LabVIEW for gas cylinder the processes like temperature measurement assembly and disassembly of 

plug and weight measurements can be done. In virtual instrumentation computer is the core and users designs the program 

data analysis and processing of signal is also done. 

9. Chilaka Ranga, Ashwani Kumar Chandel [11] This Review paper gives the condition monitoring of alternating motors 

which are widely being used in induction machines to overcome incipient failures. There are many monitoring techniques 

but implementation and programming is difficult .LabVIEW is a human interface software which is easy to implement and 

provides best platform to study the characteristics of induction machines and condition monitoring and their diagnostic. 

10. Christopher Guerra [12] Gave the importance of condition based maintenance to determine the faults and overcame 

catastrophic failures which measures the critical parameters when this parameters deviates from original value it predicts 

the faulty running condition. This research concentrate on failure modes like valve slugging, valve spring fatigue, valve seat 

wear. Computer modelling is done using MATLAB and Simulink software without actually operating to save time and 

CFD analysis is done to compare results. 

11. J. B. Catlin [13] Developed a vibration measurement system for naval ship which is used as a supplement for predictive 

maintenance and gives example of environmental vibration that are caused primarily by propeller blade passing 

frequency .the measurement for degradation is done by using vibrometer and analyser to detect fault before failure and 

also gave procedures to indicate minute mechanical ship problems. The vibration analysis from ashore is different from 

ship. 

12. Marcin Kluczyk [14] Studied the problems associated with reciprocating compressor running by motor less than 100 KW 

and has given the course of action which needs to be taken at the time of measurements. The objective was the 

comparison of two varying compressors the waveforms for vibration and acceleration was recorded using accelerometer 

the obtained data was in time domain and converted in frequency domain by using Fast Fourier Transform. 

13. Ren Shang-kun, Li Zhong-ji, and Yang Yao [15] they developed an Alternating Current Field Measurement (ACFM) 

testing method used for flaw detection based on numerical analysis and programming using LabVIEW. ACFM is a non-

destructive testing technique developed from flux leakage and eddy current testing. USB5935 DAQ card connected to the 

computer performs the function of waveform analysis and quality inspection of electronic components and system 

software was developed using LabVIEW. 
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14. D. Dragomir-Daescu A.A. AI-khalidy M. Osama G.B. Khan [16] the present work give early mechanical damage for 

refrigeration compressor and is based on signature of degradation mechanism that takes place under loads and time. A 

sample is tested in stress condition and different condition parameters are taken as stress variables and statistical models 

are built. The analysis is done by national instrumentation LabVIEW 8 channel 16 bit. 

15. He Yunbo, G.H.Lim, Patrick S.K.Chua and Alfred C.H.Tan [17] the present work focuses on condition monitoring 

and fault diagnosis of hydraulic cylinder axial piston motor by using LabVIEW. LabVIEW  which gives the real time data 

and effective analysis by having programming environment real life faults of actuator components, vibration signatures 

and frequency spectra at different speeds and loads are also presented. 

16. John T. Renwick [18] addressed the criteria involving the practical and economical needs while selecting condition 

monitoring program including dynamics, vibration, and diagnostic techniques. For condition monitoring two important 

question are need to be answered i.e. what is the cost and why it is needed once the cost and need is determined it is 

important to check whether the failure will be detected by the selected program because all machine have their own source 

of excitation and frequency. The information received by the sensor is in time domain converted to frequency domain by 

using FFT analyser the selected condition monitoring program should give the information about fault at incipient stage 

with solution. 

17. Kwang-Hee Choi, Sang-Guk Lee and Byoung-Oh Lee [19] they gave the maintenance method for emergency diesel 

generator as condition based maintenance   emergency diesel generator is used in nuclear power plants. Engine signature 

analysis includes combustion analysis, vibration and ultrasonic analysis. This signature provides information to check 

whether they are exceeding the design limit and indicates the sign of problem. 

 

III. OBJECTIVE AND METHODOLOGY 
A. Objective 

1. The objective of carrying out this study is to determine the safe band of vibration with minimum and maximum amplitude 

for different operating speeds and duration in time domain for a reciprocating element in a machine and then to compare 

the results using LabVIEW and MATLAB. 

2. To see the compatibility of two software. 

B. Methodology 
The methodology that is considered for the carrying out the study is as follows 

1. Firstly we need to develop a model consisting of reciprocating element and a single phase motor with a provision to vary 

the speed. 

2. The motion is provided for the reciprocating element by using motor at different operating speeds. 

3. This vibration developed in reciprocating element is measured using accelerometer. 

4. The vibration data that is analog signal is sent to Data Acquisition system. 

5. The DAQ card is connected to LabVIEW and MATLAB by using suitable hardware and software’s like NIDAQMAX 

(Measurement and Automation Explorer). 

6. The circuit for measuring vibration is created by using LabVIEW Virtual Instrumentation. 

7. The test is carried out at different speeds and vibration is measured. 

8. The result obtained are imported into MATLAB software to get similar output.  

9. The similar test is carried out in MATLAB software by installing proper software and generating codes to acquire data and 

then comparing results with obtained using LabVIEW. 

10. The result obtained are imported into LabVIEW software to get similar output. 

11. If the results are varying then necessary correction is done in the LabVIEW circuit and reprogramming MATLAB codes. 

IV. EXPERIMENTAL SETUP 
 

The experimental set up for the study of vibration is shown in figure1. It consist of a piston and cylinder which is 

mounted on base of length 1400mm and base U shaped channel of size 75x40 mm . The end of the piston rod is 

connected to a small link of length 40 mm and big link of length 80 mm, width 20 mm and thickness of 5 mm which is 

made of Mild Steel all the parts are connected by using high tensile half threaded bolts and nuts. 
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The accelerometer is mounted on the reciprocating element which is connected to NI-DAQ-9234 Data Acquisition 

Card and the output cable from the Data Acquisition Card is further connected to the computer system. The computer 

system consist of hardware drivers and software like LabVIEW and MATLAB which store, analyze and display the output 

 
 

Fig 1 Experimental Setup for study of vibration 

A. Procedure for conducting Test    
The following are the steps involved for obtaining real time acceleration values. 

1. Accelerometer is fixed on the reciprocating firmly with the help of bees wax 

2. Accelerometer is connected to DAQ card port for example ai0, the DAQ system consist of 4 ports the output of DAQ is 

connected to computer USB port. The signal is analog in nature which is converted to digital by using Analog to Digital 

Convertor in Data Acquisition system. 

3. To acquire the data form DAQ the computer contain software LabVIEW and MATLAB which store, analyse and display 

the output signal on the front panel in the waveform graph. 

4. The circuit diagram for acquiring signal in LabVIEW by using G programming is developed the signal is in digital form of 

acceleration. 

5. The experiment is conducted for different operating speeds and duration. 

6. The experimentation work is stopped for specific duration for example 5 sec and the data which is real time acceleration 

data is exported directly from graph and excel sheets using write to measurement files in LabVIEW and MATLAB. 

7. The graphs are captured for reference. 

 
Fig 2 Result of LabVIEW running at 400 RPM 

 
 

Fig 3 Result of MATLAB running at 400 RPM 
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V. RESULTS AND DISCUSSIONS 
 

The experiment was carried out at different operating speeds and duration. The maximum and minimum amplitude of 

vibration was recorded for 300,400,500,600,750,800,900 RPM and for 10 and 15 seconds. The comparison of results are 

shown in the table 1. 
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VI. CONCLUSIONS 
 

On the basis of literature review it has been found that vibration signature analysis is one of the most useful technique 

used in condition monitoring and it is done either on LabVIEW or on MATLAB software. There are provisions were we 

can integrate both the software to obtain useful results from vibration signatures which are obtained from the 

reciprocating element. 

 

The experiment was conducted for vibration signature of piston and cylinder with cylinder diameter of 40mm and 

stroke length 100mm by using LabVIEW and MATLAB software to determine safe band of vibration for maximum and 

minimum amplitude operating at different speeds. If there are any deviation in the vibration pattern from the safe band the 

necessary corrective actions can be taken before failure to avoid breakdown. 

 

The results obtained from LabVIEW and MATLAB software are found to be compatible with each other and hence 

both the software can be integrated for future analysis. 

 

ACKNOWLEDGMENT 
 

The authors wishes to thank the Department of Mechanical Engineering of KLS Gogte Institute of Technology, 

Belagavi for providing an exclusive and well equipped condition monitoring laboratory for carrying out the 

experimentation satisfactorily. 

 

REFERENCES 
 

[1] Condition monitoring resource by Featured Resource NI Machine Condition Monitoring Portal National Instruments Wind Turbine 

Condition Monitoring Portal Wind Turbine Condition Monitoring. 

[2] Mechanical Vibrations by S. S .Rao and Beginning of vibration signature analysis by Jack D. Peter’s vibration signature analysis hardware. 

[3] By Yousef Alhouli, Abdullah Alkhaledi, AbdulazizAlzayedi, Mohsen Alardhi& Ahmed I. Abed, “Study of Diesel Engine Vibration 

Condition Monitoring”, Global Journal of Researches in Engineering: General Engineering, Volume 15 Issue 6, Version 1.0, Year 2015 

[4] Vinayak V. Kulkarni, M. M. Nadakatti1, A. A. Deshpande, “LabView based Bearing Failure Prediction Using Data Acquisition 

System,” Indian Journal of Advances in Chemical Science. Pp 142-145, S1 2016 

[5] Akhil Deshpande, Vinayak Kulkarni, Anuj Deshpande, “Web based Remote Controlling and Condition Monitoring of the Heavy 

Machineries,” International Journal of the Computer, the Internet and Management, SIAM Technology College, Bangkok, Thailand, Volume 

25, Issue 2, Pp 21-25. 

[6] BanEzzeddine,Ftoutou and MnaouarChouchane, “ Injection fault Detection of Diesel Engine by Vibration Signature © Springer 

International Publishing AG 2018 

[7] Syed Tafazzul Mahmood, “Use of vibrations analysis technique in condition based maintenance”,  Department of Production Engineering   

Sweden 

[8] SomkitAiamsamang, TeerawatThepmanee, PrasitJulsereewong, AmphawanJulsereewon,“LabVIEW-Based System for Testing Centrifugal 

Pump Efficiency”,  Proceedings of the SICE Annual Conference 2017,  September 19-22, 2017 .                           

[9] Ashwini J. Pudke, Sanket N. Bhagat, Dr. S. L. “LabVIEW Based Coal Mine Monitoring and Alert System with Data 

Acquisition”Nalbalwar International Conference on Intelligent Computing and Control SystemsICICCS 2017. 

 

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 6, JUNE/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/21



 

 

 

 

[10] Fei Chen, Yingjuan Yue, Wenxia Sun and Yaque Jing,“ Automatic TestingDevice for Gas Cylinder Based on LabVIEW”, 2008 IEEE  

[11] ChilakaRanga,Ashwani Kumar Chandel,“Advanced Tool Based Condition Monitoring of Induction Machines by Using LabVIEW–A 

Review”,  2015 IEEE UP Section Conference on Electrical Computer and Electronics (UPCON) 

[12] Christopher Guerra,“Condition monitoring of reciprocating compressor valves using analytical and data-driven methodologies”,Rochester Institute 

of Technology RIT Scholar Works 2-1-2013 

[13] J. B. Catlin, “Vibration Signature Analysis as a  Preventive Maintenance Tool Aboard Ship”,  Thesociety of naval architects and marine 

engineers 

[14] Marcin Kluczyk, “Vibration characteristics of reciprocating air compressors used for hyperbaric Purposes”, Polish hyperbaric research 

3(52)2015, Journal of Polish Hyperbaric Medicine and Technology Society 

[15] D. Dragomir-Daescu  A.A. AI-khalidy  M. Osama G.B. K h a n, “Damage detection in refrigerator compressors using vibration and current 

signatures”, SDEMPED 2003-Symposium on Diagnostics for Electnc Machines, Power Electronics and Drives Atlanta, GA, USA, 24-26 

August 2003  

[16] He Yunbo, G.H.Lim, Patrick S.K.Chua and Alfred C.H.Tan, “Monitoring the condition of loaded modern water hydraulic axial piston 

motor and cylinder Hydraulic System”, Thesis, Nanyang Technological University, Oct 2000 

[17] John T. Renwick, “Condition Monitoring of Machinery Using Computerized         Vibration Signature Analysis”, IEEE transactions on 

industry applications, Vol ia-20, no. 3, may/June 1984 

[18] Kwang-Hee Choi A*, Sang-Guk Lee A and Byoung-Oh Lee, “A Case Study of Signature Analysis on Engine Condition of Emergency 

Diesel Generators”, Transactions of the Korean Nuclear Society Spring Meeting Jeju, Korea, May 17-18, 2012 

[19] RajkumarBoddu, P. Balanagu, N. Suresh Babu. Zigbee, “Based Mine Safety Monitoring System with GSM.” International Journal of 

Computer & Communication Technology, 2012, India, Volume-3, 63–67 

[20] Introduction to LabVIEW and Computer Based Measurements, January 2013 Edition, Part Number 342377G-01, National Instruments 

Corporation. 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 6, JUNE/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/22


