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Abstract— For a fluid-transportation system, vibration analysis has number of applications such as fault diagnostics & 
prognostics. The elucidation and affiliation of this data is often troublesome, even for the skilled personnel, and thus 
automated processing and analysis methods are sometimes required. Generally main focus in these analysis systems are to 
produce a correlation between hazard levels to vibration signal that can be compared to a calibrated value. Many papers 
proposes the use of fluid transients as a non-invasive technique for locating hazards in transmission .But it is not clear from 
the literature, that is the details related with each feature so that the results are reliable among users. An attempt has been 
made to define the terms, and to show mathematical expressions which are indispensable to produce consistent results. 
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I. INTRODUCTION 
 
  Natural frequencies of the incompressible fluid flow 
pipe, statistical characteristics of the fluctuating 
pressure and pipe acceleration response have been 
described in the literature. Pipe is one of the most 
commonly used transporting medium [1] applicable to   
transport or send liquid or gas from one place to 
another. Pipes are used in houses, buildings and 
industries where the needs of sending fluid without 
any obstructions are crucial. Sometimes in a piping 
system the liquid is not flowing continuously or even 
stop flowing due to impurities clogging on the internal 
area of the pipe. This would cause inefficiency in 
terms of delivering time and also the volume rate 
being transferred. This paper focused towards the 
process of hazard detection using vibration analysis. 
Generally hazards in pipeline indicate blockage as 
well as leakage which causes fluid transportation 
problem in a pipe. Various paper explores low-cost, 
nonintrusive[3], flow-rate sensor based processes for 
detecting hazards in the pipe where the signal noise is 
a result of turbulence-induced pressure fluctuations in 
the fluid flow which are imparted to the pipe wall & 
pipe vibration due to internal flow has been 
investigated. Various researches builds on the signal 
noise concepts and presents experimentally based 
relationships between signal noise and the flow rate in 
a pipe. The data which are found during experiment 
indicate that there is a strong relationship between the 
accelerometer based signal noise and the flow rate in 
the pipe. 
In addition the presence of a leak in a pipe imposes a 
pattern on the resonance peaks of the FRD that can be 
used as a clear indication of hazard. Analytical 
expressions describing the pattern of the resonance 
peaks are derived. However this pattern can be used to 

individually locate and size multiple leaks within the 
system are presented. This paper is focused towards 
process that is used for the detection of hazards in 
visco elastic pipeline. The first section of the paper 
will provide an overview of the various experimental 
set up  and the next section  entitled data acquisition 
technique and also discuss the various mathematical 
solution related to detect hazards in pipeline. 
 
II. HAZARD DETECTION TECHNIQUES 
 
This section of the paper presents a brief literature 
review of previous works related to topics within 
vibration analysis of viscoelastic pipeline. 
        Lee et al(2005) established a method of leak 
detection in a single pipe where the behaviour of the 
system frequency response diagram (FRD) is used as 
an indicator of the pipe integrity. The presence of a 
leak in a pipe imposes a pattern on the resonance 
peaks of the FRD that can be used as a clear indication 
of leakage. Analytical expressions describing the 
pattern of the resonance peaks are derived. 
Illustrations of how this pattern can be used to 
individually locate and size multiple leaks within the 
system are presented. Practical issues with the 
technique, such as the procedure for frequency 
response extraction, the impact of measurement 
position, noise- and frequency-dependent friction are 
also discussed. Duan et al(2014) demonstrated that an 
extended partial constriction of the pipe flow area 
causes changes in the system resonant frequencies and 
these changes can be used for locating and sizing 
partial blockages in pipes. compared with numerical 
simulations and experimental data. The analytical 
analyses are used to explain the blockage-induced 
frequency shifts and to provide insights for its 
practical applications in pressurized water pipelines. 
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In this paper the wave-blockage interaction under 
unsteady flow in the pressurized pipelines has been 
investigated. The frequency response of pipe systems 
with blockages (discrete and extended) is first derived 
by transfer matrix method and the results show that an 
extended blockage can change resonant frequencies 
and amplitudes, but a discrete blockage can only affect 
the resonant amplitudes. Relevant experimental data 
are retrieved from the literature to confirm the 
findings of this study. To explain the frequency shift 
(change) phenomenon induced by an extended 
blockage, a wave perturbation analysis is conducted. 
The results demonstrate the dependence of the 
frequency shift and reflection coefficient on the 
blockage properties (diameter and length). Moreover, 
the results also indicate that resonant condition of a 
partially blocked pipe system for different incident 
waves is consistent with that in gravity waves. Though 
Evans et al(2004) investigates the possibility of 
developing a nonintrusive, low-cost, flow-rate 
measurement technique where the technique was 
based on signal noise from an accelerometer attached 
to the surface of the pipe. The signal noise is defined 
as the standard deviation of the frequency-averaged 
time-series signal. Experimental results are presented 
that indicate a nearly quadratic relationship over the 
test region between the signal noise and flow rate in 
the pipe. It is also shown that the signal noise–flow 
rate relationship is dependent on the pipe material and 
diameter. Lile et al. (2012) describes the effect of 
blockage in circular pipe using vibration 
measurement. In this paper the correlation of blockage 
levels to vibration signal has been shown. When fluid 
flow through an obstacle, the streamlines get closer 
which will increase the flow velocity and decrease the 
pressure. The vibration parameters are measured 
using accelerometer and the relationship between 
blockage levels to vibration signal are observed. It is 
found that vibration in pipe increases as the flow area 
gets smaller. This work expresses the potential of 
vibration analysis in assessing blockage inside a 
circular pipe with direct water flow. 

 
Figure1.Testing setup 

 
III. PIPE VIBRATION RESPONSE METHOD 
 
The signal pattern and parameters [1] which are found 
during testing are analysed and .In this method Fast 

Fourier Transform (FFT) & Root Mean Square are 
useful for analyzing. 
The given figure describes how frequency varies when 
there is any kind of disturbance in a pipe line. The 
above figure represents the FFT graph of vibration 
acceleration response. This graph shows the 
correlation of acceleration and frequency. This pipe 
vibration method is very efficient to detect hazards in 
pipe. Generally the vibration response varies due to 
fluctuation of pressure and high velocity of fluid. The 
change of fluid velocity and pressure inside the pipe 
will increase the vibration of the circular pipe.  
 

 
. The accelerometers are used to get pipe vibration 
response which is due to fluctuation of pressure inside 
the pipe. For further studies these results will be used 
for comparison with numerical simulation results of 
the pipe vibration. The various values related to 
frequencies shows relationship of pipe vibration and 
pressure fluctuation where the characteristic of the 
fluctuating pressure is defined by Power Spectral 
Density (PSD). The following equation shows the 
relationship between excitation PSD and response 
PSD. 
 
Sd( = 2 Sp(                                  (1) 
Where Sp( )= excitation PSD, &, Sd( ) = the 
response PSD. 
Piezoelectric sensors for measuring pressure, force, 
and acceleration may be regarded as under damped, 
spring mass systems with a single degree of freedom. 
They are modeled by the classical second-order 
differential equation. 
(a0/ab)=1/[√{1-(f/fn)2}2+(1/Q2)(f/fn)2]                    (2)   
 Where: 
fn   = 

  undamped natural (resonant) frequency (Hz) 

f   = 
  frequency at any given point of the curve (Hz) 

a
o 

  = 
  output acceleration 

a
b 

  = 
  

mounting base or reference acceleration (f/fn = 
1) 

Q   = 
  

factor of amplitude increase at resonance 
For measuring the fluctuation of pressure in 
pipe, following is the equation[3] 
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                            (3)                                                                                              

A = cross sectional area of the beam 
 =specific weight of the beam 

g= acceleration of gravity 
EI =flexural rigidity 

,A ,g are constants. Therefore, the above equation 
can be rewritten as shown as below: 

                                  (4)                                                                                                   
Where C =  

The above equation indicates that the acceleration of 
the pipe is proportional to the pressure fluctuations in 
the fluid. 
 
CONCLUSION 
 
As there are many ways to process vibration data for 
hazard detection purposes, the details in the 
pre-processing steps must be standardized for better 
analysis purpose. Generally signal analysis is used by 
means of various device and plotting the graph, which 
shows the hazard in a pipe. This paper contains some 
process used for detection of blockage in pipe and 
presented some of the signal processing parameters 
that impact their sensitivity. In order to advance in the 
knowledge base and evaluate the parameters & 
features for hazard assessment and tracking, the 
research community needs to understand and 
document these processing details and sensitivities. 
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