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Nowadays, many industries in production process encounter fluid loss, fluid mixing,
and fluid degrading caused by valve leakage. The internal valve leakage is hard to
detect and approximate the leakage rate during online operation. Acoustic emission
(AE) method, a nondestructive testing (NDT) technique, has sufficient sensitivity and
can detect in-process valve leakage; however, most researches estimate the leakage rate
with empirical-based prediction. Hence, the specific tests provide a great deal of
collected database. Accordingly, this research’s overall concern is on the application of
AE method into the internal valve leakage problem both theoretically and

experimentally.

The aim of this dissertation is to present the AE signal characteristics generated by
valve leakage, the relationship between AE parameter and various fluid and process
variables, the theoretical model for prediction a leakage rate of valve, and the Smart
Valve Leakage Detector (SVLD) and a portable instrument proposed by this research.
Firstly, the characteristics of AE signals were investigated by various signal analysis
techniques such as time, magnitude, and frequency analysis. The result showed that the
AE signal characteristics were continuously random signals in time domain. Probability
density function (PDF) of AE signal at various condition of leakage was Gaussian

function stationary random signal in magnitude analysis. This implies that the detected
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AE signals were produced from time-invariant process. In addition, it was found that the

frequency at the peak magnitude in frequency analysis is around 150 kHz. Secondly, by

assuming that the sound power ( 7, ) generated by turbulence jet is a function with AE
signal power ( AE},), the result showed that the AE}, . was directly functional to the

P, based on Lighthill’s equation in air leakage of valve application. Thirdly, the

theoretical model was derived. The model presented that the leakage rate (Q) was an
exponential function of the various factor not only AEy, but also fluid and process

variables such as turbulence jet velocity, sound velocity in the fluid, fluid density, gas
constant, temperature, valve size, and inlet pressure level. Fourthly, 2" generation of
SVLD was designed and produced in this current research. The system performances
were tested in laboratory. The accuracy as determined by this prototype is
approximately + 11.1 % full scale. The sensitivity of this instrument is 8.4 mV/l/min.

Moreover, the implementation of SVLD was also accomplished in field test.

Apart from main objective of this dissertation, the finding consistency ratios in
frequency range of 100 kHz to 300 kHz of two different AE measurement systems
(different AE sensor) were found by comparison method of AE spectra. This method
confirmed that the ratios of two frequency response functions of the different AE
measurement systems were linear system response. The contribution of this proposed
method helps to transfer AE information of different AE sensors. Additionally, this
contribution of knowledge conducts to using Power Spectral Density (PSD) to convert

AE signal power value both in time and frequency domains, based on Parseval’ s

theorem.

Keywords : Acoustic Emission / Leakage Rate / Turbulent Jet / Valve
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