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Acoustic Emission (AE) Technology-based Leak Detection System Using
Macro-fiber Composite (MFC) Sensor

Jaehyun Park*, Si-Maek Lee**, Beom-Joo Lee***, Seon Ju Kim***, Hyeong-Min Yoo***'

ABSTRACT: In this study, aimed at improving the existing acoustic emission sensor for real time monitoring, a
macro-fiber composite (MFC) transducer was employed as the acoustic emission sensor in the gas leak detection
system. Prior to implementation, structural analysis was conducted to optimize the MFC's design. Consequently, the
flexibility of the MFC facilitated excellent adherence to curved pipes, enabling the reception of acoustic emission (AE)
signals without complications. Analysis of AE signals revealed substantial variations in parameter values for both high-
pressure and low-pressure leaks. Notably, in the parameters of the Fast Fourier Transform (FFT) graph, the change
amounted to 120% to 626% for high-pressure leaks compared to the case without leaks, and approximately 9% to 22%
for low-pressure leaks. Furthermore, depending on the distance from the leak site, the magnitude of change in
parameters tended to decrease as the distance increased. As the results, in the future, not only will it be possible to
detect a leak by detecting the amount of parameter change in the future, but it will also be possible to identify the
location of the leak from the amount of change.
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Fig. 1. Comparison of appearance between existing AE sensor
(a) and MFC (b)
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Fig. 2. Structure of MFC (a) and photo of sample with wires (b)

Table 1. Material properties used in numerical analysis

PZT-5H Epoxy PI
Density [kg/m®] 7500 1200 1450

Elastic modulus [Gpa] 64 21 3.2
Poisson's Ratie 0.33 0.3 0.34

Tensile strength [Mpa] 115 35 260
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Fig. 3. Geometry model of MFC (a), boundary conditions of
total deformation analysis (b) and modal analysis (c)
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Fig. 4. Schematic of test-bed which can artificially generate leak

Fig. 5. MFC attached to the pipe

Zo] WASRE A9 wfe] Yetol wet 19k -3 (High
pressure leak), 9} == (Low pressure leak)o & JLH3}o] Al
52 =%, BAs9h 19 22 02 MPa, ¢ FE22
0.001 MPa o]&}= vt Yok HA5te] 4 ZdYstaict.
A3 FAE 918) MECS] oF% ATto] AAL
Fa, A5 =22 93) YL (40 dB), glo]E = A=X]
et et ioIE] 54 o1 200 K
L2 fgolEE AXs 3 PCof|A A%
EERRETEIPER Am yZol A5 ghaehel
FH = A= stal, Hol2 & FEHE 4 Al
2}7_1:‘01]/# 1< F2]of ¥H3}H(Fast Fourier Transform, FFT)
& AFg5fo] xZ0] Fula(frequency), yE0] A& FHE D]
FFT 2 = e & Atk dutd ez SFdEolA +
Zof gj8t 415 Wsk= FFT 182 9] 30 KHz~50 KHz <
oNA FEHAA e Al A Qlof[15], & Aol
A= B4 HeE 30 KHz~50 KHz2 AA351o] 25 L}
STt 7 24 Rolol A Als WsE HeHon 24
517] 1% ol = & L) Eo| A shetul e R FEUA
(Standard deviation)@} =2 & JJH.(Peak to peak) gk A=
3} AL, FFT 18 o] Al & H« 34> (Mean frequency),

Square root of centroid frequency 4}& AH=3to] YR SIct
(Table 2) [16].

ol

o

o ot

[o &L ﬁ o

Table 2. Material properties used in numerical analysis
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Fig. 8. AE signal (Point 1)
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Fig. 6. Numerical analysis results for total deformation
Fig. 9. AE signal (Point 2)
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Table 4. Parameter of AE signal

Waveform parameter FFT parameter
T Standard Deviation Peak to Peak Mean Frequency 5‘“‘"'::’::: Comtreld
oint1_No Leak 1 1 1 1
point]_Low Pressure 1.024740695 1.026206240] 1.22114570 1.184736617]
soint1_High Pressure 4.820271794 4.450526794) 7.250850134 7.249829077]
point2_No Leak 1 1 1 1
lpoint2_Low Pressure 1316048483 1172207248 1.11263807 1.087386049
[point2_High Pressure 2.260323314 2.012528216) 2 84504843 2.92912326:
int3_No Leak 1 1 1 1
[point3_Low Pressure 1.055474354 0.998894521] 1.065239161] 1.08120682
int3_High Pressure 1656666981 1.53126651 2.215605784 2.437060064
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Fig. 11. Parameter value changes with distance from where the
leak occurred
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