281

= 2] - st R AL 8 A
_Ioumal of the Korean Society
for Nondestructive Testing
Vol. 21, No. 3 (2001. 6)

H AP BA A S o] §F o] AR SFEE X EA
AE Source Location in Anisotropic Plates by Using Nonlinear Analysis

o1AF", Ao

*

Kyung-Joo Lee* and Oh-Yang Kwon*

= 2 249 $99E GARANN AT PPoR e AYRS HAs SRANAE SHFO2A 249
AL B At Y TREAA A4 24 S22 olgshl Atk AR HEB e oy Aol
A RS ARG G QAT AR S5} YRl Bl ST A, we 999l A
WY AT BYANA E4ol o9 ALl oA AN, fAER Aol AL AL I
G & QTIHE AEAA §HE SATAAN ATA) 25 DA SAE B A ABslelot s A 4
o AANE A Suusel |95k AAEAY 04E BY F 9= BHon FAYAe o Wy
& Bl AAER LuAF STk Ea ALD Whol AFA el vla) oA HelAel 2794 A%
EAE Ao AR ST, RS Y 5 b PUYs PHeE S

FRBO: SYE, AARA, BY ANA, CREP &, dl4g 244, FAR4

Abstract For the conventional two-dimensional source location of acoustic emission (AE) based on the threshold
crossing, wave velocity has to be measured in the actual structure to calculate the arrival-time difference and thus to
form the two hyperbolae. Velocity is dependent on the fiber orientation, however, due to the dependence of elastic
modulus on fiber orientation in anisotropic materials such as composite plates. This can affect the accuracy of AE
source location and make the source location procedure complicated. In this study, we propose a method to reduce the
location error in anisotropic plates by using the numerical solution of nonlinear equations, where the velocity term has
been removed by employing the fourth sensor. The efficiency and validity of th e proposed method has also been
experimentally verified.
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Fig. 1 Waveforms depicting the erroneous measurement

of arrival time difference for plate(Lamb) wave at
(a) sensor 1 and (b) sensor 2 in a CFRP plate
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Fig. 2 Coordinate system employed for AE source
location
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Fig. 3 A schematic diagram of experimental setup

3.2. MM ofzio|e} urgie] THE

Vsl Az 842 A2l W0mme] Mmg-% o
04\:]- X]%Z—IO] M(}-J‘/\-]?Sﬂ/\—]oﬂ 6] =
2 309 ANE ool olglole
Zoll o3 wAsE=
£ WA A8 ® el ANE e Ho.

e g
2% AAH5e

52
H

-
B3I g3

H

o T b ¥

=9
r_>.: :lm

|
T ARZIAE e AME AMSETh AAe HEs
Table 13} 2t}

BALL 0olA 4717 549l AxE oz At
itk Beo| o] A8 9= Table 29+ 2k,

Table 1 The nominal coordinates of AE sensors
Coordinate . y)
Sensor No. ’
1 ©, 0
2 (300, 0)
3 (300, 300)
4 (0, 300}

Table 2 The exact coordinates of AE sources

Coordinate x )
Source No.
0 (150, 150)
i (200, 200)
2 (60, 180)
3 (150, 75)
4 (100, 100)
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Fig. 4 Experimentally measured wave velocity with
different angle to fiber direction
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Table 3 Comparison of errors in hyperbola method
and nonlinear method

Source Error (mm) Error (mm)
No. Hyperbola Method | Nonfinear Method
0 34 0.0
1 30 25
2 219 95
3 5.3 6.1
4 1.9 85

mean . 74 53
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Fig. 6 Results of source location based on the
threshold crossing method by using nonlinear
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Fig. 7 Results of source location based on the threshold
crossing method by using nonlinear analysis for
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Table 4 Comparison of errors in CFRP plates

Source Error (mm) Error (mm)
" Vih=0.05V Vth=02V
" | ooops | o2 | ooss | o
0 70 | 439 0.1 00
1 447 20.4 32 26
2 605 1149 269 17.9
3 35.1 759 234 49
4 415 7 42 142

mean 457 579 | 118 1.9
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