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Development of Acoustic Emission Training Technique and Localization

1.

Method using Q-switched Laser and Multiple Sensors/Single
Channel Acquisition

Yunshil Choi*, Jung-Ryul Lee*'

ABSTRACT: Various structural health monitoring (SHM) systems have been suggested for aerospace industry in order
to increase its life-cycle and economic efficiency. In the case of aircraft structure madden with metal, a major concern
was hot spots, such as notches, bolts holes, and where corrosion or stress concentration occurs due to moisture or
salinity. However, with the increasing use of composites in the aerospace industry, further advanced SHM systems
have been being required to be applied to composite structures, which have much complex damage mechanism. In
this paper, a method of acoustic emission localization for composite structures using Q-switched laser and multiple
Amplifier-integrated PZTs have been proposed. The presented technique aims at localization of the AE with an error
in distance of less than 10 mm. Acoustic emission simulation and the localization attempt were conducted in the
composite structure to validate the suggested method. Localization results, which are coordinates of detected regions,
grid plots and color intensity map have been presented together to show reliability of the method.
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Fig. 1. (a) Scanning pattern of G-UPI system (b) Arrangement of
training data
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Fig. 2. Capable area of (a) single channel-single sensor, (b) mul-
tiple channels-multiple sensors and (c) single channel-
multiple sensors [9]
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Fig. 3. Flow chart of the AE localization algorithm with laser training data
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Table 1. Coordinates of event regions in the training area

x [mm] y [mm] Note
R#1 300 100 Between A-PZT 1 & A-PZT 2
R#2 550 150 Between A-PZT 2 & A-PZT 3
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Fig. 5. Grid plot of event regions in the training area

sto] o Fe] Edloldoll 485 ARES: oF 37 46x0|t}.

SCSN 1ff 9]9]9] &= ] Aoj|A] PLB E|AES E3] AEZ 1
AFSHQLTE. PLB H| A Eof] AL 412 £ 0.5 mm, Zo]
3 mm, A]H 2 Eu:m} A Ajole] ZhE = oF 30°2 1ASIY
t}. Table 1 Y Fig. 5= PLB HIAEZS 4=3J3F Qx| 9] &7k
I g9 g 9ox= gr1d plotof] YeERH Q). ZF $1x] o] A

334 F 63]9] AE HAPA o] 3Pl o 63]9] AE
Localizationo] =3 =] ]t}

4.2 AE Localization ZAz}

Table 22 6312] BAMAF | 3§28 Aute} €]
g Azte] 72l 2AS el v, Fig. 62 U3 A
Aol thsl, A PLB W94 ()2} A& W=91A(0)
£ grid ploto]] UERar Qict.

Edloly glojejote] Amnas o BAE $EAA
of AA| 92912 AFo] o] Az oAb 24 2.83 mmo]A] 2]
o 4 mm=, dE AT 53EQ1 10 mmo|f A A=
ZHe A AT o] 7VethS SHalstglch

Fig. 72 R#19} R#20) 4 A8l QA _A o4 2+ 2] 4]

A AFES= NCCQ A7 ldlA|g] Mo g FdsH 4
72 Ureh I Qlek. QlEIA g Wef A Z o) NCCeo] 7hA1A
= SHAIZI7] 918l 3x3 2719 AdE AR F 3t Y

Table 2. Result of PLB induced AE localization (coordinates and
errors in distance)

Attempted | Detected |Errors in dis-
region [mm] | region [mm] | tance [mm]
Trial #1 [300,100] | [300, 104] 4.00
R#1 Trial #2 [300, 100] [302,98] 2.83
Trial #3 | [300,100] | [302,98] 2.83
Trial #1 [550, 150] [548, 148] 2.83
R#2 Trial #2 [550, 150] [550, 146] 4.00
Trial #3 [550, 150] [548, 148] 2.83
0 100 % %0 00 500 00 700 800 %00
100 #
150 @

Fig. 6. Result of PLB induced AE localization (grid plot)
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(b) R#2. [548, 148]
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Fig. 7. Cross-correlation coefficient map for (a) R#1/Trial#1,
detected region of [300, 104] and (b) R#2/Trial#1,
detected region of [548, 148]
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