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Evaluation of Surface-Breaking Crack Based on
Laser—-Generated Ultrasonics and Wavelet Transform
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Absiract  Laser-generated ultrasonic technique which is one of the reliable nondestructive evaluation
techniques has been applied to evaluate the integrity of structures by analyzing the characteristics of signal
obtained from surface crack. Therefore, the signal analysis of the laser-generated ultrasonics is absolutely
necessary for the accurate and quantitative estimation of the surface defects. In this study, one-sided
measurement by laser—generated ultrasonic has been applied to evaluate the depth of the surface-breaking
crack in the materials. However, since the ultrasonic waveform excited by pulse laser is very difficult to
distinguish the defect signals, it is necessary to consider the signal analyses of the transient waveform.
Wavelet Transform(WT) is a powerful tool for processing transient signals with temporally varying spectra
that helps to resolve high and low frequency transient components effectively. In this paper, the analyses of the
surface-breaking crack of the ultrasonic signal excited by pulse laser are presented by employing the WT analyses.

Keywords: laser-generated ultrasonic technique, one-sided measurement, surface-breaking crack, pulse laser, wavelet
transform ‘
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Table 1 Dimension and operating frequency of the
AE sensors
Type Center Banadwidth Dimension
Frequency

R6 60kHz 30-100kHz & 18mm
R15 150kHz 50-200kHz & 18mm
Micro-30 25/225kHz | 100-600kHzZ @ 5mm
WD 650kHz 100-1000kHz 2 18mm

Table 2 The specification of the test specimen

Specimen AH R ZEZHSM 400)

Width 150X X X X 150mm

Thickness 50mm

Crack width 0.3mm

Crack depth 5mm 10mm | 20mm | 30mm

Surface-breaking crack

150mm
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Fig. 14 The eror value variation following to the
crack depth by echo waveform and
wavelet transform
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Table 3 The summary of error value and arrival
time different form each crack depth by
each waveform

arrival time
distance S(mm) error(mm)
Adppl £ese0)
upper crack
-
¢S5 mm 80.66 14.01 252
¢10mm 82.61 14.20 1.75
¢c20mm 89.91 14.86 1.61
c30mm 100.74 16.48 2.86
lower crack
¢S5 mm 121.35 20.04 229
c10mm 114.03 19.97 447
c20mm 100.74 19.54 457
—
Lc30mm 89.91
Table 4 The summary of emor value and arrival

time different form each crack depth by
wavelet transform

r arrival time
distance S(mm) ol 12560) error(mm)

upper crack

€5 mm 80.66 139 1.92

¢10mm 82.61 14.1 1.13

¢20mm 89.91 154 1.58

¢30mm 100.74 16.6 2.11
lower crack

¢S5 mm 121.35 2125 2.11

¢10mm 114.03 19.45 1.55

c20mm 100.74 174 261

¢30mm 89.91 155 217
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