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Numerical study of depth gauging of surface defects
using laser-generated surface acoustic waves
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(1. Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China;
2. Part Rolling Key Laboratory of Zhejiang Province , Ningbo University , Ningbo 315211, China)

Abstract: In order to realize quantitative detection of the surface-breaking defects by laser ultrasonic technology, the
mechanism of the surface acoustic wave and the surface-breaking defects are studied. In this paper, the finite element
method is used to study the interaction between the front and rear edge of the surface defects and surface acoustic
wave ,respectively. Then the influence of the existence of defect width on the front of the defect and the surface acous-
tic wave is discussed. Finally,the characteristic quantity (oscillation signal) which can quantitatively characterize the
surface defect is given by analyzing the rectangular defect interaction with surface acoustic wave. The simulation re-
sults show that the oscillation signals (feature points W and E) after RS wave (feature point Q) originate from the os-
cillations of the transmitted Rayleigh wave at the rear edge of the defect. The arrival time of feature point Q showed a
trend of slight increase linearly with the increase of defect depth or width ;the arrival time difference of feature points
W and E increase linearly with the increase of defect depth,which is independent of the defect width. The depth of the
surface defect is quantitatively calculated according to the arrival time of the feature points. The research results will
provide a theoretical basis for detecting surface defects.
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Fig. 1 Schematic diagram of the numerical model
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Tab. 1 The required parameters of aluminum used in the calculation
Absorptivit Density/ Specific heat/ Thel::l:ifi(:i)::?/dive Young modulus/ Poission ratio Thermal expansion coefficient/
P (kg e m ) | (kg KT (Wem-! K1) GPa > (105 - K1)
0. 052 2700 900 238 70 0.34 2.3
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Fig. 2 Time and frequency domain waveforms of the
laser-generated surface acoustic waves
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Fig. 3 Schematic diagram of laser-generated surface

acoustic waves interaction with surface defects
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Fig. 7 Mechanism of the generation of RS wave in model 2
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Tab. 2 The numerical and theoretical results of the

arrival time of the feature points K and L

Arrival time Ty/ps Arrival time T /ps
Depth/mm | Numerical | Theoretical | Numerical | Theoretical
result result result result
0.4 3. 605 3.586 3. 880 3.862
0.5 3. 665 3.655 4. 005 4.000
0.6 3.725 3.724 4.135 4.138
0.7 3.785 3.793 4. 265 4.276
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Fig. 13 Mechanism of the generation of RS wave in model 4
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Tab. 3 The numerical and theoretical results

of arrival timeT, and time difference 67T,

Ty Ty

Depth’
/mm Depth’ relative Depth’ relative
/mm error /% /mm error/ %
0.4 0. 4468 11.709 0. 4858 21.428
0.45 0. 4758 5.730 0. 5365 19.222
0.5 0. 5047 0. 946 0.5873 17. 450
0.55 0. 5337 2.968 0. 6308 14. 681
0.6 0.5723 4.616 0. 6743 12.375
0. 65 0.6109 6.015 0.7178 10. 431
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