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Numerical simulation on width gauging of subsurface defects

using surface waves at high temperature
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(1. Faculty of Mechanical Engineering & Mechanics,, Ningbo University , Ningbo 315211, China;
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Abstract ; In order to realize the quantitative detection of subsurface defect width by laser ultrasound technology at dif-
ferent temperatures , the finite element method is employed to simulate the interaction of subsurface defect with laser-
generated surface waves in the paper,and then a method to calculate the width of the subsurface defect using surface
waves is presented. First,surface waves are first generated on one side of the subsurface defect and then on the other
side. Finally,incident and reflected surface waves from subsurface defect are detected on both sides of the defect in
the two detections, respectively. When the subsurface defect is within a wavelength range of the surface wave , the sub-
surface defect width can be calculated based on the arrival time of incident and reflected surface waves. The numeri-
cal results are in good agreement with the theoretical results, which provides a very effective numerical method for
quantitatively calculating the subsurface defect width using laser ultrasound technology at high temperature.
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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

o Density Specific heat Thermal conductive Young modulus L. .| Thermal expansion coefficient
Absorptivity 3 n o . . i Poission ratio s o
/(kg-m™) | /(J-kg™ «K") |Coefficient/(W - m™" - K~") /GPa /(1072 <« K7)
0. 052 2700 900 238 70 0.34 2.3
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Fig. 3 Displacement signals of surface acoustic wave
interaction with subsurface defect
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Fig. 4 Displacement fields of surface acoustic wave

interaction with subsurface defect at time
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Fig. 5 Method for calculating subsurface defect width
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Fig. 6 Time and frequency domain waveforms

of the laser-generated surface acoustic waves
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Fig. 7 Displacement signals at different burial depths
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Tab. 2 Numerical and theoretical results of the

arrival time of RR wave at difficult A,

arrival timeT’y g/ s
Depth/mm
numerical result theoretical result
0.25 3. 105 3.103
0. 50 3.105 3.103
0.75 3.110 3.103
1 3.130 3.103
1.25 3.170 3.103
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Fig. 8 Model of the interaction between the front edge of the subsurface

and the surface acoustic wave
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N TRt R B BE AT ORI Ay X RR )
IR IA) B 52 W, B Ry BN 0.4 mmo 2% 3 0 £
1.4 mm, ¥+ 0.2 mm, 33 7[H,RR 3|5



408

5 RS AN

w49 %

] BB 25 R 5 e 45 AW & BB T i g

HIVT R AL X RR 8 2 I8 B[R] LA TCHZ 0]

%3 A h, B RR B kb A By S E A6 45 R
Tab.3 Numerical and theoretical results

of the arrival time of RR wave at difficult h,

arrival timeT /ps
Depth/mm
numerical result theoretical result
0.4 3.110 3.103
0.6 3.110 3.103
0.8 3.115 3.103
1 3.110 3.103
1.2 3.110 3.103
1.4 3.115 3.103
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Tab. 4 Relative errors of the numerical and theoretical results of the subsurface defect width

T=300 K T=500 K T=700 K
width/mm
width” /mm relative error/ % width’/mm relative error/ % width’/mm relative error/ %
0.5 0.483 -3.40 0.478 -4.40 0.472 -5.60
0.6 0. 598 -0.33 0. 584 -2.67 0.584 -2.67
0.7 0. 698 -0.29 0. 692 -1.14 0. 690 -1.43
0.8 0. 805 0.63 0.798 -0.25 0.790 -1.25
0.9 0.912 1.33 0. 905 0.56 0. 897 -0.33
1 1.012 1.20 1.019 1.90 1. 009 0.90
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