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Numerical Simulation of Internal Defects in Laser Ultrasonic Testing Materials

CHEN Chao, ZHANG Xingyuan, SONG Dacheng, WANG Xiaowei
(School of Air Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] In order to explore the role of ultrasonic signals generated by laser shock in detecting defective materials, with the help
of finite element analysis, this article uses COMSOL software to establish a finite element model of laser ultrasonic non—destructive
testing of internal defects in materials, and simulates the laser excitation in materials And the propagation process of the longitudinal
wave along the inside of the material obtained the sound field distribution inside the aluminum plate under the action of the laser. The
interaction between laser ultrasound and crack defects and pores in the aluminum plate was simulated. The simulation results prove
that laser ultrasound can generate ultrasound inside the aluminum plate. Through the analysis of the reflected wave signal and its
time, the depth position of the defect in the material can be determined, and crack detection with a width of more than 0.4mm can
be achieved, and there is a positive correlation between the signal peak and the crack width. It provides a reliable theoretical basis for

detecting defects in materials in practice.
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Fig. 1 Pulsed laser acts on the surface of non—defective material
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Tab. 1 Mechanical parameters of aluminum materials
PR R/ (kg/m®) B[R/ Pa HEL/N
f 2700 70e9 0.33
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Fig. 2 Ultrasonic field distribution at different moments in a

defect—free state
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Fig. 3 Pressure—time curve at two different points
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Fig. 4  Ultrasonic field distribution at different times in the

defective state
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Fig. 5 Ultrasonic signals at different depths of defects
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Tab. 2 Calculation of different defect depth

R/ mm T/ s 2S5/ mm 28/ mm  AXFRZE/ %
15 4.42x107° 27.67 29.4 6
16 4.38x107° 27.42 27.4 3
17 4.0x10°° 25.04 25.4 1.4
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Fig. 6 Ultrasonic signals with different width defects
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Fig. 7 Relationship between crack width and signal peak
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