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Numerical study on coated metal surface crack by laser ultrasonic detection

XU Zhixiang, HUANG Jianhua, WANG Zhenggong , HUANG Yimin, WANG Yu
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In order to study the application of ultrasonic wave induced by line-source pulse laser on surface crack detection
of the coated metal plate, finite element simulation method was used to establish the model of metal plate with cracks with and
without nickel coating. Rayleigh wave excited by laser and the propagation process of Rayleigh wave were simulated. Through
theoretical analysis of waveform at the receiving point, the relationship of coating thickness, crack depth and Rayleigh wave time-
frequency domain signal was obtained. The numerical results show that Rayleigh wave velocity varies with the thickness of coating
thickness h. When there are cracks on the surface, the arriving time difference At between reflection Rayleigh wave and shear
Rayleigh wave of the model without coating has linear relationship with crack depth h_ . At¢ of the model with coating has linear

relationship with crack depth h, at different segmentations. The numerical results provide reference for actual measurement of the

surface crack depth of metal sheets with coating.
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Fig. 1 Model diagram
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Fig.2 Schematic diagram of finite element grid division
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Fig.3 Full-field displacement diagram with Opm thickness coating model at
different moments
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Fig.4 Full-field displacement diagram with 100 um thickness coating model
at different moments
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Fig.5 The influence of different coating thickness models on time domain

signals of the receiving point A
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Fig. 6  The results of short-time Fourier transform of time domain signal of

different coating thickness models at the receiving point A
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Fig.7 Relationship between Rayleigh wave velocity and coating thickness h
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Table 1 Arrival time of Rayleigh wave at different receiving points and coating thickness h
coating
thickness A/pm 50 100 150 200 250 300 350 400 450 500 550
D/ s 0.652 0.716 0.776  0.800 0.796 0.788  0.776  0.772 0.752 0.746 0.736  0.728
C/ s 1.344 1.444 1.588 1.636 1.636 1.620 1.608 1.588 1.572 1.548 1.532 1.524
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Fig. 9 Rayleigh wave frequency domain signal of uncoated Opm crack and

300wm crack
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Fig. 10  Relationship between At and h, at different coating thickness
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