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Numerical study on coated metal surface crack wy laser ultrasonic detection

XU Zhixiang, HUANG Jianhua, WANG Zhengso.,, AUANG Yimin, WANG Yu
(School of Mechanical Engineering, Dalian Univers'ty c. Te-hnology, Dalian 116024, China)

Abstract: In order to study the application of ultrasonic wav< 11duced by line-source pulse laser on surface crack detection
of the coated metal plate, finite element simulation methed w5 u-ed to establish the model of metal plate with cracks with and
without nickel coating. Rayleigh wave excited by laser ond the propagation process of Rayleigh wave were simulated. Through
theoretical analysis of waveform at the receiving point, the <iationship of coating thickness, crack depth and Rayleigh wave time-
frequency domain signal was obtained. The num=rical results show that Rayleigh wave velocity varies with the thickness of coating
thickness h. When there are cracks on the su-face, the arriving time difference At between reflection Rayleigh wave and shear
Rayleigh wave of the model without coating has linear relationship with crack depth A . At¢ of the model with coating has linear

relationship with crack depth h, at di.*ereuat segmentations. The numerical results provide reference for actual measurement of the
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surface crack depth of metal shects w.th coating.

Key words: measuremeri cul wetrology; laser ultrasonic; Rayleigh wave; rack detection; nickel coating

51

[l

T REUR AT PRI TR N 1)
HfF RO R B B R, O B
Je g xRl DR G G g R e | o At R 9 E 67
H T SR 2 TSI A — D i TR
TCAAGIN A CANRERASE I | FL 308 A ) A3 T
BRI, T OGP A AR LU 23 73 B i 5

T

7 8 T JCARAIR AR S D0, AR GBS I e A 2]

SR NI = - Ny R N A ) R E
(DUT15ZD110)

YEE A AREFE (1965-) , 5, #4%, M EZE RIS
BRI ST

E-mail ; zxxu@ dlut. edu. cn

Wik H 399 :2017-12-25 ; i BB i H 191 :2018-01-23

PHZMBLHT S T BRI BOGRE E AE AR R
AR R 2SR AL, 3+ LA, [ N AMR 227
BT T RIS, e 0l A RO E O 1 3 A1)
RS I 2 T S0 R AL, O IO T E R A9 WF 5
SRR TR R, Oy T AR A R A 1 2 Y
R 18 LAt PR 1R S B 8 2 7R AR 1 3 1 B L AN [
FORE BRI TR 2 | 1 S8 TR J2 B A7 A 875 B 1 02 119 7
FENLB S AR O R 2% . BARA 2B WEIE T IRZ/ 2
IR ARG B R ER A R A5
WOCH K 3 P51 TR 2 B R R IR B AR T
IR

VR R FRAEASEAU 14 0532 , 308 o 0o 0075 38 )
TR AN S5 5 A o e L 2 e g ) L I 4,
BIBEFE T AERRERIE T BOUR 2 I8 B RGO BE 5 Fi A1)
I A 5 1 5 2R, D 3 o i A1) 90 1) P SR A o



802 ok

A 2018 4 11 A

RSN TRERME T 2%
1 BEEARITESE

L1 BRERAREE

T AR H 0 B dl BB L OO, R K b
JeiVE SF RS IR IE A i T hkeh oL R
PEE R A BRI R RERE O (r,2,0) RN
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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 50 100 150 200 250 300 350 400 450 500 550
thickness h/pm
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

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