378 10 HL T 5 AR 2 4R Vol.37 No. 10
2023 410 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION <41 -

DOI; 10. 13382/j. jemi. B2306698

BEFARL AR BERN SIS LEFR

FToA &k k' T Ok rES HNE
(1. FHZAEMRFR T TS T84 710065;2. THL 4TI ES AR EAR  TE4  710075)

& E SR AR R I BRI, 25T COMSOL 7 454 3R I S SUBR BRI A 1 T 306 S BRPa AR AR . S X
OGRS LEA AL Y BRI S5 5 55 AR LA 22 IR 48 10 TR 5 2 T S8 =S5 2003k, FIRDLE
AR R GEXT 5 mm EARAR R 3 A ZEAE VTR SR FI 55 2002442 R0 45 M8 Lh I 14 5 S5 R Rt PR vl 1 63403 Il i 4
LA DX 358 P9 25 44 A A 5 W e 1 B ) = A de IR IR IR LIt AH & = {5 5 22 40 A B I KO (3 B 5 ) B M P A5 5 AT
AR BROLT TR BE AT L S5, R (R) SR | mm LN A2 B A W B A AR 5 O AT AR
TG A AT R EURS: D AR AR 3R T B A HLRE A = 4 R A B RN SR TR 22 UK 38 AR AR = s A5 5 22 43 Ak 3 U7 vk e HE 1 R AE
0.5 mm DA EBYBRIE , 3078 Tl ToA R il A 3P Al v i B 1 AN

KR BOGEA  FTRARATI ; 2R T RS AR

FESES . TN274; TH744 XREFRIRAG . A E RAREF R 5> 2480 140. 3538

Research on laser ultrasonic testing and signal processing of
surface cracks in aluminum plate

Luo Zhaoli' Zhu Bing' Wang Bo' Xu Zhiwei' Liu Xiaojun®

(1. School of Electronic Engineering, Xi’an Shiyou University, Xi’an 710065, China;
2. Xi'an Jinbo Testing Instruments Co. , Ltd. , Xi’an 710075, China)

Abstract: To achieve the detection of surface crack defects on aluminum plates, a surface crack defect model is established based on
COMSOL and the interaction between laser ultrasound and defects is analyzed. To deal with the problem of weak reflection signals and
poor signal-to-noise ratio in the propagation of laser ultrasound inside materials, a signal multiple averaging combined with adjacent
three-point difference processing method. Three cracks on the surface of 5 mm thick aluminum plate were detected using a laser
ultrasonic visualization inspection system. Using multiple signals averaging can increase the signal to noise ratio (SNR) and enhance the
damage echo in the maximum amplitude map. Extracting the peak and peak values of the signals at each scanning point in the target area
reconstructs the three-dimensional maximum amplitude map. The ultrasonic signals in the horizontal and vertical directions are processed
using an adjacent three-point difference processing method, providing better defect visibility. The results show that there is a significant
interaction between surface waves (R) and surface defects within a depth of 1 mm. The laser ultrasonic visualization inspection
technology can quickly detect cracks and defects on the surface of aluminum plates, and can display the position and size of surface
cracks in three dimensions. The multiple averaging and adjacent three-point difference processing method used can accurately
characterize defects above 0.5 mm, which will have extremely broad application value in industrial non-destructive testing and
evaluation.
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Table 1 Mechanical parameters of materials
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Fig. 1 Laser ultrasonic velocity distribution in aluminum plate
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Fig.2 Laser ultrasonic testing related images
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Fig.3 Continuous laser and damage location in aluminum plate
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Fig.5 Waveform processing process of adjacent three point signals
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Fig. 6  Schematic diagram of laser ultrasonic visualization
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Fig. 11 Reflected signals at surface cracks
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Fig. 12 2D Ultrasonic field image
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Fig. 13 Image after difference of adjacent three point signals
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