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Abstract  This paper develops a depth measurement theory related to defect width for the quantitative laser
ultrasonic detection of surface defect depth. A depth measurement formula with a width correction item is
established, and a concept of defect size ratio is defined. Defects are divided into three types, namely narrow
defects, extremely narrow defects, and wide defects. The applicability of the defect depth measurement method in
measuring the three types of defects is discussed, and finite element simulation is adopted for verification. Finally,
an experimental platform for laser ultrasonic detection is built to conduct depth detection of aluminum alloy samples
with surface defects. The results show that quantitative detection of narrow defect depth can be achieved by
introducing the width correction item. The average measurement error is less than 5%, which means that accurate
measurement of the defect depth has been achieved.
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Fig. 3 Simulation waveforms of narrow defect
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Table 1 Simulation data of narrow defects
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Table 2 Simulation data of extremely narrow defects
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Table 3 Simulation data of wide defects

Defect size /(mm X mm) 0.1X0.2 0.1X0. 25 0.2X0. 25 0.2X0.3 0.2X0.5
Lrr/ 1S 4.71 4.71 4.71 4.71 4.71
Irs/ps 4. 92 4.95 5.01 5. 06 5. 19
At /ps 0.21 0. 24 0. 30 0. 35 0. 48
Measuring depth /mm 0. 0058 —0. 0362 0.0798 0. 0764 —0.0724
Error 6 /mm —0.0942 —0.1362 —0.1202 —0.1236 —0.2724
Error rate /% 94. 16 136. 19 60. 12 61. 80 136. 19
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Fig. 6 Experimental platform of laser ultrasound and sample
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Fig. 7 Experimental detection waveforms
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Table 4 Experimental data of surface defects

d /mm 0.1 0.2 0.3 0.4 0.5
R/ s 20. 52 20. 52 20. 52 20. 52 20. 52
Irs/ps 20.73 20. 82 20. 88 20. 94 21
At /ps 0.21 0.3 0. 36 0. 42 0.48
Measuring depth /mm 0. 0058 0.1798 0. 2957 0.4117 0. 5276
Error § /mm —0. 0942 —0. 0202 —0. 0043 0.0117 0.0276
Error rate /% 94. 16 10. 12 1.43 2.92 5.53
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Table 5 Cooper’s experimental data analysis

d /mm 0.1 0.15 0.2 0. 25 0.5 0.75 1
Irr/ 1S 4.71 4.71 4.71 4. 71 4.71 4. 71 4.71
trs/ps 4. 86 4. 88 4.9 4.93 5.08 5. 23 5. 32
At /ps 0.15 0.17 0.19 0. 22 0. 37 0.52 0. 61
Measuring depth 1 /mm 0. 2899 0. 3285 0.3672 0. 4252 0. 7150 1. 0049 1. 1789
Error 1 /mm 0. 1899 0. 1785 0.1672 0.1752 0. 2150 0. 2549 0. 1789
Error rate 1 /% 189. 88 119. 02 83.59 70. 07 43.01 33.99 17. 89
Measuring depth 2 /mm 0. 0899 0. 1285 0.1672 0. 2252 0. 5150 0. 8049 0. 9789
Error 2 /mm —0. 0101 —0.0215 —0.0328 —0. 0248 0. 0150 0. 0549 —0. 0211
Error rate 2 /% 10. 12 14. 31 16. 41 9.93 3.01 7.32 2.11
WA 5 TR 22 2w ST L ) P ——— ”
WAVRIE IR K K22 K B T 189, 886 ik E Ll o edeRRE
AN 17, 89 Y6 W ROR 2 . 1] T2 210 50 ' s
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Fig. 8 Depth measurement results of narrow defects
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Table 6 Data analysis for Jeong’s experiment

d /mm 0.3 1 2 3 4 5
Lrr/ 1S 4.71 4. 71 4.71 4.71 4.71 4.71
trs/ps 4. 96 5. 32 5. 84 6. 32 6. 87 7.45
At /ps 0.25 0.61 1. 13 1. 61 2.16 2.74
Measuring depth 1 /mm 0. 4831 1. 1789 2. 1838 3.1114 4. 1743 5. 2952
Error 1 /mm 0.1831 0.1789 0. 1838 0.1114 0.1743 0. 2952
Error rate 1 /% 61.05 17. 89 9.19 3.71 4. 36 5.90
Measuring depth 2 /mm 0. 2831 0. 9789 1. 9838 2.9114 3.9743 5. 0952
Error 2 /mm —0.0169 —0.0211 —0.0162 —0. 0886 —0. 0257 0. 0952
Error rate 2 /% 5.62 2.11 0. 81 2.95 0. 64 1. 90
22 6 ST 2 LECHR IR T I T D 3t e ;
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Fig. 9 Depth measurement results of narrow defect and

extremely narrow defect
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