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Abstract Due to the limitation of traditional methods for the depth detection of material surface defects, a laser
pulsed thermography technique in transmission mode is proposed in this paper. A laser source is selected as the
excitation source to heat the defect surface of the measured material. The excitation point is selected directly below
the surface defect. The laser power is selected as 50 W, and the heating time is selected as 1 s. During the heating
process, the temperature field on the back of the material produces temperature difference due to the influence of
heat flow in the conduction process of surface defects. Infrared thermal imaging camera records the temperature
field changes on the back of the material, and point A without defect is used as a reference point, and point B at a
defect is used as an experimental point. By analyzing the temperature changes at points A and B, the depth of
surface defect is extracted. Experimental verification shows that this method can detect the depth of defects on the
material surface under certain conditions. When the temperature of point A is constant, the best fitting relationship
between the temperature of point B and the depth of the defect becomes an exponential relationship. The
temperature of point B on the back also decreases. The research results lay a foundation for the subsequent accurate
quantification of defect depth.
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Table 1 Change of gray value and temperature of point B

Defect depth /mm Gray value Temperature /K

0.13 124 320. 20
0. 26 119 317.60
0.39 117 316.50
0.52 112 313.70
0. 65 110 312.60
0.78 109 312.00
0.91 108 311. 40
1. 04 108 311. 40
1.17 106 310. 30
1.30 105 309. 65
1.43 103 308. 50
1.56 100 306.70
1. 69 98 305.05
1. 82 98 305.05
1. 95 96 304. 50
2.08 90 300. 85
2.21 89 299. 85
2.34 87 298. 50
2.47 83 295. 83
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Table 2 Parameters of fitting equations

Fitting curve Fitting equation SSE RMSE

Exponential equation Ty=345—26. 28exp(0. 25d 4opu) 19.79 1.112

Linear equation Ty=320.1—8.97d 4epm 23.74 1.18

Quadratic equation Ty =-0.93d yepin 2 — 6. 56 4o, 319 20. 42 1.13
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Table 3 Residuals between fitting equation and measured data
Defect depth /mm 0.13 0.26 0.39 0.52 0.65 0.78 0.91 1.04 1.17  1.30
el 0.22 0.21 0.13 0.20 0.24 0.19 0.14 0.01  0.03 0.02
Defect depth /mm 1.43  1.56  1.69 1.72  1.95 2,08  2.21  2.34  2.47
[l el 0.01  0.04 0.04 0.08 0.09 0.10 0.02 0.0l  0.05
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Fig. 8 Fitting curves between temperature of point B and defect depth. (a)Temperature is 320.15 K;
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Table 4 Parameters of fitting equations

Various parameters of fitting curve when temperature of A is 320.15 K

Fitting curve Fitting equation SSE RMSE
Exponential equation Ty=321.7-3. 81exp(0. 51d gep,) 4.53 0.53
Linear equation Ty =318. 9-3. 88d 4epin 7.94 0.68
Quadratic equation Ty =-0.89d jepun2~1. 56d yop, +317.9 4. 85 0.55
Various parameters of fitting curve when temperature of A is 317.15 K
Fitting curve Fitting equation SSE RMSE
Exponential equation Ty=321. 8-6. 45exp(0. 33d g4ep,) 4.25 0.51
Linear equation Ty =316-3. 29d gepr 5.61 0.57
Quadratic equation Ty =-0.58d gepun2-1. 77d 4op, +315. 3 4,27 0.52
Various parameters of fitting curvewhen temperature of A is 314,15 K
Fitting curve Fitting equation SSE RMSE
Exponential equation Ty=317-4. 33exp(0. 39d gop, ) 3.96 0.49
Linear equation Ty =313.3-2.91d 4o 4,21 0.50
Quadratic equation Ty =-0.26d gepun272. 23d gop, +313 3.98 0. 50
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