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Reconstruction of Surface Cracks with Laser Spot Thermography Signals
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Abstract: Laser spot thermography(LST) is a novel remote nondestructive testing technology. It can
efficiently detect surface cracks. In this paper, a fast simulation method based on frequency domain
summation and database strategy is developed to simulate the heat flow generated by the laser spot source
and to investigate the relationship between crack size and temperature distribution. First, the feasibility of
the new method is validated through comparison with a conventional method for both the time and the
spatial domains. Second, suitable characteristic parameters are introduced, and a reconstruction algorithm
based on a deterministic inversion method is developed. Finally, an infrared thermography testing system
is established, and LST signals of surface cracks in a plate specimen are measured. The feasibility of the
inversion method is validated by the accurate reconstruction result of crack size.
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Table 1  Parameters of model and mesh
Parameter Value
Model size 20 mm x40 mm <10 mm
Crack size 0.2mmX8mmX1mm
Mesh size 0.2mmXx0.2mm>0.1mm
Element number 300000
Node number 320271
*2 BMMESH
Table 2 Material parameter of numerical model
Region Crack Model
Material Air Aluminum
Density/(kg-m ) 1.205 2769
Specific heat/(J-kg-K™) 1005 782.3
Thermal conductivity
0.025 249.5
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Fig.2 Comparison of calculation results

Table 3 Comparison of time consuming

Time domain Frequency domain
Method ) ) o ] Database approach
integration(100 steps) summation(interpolation)
Time/s 2420 234 119
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Table 4 Reconstruction results for simulated signals

Actual value
Length Length Depth Depth
(lengthxdepth)

result/mm error result/mm error

/mm
2x1 21 5.0% 10 0%
2x1.5 2.1 5.0% 1.6 6.3%
4x1 4.2 5.0% 11 10%
4x1.5 4.2 5.0% 1.6 6.3%
6x1 6.3 5.0% 11 10%
6x1.5 6.2 3.3% 1.4 -6.3%
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Fig.5 Figure of test-piece with crack
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