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Numerical simulation of defects depth quantitative measurement
in pulsed infrared nondestructive testing
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(1. Beijing Key Laboratory for Terahertz Spectroscopy and Imaging, Key Laboratory of Terahertz Optoelectronics,
Ministry of Education, Department of Physics, Capital Normal University, Beijing 100048, China;
2. Institute of Physics and Electronic Engineering, Chongging Normal University, Chongging 400047, China)

Abstract: Quantitative me asurement of defect depth is an important application of pulsed infrared
nondestructive testing. The calculation principle of peak second derivative of the temperature decay curve
in the log scale was analyzed based on one -dimensional heat conduction model. The stainless steel
sample which has six flat bottom holes with same diameters and various depths at the back surface was
used. Ansys was used to simulate the process of pulsed infrared nondestructive testing. The depth of
defects were calculated by method PSDT. The results of Ansys and pulsed infrared nondestructive testing
were compared and analyzed, which indicate that the Ansys model in accordance with the experiment.
This research provides theoretical basis for the quantitative study of infrared nondestructive testing.
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Fig.1 Experimental setup of pulsed infrared nondestructive testing
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Fig.2 Material object and simulation drawing of stainless steel

with flat bottom holes
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Tab.1l Thermal parameters of materials

plkg-m-2 Cll-(kg:-K)* K/W-(m-K)*?
Stainless steel 7962 456 17
Air 1 1004 0.0251
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Fig.3 Simulation thermography and experimental thermography
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Fig.4 Simulation and experimental T-t curves
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Tab.2 Simulation results and relative errors

Holes Peak time/s Depth/mm 3:2::7:;?: R;If(:ir\sle
A 0.062 1 0.911 8.9%
B 0.242 2 1.886 5.7%
C 0.502 3 2.716 9.47%
D 1.062 4 3.950 1.25%
E 1.541 5 4.759 4.82%
F 2.122 6 5.584 6.93%
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Tab.3 Experimental results and relative errors

Holes Peak time/s Depth/mm EZE;LTE:?I R:rlfct]ir\sle
A 0.083 1 1.106 10.64%
B 0.367 2 2.322 16.12%
C 0.617 3 3.011 0.37%
D 1.018 4 3.868 3.30%
E 1.452 5 4.619 7.62%
F 1.935 6 5.332 11.13%
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