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Influence analysis of key parameters in laser scanning
thermography nondestructive testing

Yang Zhengwei, Xie Xingyu, Li Yin, Zhang Wei, Tian Gan
(Rocket Force University of Engineering, Xi'an 710025, China)

Abstract: A new Infrared Thermal Wave Nondestructive Testing technology—Iaser scanning
thermography nondestructive testing technology was investigated in this work. A finite element simulation
model was built based on the deeply analysis of detection mechanism, and the temperature difference
between defect and non—defect was selected to analyze the influence rules of the key parameters such as
sample material, defect size, defect depth, laser scanning speed and laser scanning power on laser
scanning thermography nondestructive testing technology, which provided a reference for the further
development and application of the new technology. The relationship between the parameters and the
maximum surface temperature difference were numerically investigated. On this basis, the control strategy
of detection parameter in the laser scanning thermography nondestructive testing technology was put
forward, which can facilitate to set the detection parameters quickly and accurately for the corresponding
defect characteristics of sample in actual detection process, and to improve the detection ability.
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Tab.1 Material parameter table

Material p/kg-m™ C/J-kg™-K' K/W-m™-K"' a/m?-s™"
Structural steel 4 620 522 21.9 9.08x10™°
Titanium alloy 7850 434 49.8 1.46x107°

Aluminum alloy 2270 875 144 7.20x107
Copper alloy 8 300 385 401 1.25x10~
16k A —— Titanium alloy
34 “ — = Structura steel
I ‘\ == Aluminium allo
32F \" -~ Copper alloy
e | ha=9.08x 10
& i

P 8 A [l 4k 2 i ik P4

Fig.8 T—t curves of different materials
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Tab.2 Conversion relation between different

material defects and standard defects

Thermal diffusion Surface maximum

. coefficient temperature difference
Material — - — -
Original Conversion  Original Conversion
value value (x) value value (y)
Structural steel 1.46x107° 1 5.22 1
Titanium alloy 9.08x10™°  0.621 9 9.09 1.741 4
Aluminum alloy 7-206x107 4 931 5 2.61 0.5
Copper alloy  1.25x10™*  8.561 6 0.98 0.187 7
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Fig.10 y—x fitting curve for different materials
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Fig.11 T—t curves for different defect diameters
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Fig.12 AT-t curves for different defect diameters
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Tab.3 Conversion relation between different

defect diameters and standard defect

. Surface maximum temperature
Defect diameters

difference
Original value Conversion Original value Conversion
£ value (x) J value (y)
20 1 5.224, 1
10 0.5 3.899 0.746 4
15 0.75 4.522 0.865 6
30 1.5 6.635 1.270 1
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Fig.13 y—x fitting curve for different defect diameters
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Tab.4 Conversion relation between different

defect depths and standard defect

. Surface maximum temperature
Defect diameters

difference
Original value C\(I);Yleers(iz;l Original value Cvoaril\izrs(i;)n
1 1 5.224 1
0.5 0.5 11.476 2.196 8
2 2 2.281 0.436 6
3 3 1.105 0.211 5
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Fig.16 y-x fitting curve for different defect depths
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Fig.17 T—t curves for different laser scanning speeds
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Tab.5 Conversion relation between different
laser scanning speeds and standard

defect

. Surface maximum temperature
Laser scanning power .
difference

Original value C\(:Zl\lll (:er(sl(;n Original value Converiizn value
4 1 5.224 1
8 2 3.556 0.680 7
16 4 2.113 0.404 8
32 8 1.123 0.2150
48 12 0.762 0.1459
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Fig.19 y—x fitting curve for different laser scanning speeds
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Fig.20 T—t curves for different laser scanning powers
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Tab.6 Conversion relation between different
laser scanning powers and standard

defect

. Surface maximum temperature
Laser scanning power

difference
Original value Cor\l]x;leljiion Original value Conversion value
200 1 5.224 1
100 0.5 2.612 0.5
400 2 10.446 2
600 3 15.668 3
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Fig.22 y—x fitting curve for different laser scanning powers
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