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Research on metal crack extension based on infrared thermal imaging

XTAO Han-bin, QIN Jia-le,ZHU Feng, LUO Yang-yi,PEI Xue-dong, LIU Min
(School of Transportation and Logistics Engineering, Wuhan University of Technology , Wuhan 430070, China)

Abstract; Fatigue cracking is one of the most common failure forms of metal structural parts in engineering practice,
and the expansion of cracks leads to the dissipation of most of the plastic work in the form of heat. Therefore,an infra-
red thermal imaging-based temperature monitoring of metal structures is one of the effective methods for assessing
crack expansion. In this paper,the thermal coupling equation of the material during the crack growth is analyzed,and
the direct thermal mechanical coupling simulation is carried out using ABAQUS software to reveal the effects of plastic
work conversion coefficient and tensile speed on the surface temperature evolution of Q235 specimen with cracks under
uniaxial tensile load. Finally,based on thermal imaging camera measurements, the correctness of this law is verified
by obtaining a good agreement with the numerical simulation. The results show that the surface temperature of the
specimen goes through a smooth phase and a steady increase during the tensile process. In the process of crack
growth , the highest surface temperature of the specimen is located in front of the crack tip. At the same time, the high-
er the tensile speed,the shorter the fracture time of the specimen,the smaller the heat loss during crack extension and
the higher the temperature rise on the surface of the specimen. The results are instructive for crack monitoring and
early warning of metal structures.
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Tab. 1 Room temperature properties of 235 materials

Density/ (kg + m =) 7860
Poisson's ratio 0.3
Modulus of elasticity/Gpa 212
Specific heat capacity/(J + kg 'K 1) 502
Coefficient of thermal expansion/K ™! 12.2x10°°
Thermal conductivity/ (W - m'K™!) 46
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Fig. 2 Temperature evolution cloud diagram
Bl 3 DI SR AU il R 1) S5 RO A N A 2
P o A YA R OT (R S TR SR P A 2 i 0 e A
B Al ARHE RS0 i A v iy S A A MLt
TRl SFROBPERIEER T RBUT IR AT IR
SOTUGY REJa —FPRI ARG BT , HAEOR , 3
IR R G

PEEQ PEEQ PEEQ PEEQ
0 13 3 09 2 30 2 30

K3 AR N K

Fig. 3 Equivalent plastic strain cloud diagram
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Fig. 5 Pictures of test equipment
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Fig. 7 Numerical simulation and testing of temperature rise curves
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