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Abstract To overcome the shortcomings of infrared thermography, a novel method of metal fatigue damage
assessment based on the characteristics of surface infrared polarized thermal imaging is proposed in this paper.
First, the theoretical basis of polarized thermal imaging for metal fatigue damage assessment is provided. Then, the
change rule of surface micromorphology in the process of fatigue damage is experimentally explained. Next, the
target image is segmented and analyzed using the Tsalis entropy algorithm. Finally, the feature selection is
performed using principal component analysis and a nonlinear prediction model based on back propagation (BP)
neural network is constructed. Experimental results show that during the process of metal fatigue damage, the
results of model training, verification, and test have a good correlation with the actual experimental data, and the
average prediction error of tension and tension fatigue damage for the specific test target Q235 plate is less than 20% .
Key words measurement; spontaneous emission; polarization imaging; infrared thermography; metal fatigue
damage; damage assessment
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Fig. 2 Fatigue testing machine (left) and infrared polarization camera (right)
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Table 1 Chemical composition of Q235

C Si Mn Cr Co S P Fe
0.220 0.230 0.650 0.044 0.081 0.045 0.040 98.73
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& 4 A1 5 ] 0, Q235 AR IR A A [ 9% 55
JEI T 2% T IOWLTE 35 A W 36 A o HELRE B2 L A DG A 2 Fif
I 57 JE ORI AR T AR L DORELRE B K L AR b
H3ek[27 )0 —3,
4.2 HEBIRFMERN

3 A i e AR S AR AR A [R5 57 JE U 07, 60°,
120° =AM 4 77 5 A 195 57 4540 1 & i 9 D ot LR
1C0°) . 1(60°) . 1(120%) 8K 538 i (8) . (9) g A1 i1
Stokes 2 S, S1.S. EME B #% B Do I % £

A()PEI@ﬁaﬁﬂ@ 6~7 F)?/%o

itk — 2 W A & RS RRAE 36T Tsalis
D7 FIE 6 v i i 18 3k A DX, I DL XA
UG 1C0°) . 1(60°) . 1(120°).S,.5,.S,.P .0
FAE A2 R 21 A1 i i 4R A0E 1 [) s DA 3t 4 X 38k 7
2 T2(0°) . I*(60°) .1 (120°),S2.S%.S:.P*.0° %
TEIR A R 3BT SN PR AFAF S HE R i 22 5% 1R R
W 8 Jrow 25 R AE 4k 9% 57 i Bt vp A2 f A% B0 n & 9
i .

1412002-5



i

g3

=
~
(%)

Roughness /um

1
0 2000 4000 6000 8000
Fatigue circles

160

150

140

130

Correlation length /um @

120
0 2000 4000 6000 8000
Loading circles

P 5 55 i i (W SR 2 TR B2 LA S R BE AR . () SRTATHLRE BE 5 (D) AR SE R
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Table 3 Prediction results of fatigue damage for a tested piece

Fatigue cycles 500 1000 1500 2000 2500 3000 3500 4000 4500
Predication cycles 644 765 1641 2107 2372 2904 4169 4654 4949
Error /% 28.8 23.5 9.3 5.3 5.0 3.2 19.1 16.3 9.9
Fatigue cycles 5000 5500 6000 6500 7000 7500 8000 8500 9000
Predication cycles 4284 5387 4801 5253 7073 8229 10023 8983 7372
Error /% 14.3 2.0 19.9 19.1 1.0 9.7 25.2 5.6 18.0
Fatigue cycles 9500 10000 10500 11000 11500 12000 12500 13000 13500
Predication cycles 8383 8348 7524 9030 10233 11229 10283 10520 10184
Error /% 11.7 16.5 28.3 17.9 11.1 6.4 17.7 19.0 24.5
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