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Material defect quantitative identification with single-side infrared
inspection based on Chaos-LM hybrid algorithm

Lv Shigui, Yang Li, Fan Chunli, Wang Weiging
(College of Naval Architecture and Power, Naval University of Engineering, Wuhan 430033, China)

Abstract: In order to overcome the difficulty of nonlinearity and ill-posedness of the defect quantitative
identification with the single-side infrared inspection, a new algorithm(Chaos-LM hybrid algorithm), which
combined the chaos algorithm with the Levenberg-Marquardt method,was introduced in this paper. And a
new concept of relative sensitivity coefficient was also brought forward to analyze the defect
inspectability. Through analyzing the relative sensitivity coefficient, it was found that the inspectability of
different parameters describing the size and position of the defect was different, and the inspection carried
out at the time with maximum surface temperature difference was more desirable than that in steady heat
transfer state. Both of the transient and steady inspections were tested by a series of numerical
experiments, and the experimental results are consistent with the analysis of relative sensitivity coefficient.
Besides, the numerical experiments have certified the effectiveness of the Chaos-LM hybrid algorithm,
and show that the identification results are stable and globally optimal.
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Tab.1 Influence of initial assumptions on the
identification results

Result Relative error/%

Initial ti
nitial assumption (L, Lx,, Lys, Lyy) (Ery, Ery, Ers, Ery)

0.0551,0.0443,
0.0826,0.094 0
0.0838,0.0130,
0.5571,0.034 3
0.0310,0.0076,
0.2680,0.1970

0.0436,0.0005,
0.2752,0.256 0
0.0432,0.0005,
0.2767,0.256 2
0.0448,0.0018,
0.2778,0.254 3

3.18,89.57,0.08,1.59

4.09,89.87,0.60,1.68

0.48,64.49,1.02,0.90
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Tab.2 Identification results with different cooling

medium temperatures

T/C Result Relative error/%
¢ (Lxq, L¥o, Lys, Ly,) (Ery, Er,, Erg, Ery)
0.0433,0.0187,
5 0.276 8., 0.2539 3.83,>100,0.65,0.75
0.0436,0.0005,
15 0.2752,0.256 0 3.18,89.57,0.08,1.59
25 0.0424,0.0006, 5.80,88.57,1.84,1.08

0.2801,0.2547
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Tab.3 Identification results with different coefficient
of heat transfer

Result Relative error/%
hJ/W-m=2.-C+*
! m*-C (X1, LXo, Ly1, Ly,) (Ery, Ery, Ers, Ery)
0.0448,<0.005, _
1000 0.2744,0.251 4 0.44,~100,0.21, 0.24
0.0436,0.0005
2 ] ] 1 .57,0. 1.
000 0.2752,0.256 0 3.18,89.57,0.08,1.59
.0434 0.
3000 0.0434,0.0005, 3.51,90.29,1.51,0. 85

0.2791,0.254 1
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Tab.4 Identification results with different heat
transfer states

Result Relative error/%
al/C
(Lxy, Lz, Ly, Ly,) (Ery, Er,, Ers, Ery)
Steady: 0.0450,0.0050, 1.29e-5,9.65e-6,
0.2750,0.2520 1.8%-6,1.2e-7
Unsteady: 0.0450,0.0050, 4.2e-7,1.05e-5,
0.2750, 0.2520 1.5e-7,1.6e-7
Steady: 0.0330,0.0581, 0.2677,>100,
0.2 0.1375,0.0257 0.5000,0.897 9
Unsteady: 0.0436,0.0005,
0.2752.0.256 0 3.18,89.57,0.08,1.59
Steady: 0.0018,0.0926, 0.9595,>100,
0.5 0.3500,0.0001 0.2727,0.999 6

Unsteady: 0.0446,0.000 1,

0.2777.0.2500 0.99,98.58,0.98,0.79
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