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Tab.1 Rectangular slot size
Ny
MRS s K 5% %
Ppecme Defect number Length L/mm  Width W/mm Depth D/mm
number
1 10 0.30 1
I 2 10 0.35 3
3 10 0.40 4
4 10 0.45 2
5 12 0.20 2
1 6 12 0.25 4
7 12 0.30 5
8 12 0.35 3
9 13 0.30 2
10 13 0.35 4
Iir
11 13 0.40 3
12 13 0.45 1
13 15 0.2 3
14 15 0.25 5
v
15 15 0.30 4
16 15 0.35 2
17 18 0.25 2
18 18 0.30 3
\Y
19 18 0.20 4
20 18 0.35 5
21 20 0.40 1
22 20 0.35 2
Vi
23 20 0.45 3
24 20 0.30 4
25 21 0.35 2
26 21 0.20 3
VI
27 21 0.30 4
28 21 0.25 5
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Fig. 4 Topology structure of BP neural network
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Tab.2 Defect characteristic value of specimen I
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Defect IZZ/I L,; ® width Si ,;f)d ) gradient gradient
number L/mm el G, ./(nT/mm) G/(nT/mm)
@® 4 446 38 1.44x10° 459.35 -46.89
@ 6994 41 1.57x10° 894.15 -30.84
® 9871 24 2.88x10° 28809 -19.14
@ 2752 16 1.16x10* 688.05 1.76
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Tab.3 Corresponding mean square error of nodes in each hidden layer of the three prediction models

R T AR Y
Length prediction model

B JEE T AR Y
Width prediction model

TR T AR A
Depth prediction model

B =1 S AR ByJrins

B =1 A A

Number of hidden layer nodes Mean squared error Number of hidden layer nodes Mean squared error  Number of hidden layer nodes Mean squared error

3 0.280 3
4 0.446 4
5 0.215 5
6 0.450 6
7 0.630 7
8 0.369 8
9 0.857 9
10 0.254 10
11 0.291 11

12 0.323 12

By (CRP=RINY B2
0.324 3 0.279
0.622 4 0.277
0.202 5 0.350
0.991 6 0.302
0.190 7 0.214
0.187 8 0.222
0.241 9 0.187
0.570 10 0.236
0.245 11 0.154
0.288 12 0.567
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Fig. 7 Diagram of BP and IWOA iterative process
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Fig. 8 Prediction results of the defect length in the test set
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Quantitative study on weak magnetic detection defects of metal structure
based on IWOA-BP algorithm

FAN Meng' TONG Bo> GAO Chen®

YAO Zhongyuan®

ZHANG Yu’® HU Bo'

(1. Key Laboratory of Non-Destructive Testing of Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China)
(2. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

(3. Jiangsu Clean Energy Branch, Huaneng Power International Inc., Nanjing 210015, China)

Abstract: Metal structures are widely used in industry. Metal structures in service are prone to crack defects under tensile

and compressive fatigue load. In order to realize quantitative detection of metal structures’ crack defects, a quantitative

analysis method of metal structures’ weak magnetic detection based on back propagation (BP) neural network was studied. In

view of the poor effect and low efficiency of BP neural network in parameter adjustment, the improved whale optimization

algorithm (IWOA) based on Sine chaotic mapping was adopted to optimize the BP neural network parameter adjustment mode,

giving consideration to global optimization while improving the local optimization ability, and then the optimal parameters

searched by IWOA were assigned to BP neural network, improving the quality of initial network parameters. The length, width

and depth of the artificial rectangular slot were quantified by inversion. The results show that the average prediction accuracy

of IWOA-BP neural network is above 80%, and the prediction accuracy of depth, length and width is improved respectively by

106. 72%, 9. 68% and 6. 86%.
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