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Abstract: Magnetic flux leakage detection is one of NDT methods for ferromagnetic materials.
Quantitative identification is to identify the crack size through obtaining magnetic flux leakage
signals. By combining principal component analysis ( PCA) and neural network, a model was
established to predict width and depth of the micro crack. The principal component analysis
removed the data correlation and reduced the dimension of the input samples, so it can significantly
simplify the network structure. BP neural network optimized by genetic algorithm ( GA-BP neural
network ) can prevent the search process from running into the local optimal solution. Based on the
theoretical calculation of magnetic dipole model and experiment on the artificial cracks, the
algorithm applied in the quantitative recognition of microcracks was verified, which may lay the
foundation for the early quantitative recognition technique of crack development stage.
Key words: magnetic flux leakage detection; principal component analysis ( PCA);
neural network; microcrack; quantitative identification
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Fig. 2 Magnetic dipole model
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Table 1 Crack size parameters mm
NAYES LJ'L'LF:F{_‘ 2b
W B 0.10 0.15 0.20 0.25 0. 30
0.10 (0.10,0.10), (0.15,0.10), (0.20,0.10) (0.25,0.10) (0.30,0.10),,
0.15 (0.10,0.15), (0.15,0.15), (0.20,0.15) , (0.25,0.15) , (0.30,0.15),,
0.20 (0.10,0.20), (0.15,0.20), (0.20,0.20) (0.25,0.20) (0.30,0.20),,
0.25 (0.10,0.25), (0.15,0.25), (0.20,0.25) , (0.25,0.25) (0.30,0.25),,
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Table 2 Feature and cumulative contribution
ratio of the principal components

Fuisr  FHEE S STERE/% E &
PCl  7.8924 78.92 78.92
PC2  1.9537 19. 54 98. 46
PC3  0.1057 1. 06 99.52
PC4  0.0315 0.32 99. 84
PC5  0.0146 0.14 99. 98
PC6 0. 002 0.02 100
PC7 3.399¢-05 0.0004 100
PC8  6.95¢-06 7.846¢ -05 100
PC9 8.700e —08 2.673e 06 100
PCI0 5.746e -09 8.55le —08 100
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Table 3 Factor loading of the principal components

H‘EEJUJ\ Xl XZ X3 X4 Xﬁ X7 XS X9 XlO
PCI 0.3543  0.059  0.3555 0.3489 0.0115 0.3554 0.3480 0.3556 0.3504 0.3551
PC2  -0.0605 0.6998-0.0311 -0.0450 0.7095 -0.0037 0.0156 —0.0081 -0.0022 -0.0047
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Fig. 3 Structure of three layer BP neural network
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Table 4 Predictive results of the theoretical calculation
data

SZPR{E/mm TME/ mm R%E/%

- e

1 0.10 0.30 0.0974 0.2971 2.60 0.95
2 0.15 0.20 0.1720 0.1978 14.67 1.12
3 0.20 0.10 0.1748 0.1078 12.62 7.82
4 0.25 0.25 0.2470 0.2487 1.18 0.50
5 0.30 0.20 0.2984 0.2047 0.55 2.34
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Fig. 4 Photo of the MFL test system
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Table 5 Predictive results of the MFL experimental

data
s 9—: FR{E/mm ‘ﬁ‘?)rl'l {/mm ‘ R22/%
1 0.10 0.30 0.1333 0.2675 33.30 10.84
2 0.15 0.20 0.1629 0.2086 8.60 4.28
3 0.20 0.10 0.1355 0.1166 32.24 16.64
4 0.25 0.25 0.2748 0.2211 9.90 11.55
5 0.30 0.20 0.2291 0.2307 23.62 15.36
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