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Research on eddy current testing and defect evaluation
methods for complex cracks

Jin Jianhui' , Zhang Qing' ,Han Bo', Yang Shipin',Ren Yi’

(1. College of Electrical Engineering and Control Science, Nanjing Tech University, Nanjing 211816, China;
2. Special Equipment Safety Supervision Inspection Institute of Jiangsu Province, Nanjing 210009, China)

Abstract: The rolling contact fatigue cracks on the rail surface and upper surface usually exist in the form of inclined cracks or multi-
angle complex cracks, which are difficult to detect and evaluate. Based on this, the wireless power transfer-eddy current testing ( WPT-
ECT) is adopted. A new probe structure is designed, and neural network algorithms are combined to detect and evaluate cracks. Firstly,
different from the existing wireless power transfer-eddy current testing methods, the resonant circuit is constructed by increasing the
excitation frequency instead of the series-parallel capacitance. Secondly, according to the characteristics of complex cracks, a directional
probe structure consisting of two eight-figure excitation coils and two rectangular receiving coils is designed. Finally, the features of the
detected signal are fully extracted, and the cracks are identified by the radial basis function neural network algorithm. Simulation and
experimental results show that the proposed probe structure is sensitive to defects at any angle. Meanwhile, the recognition accuracy of
the radial basis function algorithm for oblique crack, T crack, Y crack, and T crack with 1.2 mm lift-off is 92.00% , 95.27% ,
96. 64% , and 89.50% , respectively.
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Fig. 1 Equivalent schematic diagram of eddy current testing
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(a) Figure-eight excitation coil (b) Figure-eight coil simulation model
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Fig.2  Simulation model diagram
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Table 2 Accuracy rate of oblique crack defect evaluation
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Fig. 14  Accuracy rate of first defect evaluation of T/Y crack
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Table 3 Accuracy rate of T/Y crack defect evaluation

FIF S T LG IER /% Y LT ERRE/ %
1 9. 12 92.31
2 91.67 93.75
3 100. 00 100. 00
4 92.31 92.86
5 93.75 100. 00
6 93.75 100. 00
7 100. 00 93.75
8 93.33 100. 00
9 93.75 100. 00
10 100. 00 93.75
A 95.27 96. 64
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Fig. 15 Accuracy of the first defect evaluation of 1.2 mm lift-off
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Table 4 Accuracy rate of T crack defect evaluation under

different lift-off conditions

0.9 mm
HE/%

1.2 mm

P85 /%

0.6 mm

FB/%

0.3 mm

S 0.0 mm
7 WE/%

B R

1 100. 00 100. 00 95.00 95. 00 95. 00
2 95. 00 95.00 100. 00 90. 00 85.00
3 100. 00 95.00 90. 00 85.00 95.00
4 100. 00 100. 00 90. 00 90. 00 85.00
5 100. 00 95. 00 100. 00 90. 00 85.00
6 100. 00 100. 00 95.00 90. 00 90. 00
7 95. 00 100. 00 100. 00 90. 00 90. 00
8 95. 00 90. 00 95.00 95. 00 95.00
9 100. 00 100. 00 100. 00 95. 00 85.00
10 100. 00 100. 00 90. 00 90. 00 90. 00

SEHE 98.50 97. 50 95.50 91. 00 89. 50
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