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Abstract; Traditional two-dimensional models fail to accurately invert the internal magnetization
field distribution of 3D structures in electromagnetic nondestructive testing. To solve this
problem, a three-dimensional magnetic charge distribution inversion method was proposed for
plate and tubular components. Firstly, discretized governing equations for 3D magnetization field

distribution were derived based on the equivalent magnetic charge model. Secondly, spatial
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smoothness constraints were adopted to optimize the least-squares objective function and suppress
non-physical oscillations in the inversion results. Thirdly, Tikhonov regularization was introduced to
solve ill-posed problems, and an adaptive gradient-constrained least-squares inversion algorithm
was developed. Finally, numerical simulations of plate and tubular models were conducted. A
preset 3D normal magnetization field was adopted to calculate the magnetic induction intensity on
detection surfaces, and white noise was added to simulate interference-contained detection signals. The
simulated signals were inverted by the proposed algorithm. The results show that the coefficient of
determination between inverted values and preset parameters of the plate model reaches 0. 994 1, with a
maximum peak relative error of 4. 925%. For the tubular model, the coefficient of determination
of inversion results on both inner and outer ring detection surfaces is higher than 0. 997, and the
maximum peak relative error is only 2.406%. The method maintains controllable errors under
noise interference and presents excellent robustness. The approach presented in this paper
overcomes the limitations of conventional 2D inversion methods. It provides theoretical support
and algorithmic references for subsequent stress distribution inversion and structural safety
evaluation, and satisfies the engineering requirements of nondestructive testing for infrastructure.

Keywords: equivalent magnetic charge model; three-dimensional magnetic charge distribution;

Tikhonov regularization; spatial smoothness constraint
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Fig. 1 Schematic diagram of simulation flow
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Table 2 Parameters of magnetic charge distribution in the
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Fig. 3 Discrete mesh division and preset distribution of

magnetic charge density for tubular model
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Table 4 Comparison of the preset and inversion results of the peak position of the magnetic charge density in the flat plate model
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Table 5 Comparison of preset and inversion results for peak location of magnetic charge density in tubular model (inner-ring detection)
BB Cooye)/ BURBERTRIE, RO (rovoo)/ R
g e , B MR R 2/ %

mm (10°Wb + m %) mm (10°Wb + m™ %)

1 (—15,—11.0) —5 (—15,—11,0) —4.879 7 2. 406

2 (—15,11,0) 5 (—15,11,0) 5.017 9 0. 358

3 (15,0,—11) —5 (15,0,—11) —4.935 4 1. 292

4 (15,0,11) 5 (15,0,11) 4.939 6 1. 208
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Table 6 Comparison of preset and inversion results for peak location of magnetic charge density in tubular model (outer-ring detection)
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4 (15,0,11) 5 (15,0,11) 4.992 1 0.158
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