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Theoretical model of magnetoacoustic emission considering the microstructure
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Abstract: Magnetic acoustic emission (MAE) is an important non-destructive testing method commonly used to evaluate the mechanical
properties of ferromagnetic materials. However, there are few reports on the theory or numerical models of MAE. A theoretical MAE
model considering the microstructure ( dislocation density and grain size) is proposed in this paper. The influences of magnetization
parameters and microstructure parameters on the envelope of MAE signal are analyzed through numerical calculations. After that, the
rationality of the MAE model is validated. Based on the MAE predicted signals with different hardness specimens, the dynamic hysteresis
parameters and magnetized structural parameters in the theoretical model were inverted with the genetic algorithm. The results
demonstrate that the MAE signals calculated from the theoretical model under the inversion parameters are in good agreement with the
experimental signals, and the maximum error between the inversion values of the key hysteresis parameters and the theoretical calculation
results is less than 15%. Therefore, the theoretical model can be used to predict the MAE signals.
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Table 1 Dynamic hysteresis parameters and

magnetization parameters
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Fig. 1 The envelopes of the MAE signal at typical domain

formation coefficient
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Fig.2 The envelopes of the MAE signal at typical domain

annihilation coefficient
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Fig.9 Parameter estimation using the genetic algorithm
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Table 3 Main parameters of the genetic algorithm
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Table 4 Parameters of the theoretical model obtained by inversion method

Erh=2 M, a ¢ k a
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Table 5 Dislocation densities and grain sizes of

different specimens

Hi's HELCREBE/HV PSR EEX 100 /em™ IR RLIT/ pm

S1 225 1.757 2 11.76
S2 351 1.873 2 11.48
S3 406 3.728 2 11.44
S4 452 4.089 5 11.34
S5 556 8.1375 10. 98
S6 579 8.1823 10. 69
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