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Influence of Characteristic Parameter Selection on Material Hardness
Evaluation by Magnetic Barkhausen Noise
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Abstract: The hardness is one of the important indexes of mechanical properties of materials. The traditional indentation method will
damage the materials, so the nondestructive evaluation of hardness has become a research hotspot in this field. Aiming at the requirements
of rapid quantitative nondestructive testing of alloy steel surface hardness, six 24CrNiMo alloy steel specimens with different heat treat-
ment are designed to be measured. The nondestructive testing signals of the specimens are measured by magnetic Barkhausen noise testing
system, and three different signal characteristic parameters are extracted. Then, the mapping relationship between different evaluation pa-
rameters and hardness is established respectively to obtain three kinds of single parameter evaluation models of hardness. The correlation
coefficient and evaluation accuracy of the single parameter evaluation model are verified and compared, and the existing problems and de-
fects of the model are proposed. In order to further improve the accuracy and reliability of hardness evaluation of alloy steel, the multiple
evaluation parameters based on the total signal characteristics are proposed, and the evaluation model of multiple parameters is estab-
lished. The results show that the multivariate evaluation model based on convolution neural network with the average error 0. 97% and the
maximum error 2. 78% performs better than single parameter and multiple linear regression models. The research provides a new method
for rapid quantitative nondestructive evaluation of alloy steel hardness, and the evaluation accuracy, reliability and stability are improved.

Keywords : alloy steel; surface hardness; magnetic Barkhausen noise; quantitative nondestructive evaluation; convolutional neural network
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Table 3 Single parameter fitting results of linear function

Characteristic Fit coefficient (a,b) Correlation coefficient R? Error( % )

RMS 650. 37 -1 385.51 0. 969 5.3

Ave 776. 153 -3 163. 341 0. 987 6.3

Peak 480. 405 —120. 95 0.978 8.2
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Table 4 Single parameter fitting results of cubic polynomials
Characteristic Fit coefficient (a,b;,b,,b5) Correlation coefficient R Error( %)

RMS -788.708 41 324.94 -409 786.9 1.22x10° 0. 986 13.7
Ave 1851.39 -23 882.8 133 798.5 -252 190. 4 0. 996 4.0
Peak 915. 109 -979. 057 658.2 —151. 622 0.992 0.3
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Table 5 Single parameter fitting results of exponential function

Characteristic Fit coefficient (y,,A,,t,) Correlation coefficient R? Error( %)
RMS 1 764. 63 -1134.03 -0.984 0.954 6.2
Ave 0. 166 1 032. 66 0.123 0. 994 6.1
Peak ~1.046 37x10’ 1. 046 43x10’ 86 515. 87 0. 967 5.5
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Table 6 Comparison of test accuracy

Method Paremeter ~ Min error Max error  Aveerror
. RMS 5.3 13.7 8.4
Single parameter
i Ave 4.0 6.3 5.5
evaluation Peak 0.3 8.2 5.5
Multivariate
Multivariate 0.0 2.78 0.97
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