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Fig. 1 The experimental system
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Tab.1 The hardness of samples
AR & 1H 4k FCAE FE (HV30)
5o w1 fiE2  frE3 fuE4 fuES fiES6

1 505. 3 490. 3 511.7 505 508. 7 515.3
2 240.7 247 247.3 282.3 268.7 254.3
3 419.7 416 432 419 420. 3 432.3
4 261.7 268.3 258 229 223.3 242.3
5 604 615 593.7 539.3 537 536
6 281 206. 3 279.3 281 265.7 292.3
7 652.7 685. 3 661.3 626.3 694. 3 679
8 685.7 604. 3 668. 3 649. 3 657.3 677.7
9 695.7 626.7 737 702.3 719 739.3
10 540. 3 520 532.3 520.7 512.7 548.7
11 509. 3 495 543.7 510. 3 514.7 521
12 703.7 660 669. 3 684, 7 666. 7 678
13 381 372.3 379.3 381 379 380. 7
14 371.3 376.7 424.7 375.3 381.3 406. 3
15 684. 3 675 682.7 679 664.7 693
16 230.7 229.3 272 247 230. 3 225
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Fig.6  Typical MBN/TMF signal Fig. 7 MBN profiles obtained from rods

with different surface hardness
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Tab. 2 The variation coefficient of MBN and TMF magnetic parameters
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Fig. 8 Tendency of magnetic parameters on the surface hardness
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Magnetic barkhausen noise technology for surface
hardness evaluation in steel shaft based on BP neural network

ZHANG Chuan-dong, HE Cun-fu, LIU Xiu-cheng, WU Bin, ZHANG Xiu

(College of Mechanical Engineering and Applied Electronics Technology. Beijing University of Technology. Beijing 100124, China)

Abstract: Non-destructive evaluation of surface hardness in steel shaft is achieved using magnetic
Barkhausen noise (MBN) method. First, experiments are performed under the condition of different
excitation frequencies and amplitudes to investigate the repeated detection performance of the sensor
on measuring MBN signals. The charts, representing the average peak value of MBN envelope and the
variation coefficient of the repeated test data are drawn. The ratio of the average peak value of MBN
signals to the variation coefficient of the peak value of MBN signals is used as a criteria to help
optimize the excitation parameters of the sensor. Second, the variation coefficient of measured
magnetic parameters of MBN and tangential magnetic field is analyzed and magnetic parameters with
smaller variation coefficient are selected as the input nodes of the BP neural network. Finally, the
influence of the number of hidden layer nodes of BP neural network model on the accuracy of the
model is investigated. The model with optimal structure is used to predict the surface hardness of the
steel shaft and the average prediction error is only 4. 25%.

Keywords: BP neural network; steel shaft; surface hardness; magnetic barkhausen noise;

nondestructive evaluations



