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Magnetic property parameter identification of steel pole based on
GA-PSO hybrid algorithm

He Cunfu, Wang Zhi, Liu Xiucheng, Wang Xueqgian, Wu Bin

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

Abstract: By measuring the hysteresis loop of shaft parts, the change of its feature can be used to describe the the surface hardness and
case depth. It is one of the most promising technologies for nondestructive testing. The key of this technology is to develop the measuring
devices and research the high precision identification method. This paper design a hysteresis loop measurement device for shaft parts
based on the closed magnetic circuit. A Genetic Algorithm and Particle Swarm Optimization ( GA-PSO) hybrid algorithm is proposed to
identify the parameters based on J-A model, which can realize the fast and accurate identification of the global and local characteristic
parameters of hysteresis loop. According to the measured hysteresis loops of three different kinds of steel material , the consuming time and
accuracy of parameter identification are compared and analyzed among the proposed hybrid algorithm and other algorithms ( genetic
algorithm; particle swarm optimization; simulated annealing algorithm). The experimental results show that the minimum root mean square
error of the global identification results of the hybrid algorithm is only 0. 004 7, which is lower than the corresponding results of other
algorithms. The relative error of the local feature parameters ( coercivity and residual magnetic induction) identification results of the hybrid
algorithm is less than 0.35% , which is smaller than other algorithms. The experimental measurements and parameters identification method
can be expected to apply for the nondestructive testing for surface hardened layer of shaft component, e. g. , dowel pins, bolts.
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Fig.1 Typical magnetic characteristic curves
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Table 1 Chemical composition of three kinds of test pieces
(wt% )

N fot sy o it
B :
Si Mn Cr Mo P Ni
40Cr 0.42 0.23 0.66 0.96 0.0041 0.011 0.03
4524 0.48 0.18 0.56 0.052 0.0050 0.021 0.02
42CrtMo 0.45  0.24 0.74 1.00 0.20 0.012 0.01
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Fig.2 The apparatus for magnetic hysteresis

loops measurement
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Fig.3 Experimental magnetic hysteresis loops of

three steel pole with different materials
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Fig.4 Parameter identification results of 40Cr
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Table 2 Comparison of the root mean square

error of the algorithms with three kinds of test pieces

£ = S 0 2 A7 g [ RV AN T S R 7S % VS IE XA AR
40Cr  0.0123  0.0241  0.0213 0.022 4

45 940  0.0047 0.0115  0.0125 0.012 7

42CtMo  0.0053  0.0152  0.0106 0.014 4
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Table 3 Comparison of computation time of the

algorithms with three kinds of test pieces (s)
N R R
P — - - . o -
RARD: BERE RFRRE BN R
40Cr 922 911 918 2 988
45 540 2 234 2 191 2 148 6 016
42CrMo 1 988 1 894 1828 5368
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Table 4 Comparison of local characteristic parameters

of the algorithms with three kinds of test pieces
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