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Optimization of electromagnetic structure of magnetic levitation belt conveyor

HU Kun'?, JIANG Hao?, JI Chenguang®’, PAN Z¢’
(1.State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal
Mine, Anhui University of Science and Technology, Huainan 232001, China; 2. School of
Mechanical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: The conventional magnetic levitation belt conveyor adopts the electromagnetic structure
composed of permanent magnets and electromagnets, which has the problems of easy heat generation and
high current loss under the working conditions with high demand of magnetic levitation support force. To
solve this problem, an electromagnetic structure based on Halbach array is proposed in this study. The
mathematical model of electromagnetic structure optimization is established with the maximum magnetic
induction intensity of electromagnetic structure as the objective function and the size of electromagnetic
structure and the range of magnetic induction intensity distribution as the constraints. When solving the
mathematical model of electromagnetic structure optimization, the Teaching and Learning Optimization
(TLBO) algorithm is easily to fall into the local optimum. To solve this problem, an improved TLBO
algorithm is proposed so as to enhance the diversity and search ability of the population by introducing new
populations through screening and improving the learning methods in the teaching stage and mutual
learning stage. The test results show that the accuracy and stability of the improved TLBO algorithm are
better than the standard TLBO algorithm. The improved TLBO algorithm is used to solve the

electromagnetic structure optimization mathematical model of the magnetic levitation belt conveyor. The
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optimal electromagnetic structure parameters are obtained as follows: the height of a single permanent

magnet in Halbach array is 7 mm, the width is 9 mm, and the number of permanent magnets is 7. The

experimental results show that under the same size conditions, the maximum magnetic induction intensity

of the Halbach array-based electromagnetic structure is increased by 47.69% compared with the permanent

magnet-based electromagnetic structure.

Key words: magnetic levitation belt conveyor; electromagnetic structure; Halbach array; teaching and

learning optimization algorithm; constrained optimization problem
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Fig.1 Main structure of conventional magnetic

levitation belt conveyor
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Fig. 2 Electromagnetic structure based on Halbach array
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Table 3 Magnetic induction intensity of electromagnetic structure based on permanent magnet 1073T
75 Py Py P, P; P, Ps Pg P; Pg Py Py
1 —12.63 —13.39 —15.45 —18.45 —18.55 —21.41 —21. 11 —20.12 —17.45 —15. 33 —11.23
2 —12.68 —13.53 —15.49 —18.50 —18. 56 —21.42 —21.67 —20.11 —17.49 —15. 46 —11.18
3 —12.61 —13.42 —15.78 —18. 46 —18.58 —21.52 —21.35 —20. 96 —17.31 —15.37 —11.08
4 —12.71 —13. 45 —15.77 —18.51 —18.51 —21. 36 —21.27 —20.05 —17. 46 —15.41 —11.12
5 —12.72 —13.41 —15.76 —18.43 —18. 60 —21.54 —21. 30 —19.51 —17. 44 —15.58 —11.04
S —12.67 —13.44 —15.65 —18.47 —18. 56 —21.45 —21.34 —20.15 —17.43 —15.43 —11.13
F# 4 HET Halbach M5 1) B 85 245 1 G 86 0 o B
Table 4 Magnetic induction intensity of electromagnetic structure based on Halbach array 1073T
e P P, P, P, P, P P P, Ps P, Py
1 9.23 9.21 —6.32 —8.71 —10.11 —16. 45 —20. 44 —28. 46 —30.42 —27.05 —20.12
2 7.99 9.45 —6.22 —8.69 —10. 45 —16.79 —20.49 —28.77 —31.46 —27.43 —20.78
3 8.67 10. 34 —6.33 —8.49 —10.03 —16. 87 —20. 38 —28.94 —32. 66 —27.48 —20.73
4 8. 45 10. 44 —6.72 —8.91 —10. 14 —16.74 —20. 34 —28.37 —32.39 —27.43 —20.10
5 7.91 13.01 —6.46 —8.85 —10.02 —16.95 —20.55 —29.91 —31.47 —28.06 —19.92
S 8. 45 10. 49 —6.41 —8.73 —10. 15 —16.76 —20. 44 —28.89 —31.68 —27.49 —20. 33
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