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Analysis and optimization of normal suspension force for

primary segmented linear motors used in belt conveyor

ZHANG Yufeng, ZHANG Ting, FU Yuan, WANG Chenliang, FAN Zetao, MA Yuhang

(College of Electrical and Conirol Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)
Abstract: To address the issues of high resistance and significant frictional losses in conventional belt
conveyors, a novel approach employing a primary segmented permanent magnet linear motor for auxilia-
ry driving was proposed. This study focused on investigating the normal levitation force of typical per-
manent magnet arrays and the influence of key parameters. An analytical expression for the normal levi-
tation force generated by parallel-magnetized permanent magnet arrays was derived, and the effects of
three array configurations-parallel permanent magnet, rectangular Halbach, and arc-shaped Halbach-on
the normal levitation force and its fluctuation were analyzed via finite element simulation. Furthermore,
the impacts of the pole arc coefficient and the spacing between primary winding units on the normal

levitation force under these three array configurations were examined. Finally, a prototype based on op-
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timized design was fabricated and subjected to experimental validation. The results indicate that: The

permanent magnet array type, pole arc coefficient, and winding unit spacing significantly affect the nor-

mal levitation force and its fluctuation. Relatively speaking, the optimized rectangular Halbach array ex-

hibits superior normal levitation performance, yielding the highest average normal levitation force, with

the amplitude increased by 154.62% and 53.63% relatively compared with that of the parallel perma-

nent magnet and the arc-shaped Halbach arrays and the normal levitation force fluctuation reduced by

9% compared with that of the parallel permanent magnet array. The primary segmented permanent

magnet linear motor with a rectangular Halbach array offers a promising solution to the problems of ex-

cessive mechanical friction losses and uneven belt stress-induced fractures in belt conveyor systems.

Key words: electric machines and electric apparatus; permanent magnet synchronous linear motor; fi-

nite element simulation; levitation force; belt conveyor
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