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A Study on the Levitation Force of Maglev Logistics Transport System

Based on Magnetic Equivalent Circuits Considering the Fringing Effect
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Abstract

In this paper, the EMS(Electro-Magnet Suspension) E-type magnetic levitation system is interpreted through magnetic equivalent
circuit. In addition, the system is interpreted through the finite element analysis program, and the improved equivalent circuit
analysis method is introduced to reduce the error of magnetic equivalent circuit calculation result. As an improvement method, a
magnetic equivalent circuit model with fringing effect is introduced at the teeth of the iron core adjacent to the air gap. Finally, the
feasibility of the improvement model is verified by comparing the improved magnetic equivalent circuit model with the FEA result.
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Fig. 1 Basic maglev model
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Table 1 Specification of basic maglev model

Parameter Symbol Value Unit
N Number of turns 320 turn
1 DC Current 10 A
g Airgap Length 4 mm
L Model Length 100 mm

Lstator Stator Width 100 mm
Nstator Stator Height 50 mm
Peoit Coil Height 10 mm
Lieeth Stator Teeth Width 20 mm
Leoit Coil Width 20 mm
Wiy Stator Yoke 10 mm
M Mass 50 kg
F Force 550 N
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Fig. 2 Magnetic Equivalent Circuits of basic maglev model
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Fig. 3 Magnetic flux density of the basic model
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Fig. 4 Airgap flux density of the basic model

H 2 X7|S7te12 ¥ FEM Z1o} H|w
Table 2 Comparison of Magnetic equivalent circuit and FEM result

Contents A715713 2 FEM Qe
By [T] 0.67 0.65 2.99%
Feore [N] 536.17 556.26 3.61%
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Fig. 5 Magnetic flux flow of fringing effect
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Fig. 6 Magnetic equivalent circuit considering fringing effect
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Fig. 7 Magnetic flux line considering fringing effect
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Table 3 Levitation force according to analysis method

Contents 71E Akt FEA
A71s7rElE | ATISTEE
B, [T] 0.67 0.65 0.65
B, 2218 [%] 2.99 0 -
Feore [N] 536.17 552.85 556.26
Feore 278 [%] 3.61 0.61 -
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Fig. 8 Comparison of the magnitude of the levitation force according to the
airgap length
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