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Electromagnetic Force Analysis of Electrically Excited Flux Switching

Linear Magnetic Suspension Motor
ZHANG Xinyue “ , LAN Yipeng
(School of Electric Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The electrically excited flux switching linear
magnetic suspension motor ( EEFSLMSM ) for rail transit
traction systems is taken as the object of study. Firstly, the
structure of EEFSLMSM is analyzed, its operating mechanism
and the principle of electromagnetic thrust and levitation force
generation are studied. Secondly, the mathematical model of
EEFSLMSM is established, and the voltage and magnetic
chain equations as well as the mathematical expressions of
electromagnetic thrust and suspension force of the motor are
derived. Then, the magnetic field distribution and no-load
back electromotive force waveform of EEFSLMSM are
analyzed by Ansys Maxwell, and the magnetic modulation
ability of the motor is studied. Finally, the connection
between electromagnetic thrust, levitation force and armature
current as well as excitation current is obtained through Ansys
finite element calculation and analysis. The results verify the
feasibility of EEFSLMSM operation and provide a theoretical
reference for the design of traction and suspension integration.
Key words: electric excitation; flux switching; linear

magnetic suspension motor; finite element
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Electrically excited flux switching linear
magnetic suspension motor ( EEFSLMSM ) operates
with a innovative structural configuration, which not
only streamlines the manufacturing process, but also
significantly reduces overall production costs,
marking a paradigm shift in cost-effective motor
design and production methodologies.

A complex mathematical model is designed by
precisely outlining its functionalities within the d—¢
axis. The rigorous derivation and elucidation of
intricate analytical expressions governing various
facets such as voltage, magnetic flux, power
equations, and the complex aspects associated with
suspension force and electromagnetic thrust for the
EEFSLMSM are exhaustively outlined. These insights
delve deeply into the profound intricacies, unveiling
interrelations and complexities inherent in the
motor’s operational dynamics.

This  article  delves  deeply into  the
electromagnetic performance of the motor, employing
advanced finite element calculation methods.
Through meticulous comparison of controlled current
values, it reveals that electromagnetic thrust is

predominantly governed by the armature current,

while suspension force is intricately linked to the
excitation current, exhibiting a clear proportional
relationship. Moreover, the magnitude of suspension
force escalates exponentially with the square of the
excitation current, while load thrust mirrors a similar
These
theoretical insights provide a reference for optimizing
the design and control strategies for EEFSLMSM,

promising significant improvements in performance

proportional trend with armature current.

and efficiency.

From an industrial standpoint, the structural
layout simplifies the overall construction process and
reduces manufacturing costs. A notable feature of
this layout is the integration of excitation and
armature windings within the rotor core, offering both
theoretical frameworks and practical guidance for
future advancements in electric motor engineering.
This integration enhances the motor’s reliability and
enables more compact designs, contributing to the
development of innovative solutions in various
industrial applications. In conclusion, this research
advances our understanding of electromagnetic
systems and paves the way for further advancements

in magnetic levitation linear motor technology.
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