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Abstract

Magnetic levitation linear motors, renowned for their contactless operation, minimal friction, and rapid response capabilities, are
extensively utilized in semiconductor manufacturing, precision measurement systems, and high-speed positioning applications.
However, their electromagnetic drive architecture renders them highly sensitive to external disturbances, time-varying parameters,
load fluctuations, and electromagnetic coupling, significantly complicating high-precision control. In practical engineering scenarios,
challenges such as model uncertainties, complex disturbance sources, and coupling between levitation and drive mechanisms
make traditional control methods inadequate for high-performance requirements. This study establishes a system dynamics model
incorporating electromagnetic force characteristics, coupling mechanisms, and load variations, while implementing state recognition
through multi-sensor fusion. Simulation and experimental results demonstrate that this strategy substantially improves steady-state
accuracy, dynamic response, and disturbance resistance, offering engineering value for the application of magnetic levitation linear
motors in advanced equipment.
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