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Design of a Long-stroke Driving System Based on Optimization
of Moving-Coil and Central Pole
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Abstract

To address issues such as large thrust fluctuations, low energy conversion efficiency, and insufficient structural stability in traditional
long-stroke drive systems, this paper proposes a design scheme for a long-stroke drive system based on the collaborative optimization
of voice coils and central poles. First, the magnetic circuit and mechanical transmission mechanisms of the drive system are analyzed
to clarify the core influence mechanisms of voice coil winding arrangements and central pole structural parameters on system
performance. Second, aiming at the key problem of uneven magnetic field distribution under long-stroke operating conditions, the
voice coil structure is optimized through segmented and offset winding arrangements, while the central pole is optimized via arc-
shaped transitions at the magnetic pole ends and composite design with gradient magnetic conductive materials. Finally, a system
simulation model is constructed to verify the effectiveness of the optimization scheme from three dimensions: magnetic field
distribution, thrust characteristics, and energy efficiency. The results show that the optimized drive system reduces thrust fluctuation
amplitude by more than 40%, increases energy conversion efficiency by 15%, and exhibits excellent stability and efficiency in long-
stroke reciprocating motion scenarios.
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