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Abstract  [Background| The dipole magnetic field confinement is a crucial component in the field of fusion
energy and space plasma research. Previous projects, such as MIT s Levitated Dipole Experiment (LDX) and the
University of Tokyo's Ring Trap (RT), have explored the behavior of high-temperature plasmas in such
configurations. These efforts, although significant, faced challenges in terms of limited design capabilities and
funding constraints. The China Astro-Torus (CAT) project was initiated to address these limitations and push the
boundaries of magnetic confinement. [Purpose] This study aims to develop a stable levitation system for dipole

magnets of the CAT-1 fusion device and thereafter to validate the use of permanent magnets for magnetic field
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generation and explore the feasibility of a novel levitation system that can stabilize the dipole magnet effectively.
[Methods] The experimental setup involved the development of a levitation permanent magnet ring system (LPMR).
The system was designed to simulate the magnetic dipole field required for plasma confinement. Key components
included a laser positioning system for high-precision feedback and a digital control system that adjusted the current
in the lifting coil to maintain the magnet’ s position, and real-time position data was used to modulate the current
dynamically, ensuring stable levitation. [Results] The system successfully achieves stable and sustained levitation of
the permanent magnet, with minimal oscillations observed. The vertical oscillation frequency is measured at 2.53 Hz,
which is slightly lower than the theoretical prediction of 2.71 Hz, indicating that there is potential for further
optimization of the system. [Conclusions| These results of this study demonstrate the effectiveness of the digital
control model implemented for stabilizing the magnet. The system performs well over extended periods, confirming
its capability for long-term operation. The successful stabilization achieved by the LPMR system lays a solid
foundation for the development of advanced magnetic confinement systems, which are critical for the future of fusion
energy research. The findings offer valuable insights for enhancing magnetic levitation and confinement techniques in

fusion reactors, contributing significantly to the development of the CAT-1 device. The ability to stabilize dipole

magnets through digital control also represents a key advancement in magnetic confinement technology.

Key words Dipole field fusion, Dipole magnetic levitation, Digital magnetic levitation control, Laser Positioning
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Fig.1 Dipole magnet levitation stability and parameter distribution of LC (color online)
(a) The relationship between vertical stability and magnet parameters, (b) The relationship between tilted (black line) - horizontal
(green line) stability and magnet parameters
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Fig.9 Diagrams of dipole magnet levitation experimental results
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