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Abstract—The pursuit of fusion energy as a sustainable and clean power source has spurred the development
of advanced fusion devices, exemplified by the China Fusion Engineering Experimental Reactor (CFETR) and
the Burning plasma Experimental Superconducting Tokamak (BEST). These devices aim for long-pulse steady-
state operation, presenting significant challenges for their DC transmission systems. This study focuses on
optimizing the electromagnetic topology and parasitic parameters of the Tokamak DC transmission system
for long-pulse steady-state operation. The primary challenge is to enhance system efficiency and reliability.
Through thorough exploration of electromagnetic challenges, innovative strategies are proposed. Utilizing
numerical simulations and experimental validation, this study reveals critical electromagnetic characteristics
and quantifies the impact of parasitic parameters. The core innovation lies in developing tailored optimization
schemes for long-pulse operation conditions, addressing unique challenges such as high-parameter voltage
withstand levels (up to 36 kV) and rated operating currents (up to 55 kA). By integrating theoretical analysis,
finite element methods (FEM), and experimental validation, this study explores the electromagnetic character-
istics of the DC transmission system, including magnetic field distribution and current density. Additionally,
parasitic parameters such as stray inductance (<0.2pH/m) and resistance (<2p€/m, including two-pole conduc-
tors) are analyzed and quantified for their impact on system performance. Optimizing system performance
is crucial to ensure reliability under long-pulse operation conditions. The research findings demonstrate that
optimizing electromagnetic topology, improving electric field distribution, and optimizing parasitic parame-
ters significantly enhance the performance of long-pulse steady-state operation Tokamak DC transmission
systems, providing crucial support for the realization of sustainable fusion energy.
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