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Abstract: High-purity vacuum levitation melting and casting technology achieves non-contact suspension of metallic
melts through electromagnetic induction forces, and completes heating, melting and forming processes in a vacuum
environment, which fundamentally avoiding impurity contamination came from crucible materials for the melt and
significantly improving the purity of metallic materials. This paper systematically introduces the basic principles, process
characteristics, and main equipment structures of the vacuum levitation melting and casting technology, reviews the
technological development status and key bottlenecks at home and abroad, and analyzes core challenges such as power
matching, crucible cooling and levitation stability in large-capacity melting. Based on current research progress, the
innovative applications of the equipment in digital simulation, Al-based optimization and multi-crucible coordinated
melting are explored emphatically, and its advantages and potential in the preparations of high-purity metals and new
materials are described. Looking forward to the future, the levitation melting and casting equipment is expected to
evolve toward intelligence, precision, greenness and multifunctionality. By integrating digital twins, physics-informed
neural networks, it will realize precise process control and energy efficiency optimization, providing strong support for
the independent development and high-performance application of advanced metallic materials.
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Fig. 1 Levitation melting and casting equipment and water-cooled copper crucible
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Fig. 2 Alloy levitation melting state and alloy ingot
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Fig. 4 Simulation and process analysis of levitation melting and casting
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Fig. 5 Magnetic induction intensity fields at different frequencies during melting processes
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Fig. 6 Multi-crucible state simulation of levitation melting and casting
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