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Abstract: In this study, the bottom pouring production processes of hundred-ton class steel ingots under different

casting process parameters have been numerically simulated, and the shrinkage cavity and porosity defects formed within
the ingots have been predicted. The results show that a narrow liquid phase region forms at the center of the ingot in the
late solidification stage, which increases the difficulty of feeding and tends to cause axial shrinkage cavity and porosity
defects. When the casting temperature is optimized to 1 536-1 540 °C, the axial shrinkage cavity and porosity can be
significantly improved, and small-scale shallow dish-shaped shrinkage cavities in the riser can be obtained, thereby
reducing the ingot head cutting rate. Controlling the ingot body casting time to 20 minutes can maintain a good feeding
balance. Raising the mold preheating temperature to 250 °C can enhance the insulation and feeding effects of the riser by
reducing the mold heat capacity. The optimized bottom pouring process scheme takes into account both quality control
and production efficiency, and has been verified by production tests.

Key words: hundred-ton class steel ingot; bottom pouring process; shrinkage cavity and shrinkage porosity; pouring
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Tab. 1 Main chemical composition of S50C steel
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Fig. 1 Main physical parameters of S50C steel
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Fig. 2 3D model and mesh generation
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Fig. 3 Variation of heat transfer coefficient at the ingot-mold interface
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Tab. 2 Numerical simulation schemes
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Fig. 4 Evolution of the temperature fields during the mold filling and solidification processes for scheme 3
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Fig. 5 Evolution of the solid fraction fields during the mold filling and solidification processes for scheme 3
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Fig. 6 Comparison of the Niyama criterion under different pouring temperatures
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Fig. 7 Comparison of the Niyama criterion under different pouring times for ingot body
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Fig. 8 Comparison of the Niyama criterion under different mold preheating temperatures
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Fig. 9 Variation of the distance between the shrinkage cavity in the riser and the ingot top with different process parameters
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