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Fig. 1 Geometric model of the steel ingot
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Tab. 1 Chemical concentration of the steel ingot wg/%
C Si Mn P Cr Ni Mo \Y%
0.11 0.22 1.48 0.008 0.001 2 0.16 0.35 0.01 0.056
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Fig. 2 The relationships of physical property parameters and solidification solid phase fraction of 16Mn steel with temperature
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Fig. 3 Flow chart for the screening of the nodes needed according to

the default numerical value range
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Fig. 7 The temperature field after heating and the temperature field and deformation after heating and forging for the steel ingot
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Numerical Simulation of Overall Casting and Forging Processes for a Steel
Ingot Based on the Inherited Physical Properties

GUAN Shan-han, QIU Hao-yue, SHEN Hou-fa
(School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract:

By using of the convex hull method and the Python language, a screening and reconstruction program for
the shrinkage cavity and shrinkage porosity of steel ingot was developed, and the numerical simulation of
overall casting and forging processes based on the inherited physical properties was realized. The coordinate
nodes meeting the threshold requirements were extracted from the .unv format file of the casting simulation
software, and the geometric entities of the feature regions were reconstructed using the convex hull algorithm,
generating an STL output file readable by the forging simulation software. The numerical simulation results
of casting-forging chain processes indicate that the boundary contours of the shrinkage cavity and shrinkage
porosity regions formed during solidification process remain clear during the deformation process. When the
reduction rate is relatively low (12%), the volume variation rate of the shrinkage cavity and shrinkage porosity
changes little. Whereas when the reduction rate reaches 21.74%, the volume variation rate of the shrinkage
porosity area is greater than 2.7%, enabling the closure of tiny voids.

Key words:
steel ingot; chain process of casting and forging; data transfer; numerical simulation; shrinkage cavity and
shrinkage porosity
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