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Numerical Simulation of Shrinkage Cavity Distribution and its Influencing
Factors during Solidification of 303—ton Steel Ingot
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Abstract: Based on the production process of a 16Mn steel 303 t ingot in a domestic plant, a three-dimensional
solidification mathematical model was established by ProCAST software to investigate the effect of the casting temperature,
insulation material and height of the upriser on the shrinkage cavity and solidification time during solidification. The
accuracy of the model was verified by comparing the measured and predicted values of the ingot temperature in the actual
production process and the shrinkage cavity after solidification. In the initial working condition, the liquid steel solidifies
from the bottom and sidewall, and the central liquid phase changes from a "U" shape to a "V" shape and then to a
semioval shape. The solidification time is approximately 54 h. The solidification process of the steel ingot under different
technologies was calculated, and the fitting formula of the shrinkage cavity depth and solidification time was obtained,
which provided a theoretical basis for guiding actual production. The results show that with increasing casting temperature,
the shrinkage cavity depth of the ingot gradually deepens, and the solidification time gradually increases. With the increase
in the thermal conductivity of the thermal insulation material, the shrinkage cavity depth gradually deepens, and the
solidification time gradually decreases. With increasing riser height, the shrinkage cavity depth of the ingot decreases, and
the solidification time increases.
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Fig.1 Diagram of the steel ingot model
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Fig.2 Variation of thermal conductivity of the inner and outer
insulation layer with temperature
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Tab.1 Chemical composition of steel

C Si Mn P S Cr

Ni Mo \Y Al Nb Cu

0.170 0.260 1.210 0.007 0.002 0.200

0.290 0.050 0.006 0.007 0.019 0.050

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(EEEFARN12/2022

O, E 303t MEREIEFAA A REZMEZNEURR

<1053-

3 M GE B S A
Fig.3 Thermophysical parameters of the ingot
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Tab.2 Heat transfer coefficient between contact surfaces

Coefficient of heat
transfer/(W-m?-K™)

Contact surface

Mold-Inner insulation layer 500

Mold-Outer insulation layer 500

Outer insulation layer-Inner insulation layer 400

Ingot-Inner insulation layer 600
Mold-Ingot 1000
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Tab.3 Results of measured temperature™

Time Pointl Point2
Completion of pouring 1147 C 93.1°C
After 1 h 3184 °C 1484 °C
After2 h 386.8 C 1843 C
After3 h 3974°C 222.7°C
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Fig.4 Schematic diagram of shrinkage cavity prediction®"

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



-1054-

FOUNDRY TECHNOLOGY

Vol.43 No.12
Dec. 2022

P 5 1545 20 A I R ik 25 2R
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Fig.6 Comparison of the calculated shrinkage porosity with the
actual shrinkage porosity
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Fig.7 Solid fraction during the solidification process
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Fig.8 The depth of the molten pool at different time
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Fig.9 Shrinkage cavity at different casting temperatures
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Fig.10 Calculation results at different casting temperatures
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Fig.11 Thermal conductivity of different insulation layers
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Fig.12 Shrinkage cavity under different insulation materials
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Fig.13 Calculation results for different insulation materials
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Fig.14 Shrinkage cavity at different heights of the upriser
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