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Abstract: A three-dimensional model of a 50kg P20 steel ingot was established using Pro/E. The
temperature field and microstructure of the ingot during solidification were simulated using
ProCAST software. Based on the simulation results of Niyama criterion in the temperature field, the
distribution of shrinkage porosity and shrinkage porosity defects is predicted; Based on the
microstructure simulation results, the proportion of axial crystal layer in ingot microstructure was
predicted. The simulation results were verified and further studied through physical experiments
such as low magnification, metallography, and energy spectrum. The experimental results show that
the shrinkage cavities of steel ingots are concentrated at the cap, and the center of the ingot is prone
to shrinkage porosity; The proportion of axial crystal layer in ingot structure is 1/6; It is suspected
that MnS is produced at the shrinkage cavity and porosity in the ingot, and the inclusions are mainly

composed of high content of elements such as Si, Al, Ca, and O.
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Tab.1 Chemical composition table of P20 steel
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Fig.1 50kg test ingot size diagram
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Fig.2 Schematic diagram of 50kg test ingot structure
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Tab.2 Heat transfer condition parameters between structures of

50kg test ingots

) AR ey HREH
1 EE S KA COINC h=300
2 e 5 EERE COINC h=1000
3 MEERLSE N COINC h=200
4 WMEEH5E O COINC h=200
5 B M5 Kk #57) COINC h=100
3ERS5HR

3.1 ERPEFUN SIIIE

N T RSN BE A FL R A S R A AR L, R
ProCAST 4[] Cut Off Zhig, FEHL T FLEER KT
10% A FLAR LS 3, Wil 3 Fros. [RIEF, $EH
TAMBE Niyama FIHEBANEE IR, R RWEERZ X
TERATINE, AR RNEE O IR R E N
20mm [¥][X 35k, JFi% e Niyama FI4E 3-SR, A
SR 4 iR



)
AFC

B 17 BIEMEBESIN
THE 17™ ASIAN FOUNDRY CONGRESS

1 SHReEE
Part 1: Cast Iron and Cast Steel Technology

Total Shrinkage Porosity [%]

100.00

9333
0667 [
80.00

7333

66.67

60.00

6333

46.67

40.00

3333

26.67

20.00

1333

B.67 y
0.00 4

B 3 Mg TR S5

Fig.3 Results of shrinkage porosity of steel ingot
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Fig.4 Simulation results of Niyama Criterion for Ingot
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Fig.5 Simulation results of microstructure of ingot
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Fig.6 Ingot grain orientation deviation
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Fig.7 Low magnification test results
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Fig.8 Schematic diagram of the position of the energy spectrum
sample
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Fig.9 Energy spectrum test results of ingot body
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Fig.10 Experimental results of energy spectrum at riser
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