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Numerical Simulation of Effect of Continuous Casting Process
Parameters on Solidification Structure of 20CrMnTi Gear Steel
150 mm x 150 mm Billet and Production Application
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Abstract In order to improve the solidification structure of steel 20CrMnTi billet, based on the CAFE model in Pro-
CAST software, the solidification structure is numerically simulated, and the effects of different superheat of molten steel,
casting speed of billet and secondary cooling water ratio on the solidification structure are studied. The simulation results
show that with decreasing the superheat of molten steel, and increasing cast speed, and decreasing the specific water a-
mount of secondary cooling can increase the equiaxed grain ratio and refine the grain size of the billet, and the superheat of
molten steel has the most influence on it; the equiaxed grain rate increases by 3. 7% with the decrease of superheat by 10
“C ; the equiaxed grain ratio of the casting billet increases by 1. 8% on average when the cast speed increases by 0. 1 m/
min; and the equiaxed grain ratio of the billet increases by 1. 65% when the specific water amount decreases by 0. 1 L/kg.
Production application shows that with superheat of molten steel 30 °C ,as cast speed decreases from original 2. 2 m/min to
2.1 m/min, secondary cooling specific water amount inceases from 0.6 L/kg to 0.7 L/kg, the billet center porosity ob-
vously decreases.
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Table 1  Chemical Compeosition of simulated 20CrMnTi
steel / %
C Cr S P Si Mn Ti
0.20 1.10 0.020  0.010 0.26 1.00 0.05
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Table 2 Production process parameters of simulated 20CrMnTi steel
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Table 3 Cooling parameters and holding time of simulated
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Table 4 Comparison between simulated and experimental
surface temperature of cast billet

i H THEER/ T BEER/C 3/ %
Kk 1 088 1 068.9 1.76
BT 1 062 1053.6 0.79
T = K A 1 058 1037.8 1.91
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Table 5 Parameters corresponding to main elements in
20CrMnTi steel

g LEIR AR St £ €

Y oS ES 1077
C 0.20 -82.1 0.003 11
Cr 1.10 -1.66 0.911 3.3
Mn 1.00 -5.25 0.716 2.4
Ti 0.05 -13.8 0.269 0.4
Si 0.26 -16.0 0.594 1.4
P 0.01 -29.3 0.262 4.6
S 0.02 -39.8 0. 044 3.5
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Fig.2 Comparison between experimental (a) and simulated (b) equiaxed macro-structure
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Fig.3 Effect of degree of supeheat of molten steel on billet equiaxed zone ratio (a), and grain size and number (b)
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Fig.4 Effect of casting speed on hillet equiaxed zone ratio (a), and grain size and number (b)
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Fig.5 Effect of specific water flow of sacondary cooling on billet equiaxed zone ratio (a) , and grain size and number (b)
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Table 6 Casting parameters of improved and original
process
i/ hird/ ¥ kR
TZ G oA (m+min~') (L-kg™)
i 30 2.1 0.7
RILY 30 2.2 0.6
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