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Risering of Steel Castings in Vacuum Molding Process
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Abstract

General criteria for the risering design of steel castings and commercial codes for the flow and solidification analysis were used
to design the optimized risering in V-process. Three type of specimens were chosen including thin plates and a thick disc. Sided
riser installed in the front of a plate casting was effective to prevent the shrinkage defects and to increase the casting yield ratio.
Exothermic sleeve and chill were also effective. It was possible to apply the general criteria for the risering design of steel castings
to V-process. Temperature of a mold surface was expected to rise over 1,000°C in the temperature calculation considering radiation
effect of molten metal in the mold. Since weakening temperature of the vinyl used in V-process is about 70°C, it should be empha-
sized that a proper coating of the vinyl film is necessary to prevent the possibility of burning out of the vinyl by the molten metal.

Key words : Vacuum molding process, Risering design, Radiative heat, Vinyl coating.
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(a) Case 1

(b) Case 2

(c) Case 3
Fig. 1. Specimens for analyses.
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(a) Case 1(center risering)

(b) Case 1(front risering)

(d) Case 2

(e) Case 3

Fig. 2. Risering for various cases.
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Table 2. Calculated riser volume.

Casting volume, Riser volume,

Specimen 3 3
A AN FUEEE Yl AN Ak AMgE o o b
=42 3 AW deAF T YFX = Table 33 2o Case 1 151 84
Case 2 912 170
2.3 BAIE 32{5F AlA Case 3 Sleeve ‘ 13,984 3,215
AFFYFEEIE T3 94 428 A5l BES A8 Sleeve + Chill 13,984 2154
Table 1. Calculated modulus of the specimens.
Specimen Castmcgn\l/? lume, Sg;iiic:g?r:;f f Casting modulus, cm Riser r:lrgdulus,
Case 1 151 232 0.65 0.78
Case 2 912 740 12.3 14.8
Case 3 13,984 4,270 3.27 3.93
Table 3. Thermal properties for the flow and solidification analyses.
Property Casting Mold
Thermal conductivity, W/m « °C 25.1 0.63
Density, kg/m® 7,200 1,520
Specific heat, J)kg - °C 753.6 1004.8
Latent heat, J/kg 2.75 x 10° -
Liquidus temp., °C 1,519 -
Solidus temp., °C 1,412 -
Heat transfer coeff,, air-mold 35.17
Wm? + °C casting-mold 1004.8
Lo mold 0.9
Emissivity -
casting 0.3
Stephan-Boltzmann constant, W/m? - °C* 5.67x10°%
Case 1 0.64
Input for flow pouring velocity, m/s Case 2 0.095
analysis Case 3 0.048/0.06
g m/s’ 9.8
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Fig. 3. Simulation model of case 3 specimen to investigate the effect

of radiative heating.
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Fig. 4. Flow behavior during mold filling with time for front risering of case 1 specimen.
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Fig. 5. Flow behavior during mold filling with time for case 2 specimen.
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Fig. 6. Initial movement of molten metal in case 2 specimen.

Fig. 7. Flow behavior during mold filling with time for case 3
specimen.
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Table 4. Solidification time for various specimens.

Fig. 8. Solidification time for case 1 specimen(center risering).
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Specimen Riser Pouring Pouring Solidification

P velocity, cm/sec temp., °C time, sec
center 64 1,600 259.79
Case 1 front 64 1,600 193.94
rear 64 1,600 184.15
Case 2 direct gate 9.5 1,600 667.89
dia. 160 mm 4.8 1,600 4,888

Case 3 1 i
> sleeve dia. 140 mm 6.0 1,600 3,848
+chill
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Fig. 10. Solidification time for case 1 specimen(rear risering).
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Fig. 12. Solidification time(left) and final solidified spot(right) for

case 3 specimen.
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. 13. Cooling curves in various locations for sleeve risering of
case 3 specimen.
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14. Effect of radiation on the surface temperature of the mold.
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15. Surface temperature with time due to the radiative heat of
the molten metal during mold filling.
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