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Abstract

Vacuum molding process(V-process) has several benefits such as a lower total production cost and a high quality casting com-
paring to the conventional sand molding. Influence of the gating design on the molten metal flow was investigated in this study.
General criteria for the gating design of the castings and commercial codes for the flow and solidification analysis were used to
attain the optimized gating design in V-process. Though mold cavity was filled smoothly under the low initial velocity of molten
metal, molten metal dashed against the upper part of the mold before the completion of the mold filling with higher initial molten
metal velocity and fell soon. This phenomenon may affect collapsing the mold shape, however it is thought that the possibility of
buming out of the vinyl by the molten metal is not so high because vinyl is coated with refractory material.
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Fig. 1. Geometry of the specimen.
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Table 1. Calculated velocity of the molten metal.
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Table 2. Calculated pouring time.

Casting thickness (cm) Weight(kg) Pouring time(sec)
1.8 2.99 1.62
4 6.65 3.80
6 9.98 6.21

Table 3. Calculated area of the choke.

Castin; . . . Pouring Area of
thick;esgs “g’(lgh t Velocity De“S‘gy timeg the choke
(cm) g)  (cmfsec) (g/emr) (se)  (cmd)
1.8 2.99 56.2 7.5 1.62 4.39
4 6.59 56.3 7.5 3.80 4.55
6 9.89 557 7.5 621 3.84

Table 4. Calculated areas of the pressurized gating system (Gating
ratio 2.4 : 2 : 1).

Sprue height ~ Casting height Effective head Velocity Casting Sprue area Runner area Ingate area
(cm) in the cope (cm)  height (cm) (cmy/sec) thickness (cm) (cm?) (ecm?) (em?)
7.5 1.8 6.6 56.2 1.8 10.54 8.79 4.39
7.5 4 5.5 513 4 10.92 9.10 4.55
9.5 6 6.5 55.7 6 9.23 7.69 3.84
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Table 5. Calculated areas of the non-pressurized gating system.

Table 6. Thermal properties for the flow and solidification analyses.

Gating rati t}(li.asktlilng Sprue area Runner area Ingate area
g ratio ‘(cc m;m (em?) (cm?) (cm?)
1:2:2 1.8 4.39 8.79 8.79
4 4.55 9.10 9.10
6 3.84 7.69 7.69
1:/2:1 1.8 4.39 6.21 439
4 4.55 6.43 4.55
6 3.84 5.44 3.84
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Fig. 2. Measurement of the flowing distance with reduced pressure.
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g. 3. Flowing distance with reduced pressures.

Property Casting Mold
Thermal conductivity
0.285 0.001
(cal/cm -+ s + °C)
Density (g/cm?) 6.846 2.750
Specific heat (cal/°’C) 0.297 0.200
Latent heat (cal/g) 51.352 0
air-mold 0.0014
Heat transfer coeff. air-casting 0.0014
lVem? * s « °C :
(calem” - s - °C) casting-mold 0. 024
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Table 7. Mold filling time for the pressurized and non-pressurized

system.
. . . Casting height Mold filling time
QGating system Gating ratio (cm) (sec)
. 1.8 2.69
Pressurized 5 4511 4 4.99
system
6 7.32
1.8 2.67
1:2:2 4 499
Non ’ 6 7.18
-pressurize
system 1.8 2.33
1:42:1 4 4.75
6 6.89
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Fig. 4. Flow behaviour during the mold filling (Initial velocity of the
molten metal: 23 ecm/s, Pressurized system).
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Fig. 5. Flow behaviour during the mold filling (Initial velocity of the
molten metal: 40 cm/s, Pressurized system).
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Fig. 6. Flow behaviour during the mold filling (Initial velocity of the
molten metal: 50 cm/s, Pressurized system).

Fig. 7. Flow behaviour during the mold filling (Initial velocity of the
molten metal: 70 cm/s, Pressurized system).

Fig. 8. Flow behaviour during the mold filling (Initial velocity of the
molten metal: 200 cm/s, Non-pressurized system).
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After 0.6~0.7sec

l
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Fig. 9. Flow behaviour during the mold filling (Initial velocity of the
molten metal: 240 cm/s, Non-pressurized system).

After 0. 1sec

Fig. 10. Flow behaviour during the mold filling (Initial velocity of
the molten metal: 300 cm/s, Non-pressurized system).
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Table 8. Solidification time for the pressurized and non-pressurized
system.

Casting Solidification Solidificaton

Gating system Gating ratio  height time(I) time(II)
mm sec sec
18 335 275
Pressurized 5 4.2.1 40 562 406
system
60 812 581
18 267 219
1:2:2 40 568 414
Non- 60 820 589
pressurized
system 18 238 176
1:4/2:1 40 562 407
60 808 582
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