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Abstract

Molten metal flow in vacuum die casting was characterized by a numerical analysis. The VOF method was used to simulate the
filling behaviors of molten metal during filling process. The various vacuum degrees of no vacuum(760 mmHg), 650, 500, 250 and
60mmHg were artificially applied in cavity. And the filling behaviors of molten metal with the applied vacuum conditions were
simulated and compared with those of experiment. The results showed that molten metal was partially filled into cavity when vac-
uum was applied and the filling length of molten metal in cavity was increased with increasing applied reduced pressure in cavity.
Also, the simulated filling behaviors of molten metal were apparently similar to those of experiment, indicating the numerical anal-
ysis developed in this study was highly effective. Through the result of fluid flow simulation, both relation equations of filling
length and filling velocity with the variation of pressure conditions in cavity were calculated respectively and the internal gas con-
tents of casting was significantly reduced by the modification of vacuum gate system.

Key words : Vacuum die casting, Vacuum degree, Vacuum reduced pressure, Gas contents, Vacuum gate system, Fluid flow simulation,
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Shut off valve
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(Final filling arca)
4

Final filling area
Sensor A

Boss area
Gate area ( )

Injection direction Reaction shaft support

(eross sectional view)

<Castingdesign> <Sensor position (8ea)>

Fig. 1. Casting model of reaction shaft support.

Table 1. Boundary condition for simulation of vacuum diecasting
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Fig. 2. Schematic drawing of experimental equipment with shut-off
valve system.

. Vacuum 760, 650, 500, 250, 60 mmHg
vacuum valve condition -
~ Diameter D40
Low speed pressure 15.4 kPa
Hi d 2400 kP:
Plunger tip condition igh Sp?? pr?ssme 2
Transition time 0.22 sec
Transition position 240 mm
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Table 2. Experimental Condition.
Classification Condition

Material JIS ADC12

Mold J1S SKD61 — 1

Pouring temperature 670°C ) ‘_V“E L " Foree

Mold temperature 180°C (F R I T ™

Casting pressure 100 MPa (&) Before staring of Ty

Tip diameter (Ds) @80 ~N W oE

Low velocity (V1) 0.2 m/s s L: ; —

High velocity (Vi) 2.5 m/s (b) Before high velocity filling + after vacumm adoption

Length of shot sleeve (Ls) 670 mm 4 e

Length of vacuum adoption (Ly.on) 90 mm —

Length of high velocity (L) 120 mm (o) Aftr high velocity illng

Thickness of biscuit (Lg) 30 mm
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T EEUH: 107°Pa)S o]R-3l] HZ A oA Zﬂ“ s &8
AFVEA o) Tk Bk H &8 F2¥e o8 3 AHZER W DE
st
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@ |

(b)

No Vacuum
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Fig. 3. (a) Calculated and (b) experimental molten metal behaviors with the variation of vacuum degree in cavity (before high velocity filling).
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Fig. 4. Filling length versus applied reduced pressure in cavity.

No vacuum| | 650 mmHg | | 500 mmMg 250 mmHg 60 mmHg

Fig. 5. Behaviors of molten metal in shot sleeve with the variation
of vacuum degree in cavity.
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Fig. 6. Variation of filling velocity with vacuum degree in cavity
(Boss area : sensor A(Figl)).

Table 3. Dependance of filling length of the molten metal on the applied reduced pressure in cavity.

Curve fitting A B,
a) Filling length (simulation) Linear regression 58.07£2.630 0.15%0.006
b) Filling length (experimental) (Y =A+B*X) 7620+9.169 0.15+0.023
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Fig. 7. Variation of filling velocity with vacuum degree in cavity
(Final filling area: sensor B (Fig.1)).
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Fig. 8. Variation of max. filling velocity with applied reduced
pressure(Sensor A, Sensor B).
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60 mmHg?! 73-¢ollxie] 88e] FH Azl gk sy @4’*

Filling Time
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b) 50% Filled
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Fig. 9. Filling behaviors of molten metal under the vacuum degree
of 60 mmHg in cavity.

(a) before modification (b) after modification

Fig. 10. Modification of vacuum gate system under the vacuum
degree of 60 mmHg in cavity.
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Table 4. Dependance of velocity variation of the boss area and final filling area on the applied reduced pressure in cavity
Curve fitting A, B,
a) Velocity (boss area) linear regression 287.18+27.63 0.195£0.069
b)Velocity(final filling area) (Y= A+ B*X) 2553.64+£234.75 2.371+0.585
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