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Development of the Simulated Die Casting Process by
using Rapid Prototyping

K.D. Kim* and D.Y. Yang**

Abstract

The simulated die-casting process in which the traditional plaster casting process is combined with
Rapid Prototyping technology is being used to produce Al Mg, and Zn die-casting prototypes. Unlike in
the die-casting process, molten metal in the conventional plaster casting process is fed via a gravity pour
into a mold and the mold does not cool as quickly as a die-casting mold. The plaster castings have
much larger and grosser grain structure as compared as the die-castings and the thin walls of the plaster
mold cavity may not be completely filled. Because of lower mechanical properties induced by the large
grain structure and incomplete filling, the conventional plaster casting process is not suitable for the trial
die-casting process. In this work, an enhanced trial die-casting process has been developed in which
molten metal in the plaster mold cavity is vibrated and pressurized simultaneously. Patterns for the
casting are made by Rapid Prototyping technologies and then plaster molds, which have runner system,
are made using these patterns. Imparted pressurized vibration to molten metal has made grain structure
of castings much finer and improved fluidity of the molten metal enough to obtain complete filling at thin
walls which can not be filled in the conventional plaster casting process.
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Fig. 1 Change in free energy during formation
of cubicl nucleus in a melt
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" Fig. 2 Dimesions of cavity

(a) without vibration (b)with vibration

Fig. 3 Microstructures of specimens
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(a)Wedge shape of a cavity (b) wlo vib. w/ vib

Fig. 4 Result of the filling test:wedge shape

(2)Coil shape of a cavity

(b) w/o vib. wivib.

Fig. 5 Result of the filling test:coil shape
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Fig. 6 The flow chart of the trial die casting
process
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Fig. 7 Apparatus for casting with pressurized vibration
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Fig. 8 (a) Prototyping produced by conventional
plaster casting process

Fig. 8 (b) Prototype prodeced by plaster casting
~ process with pressurized vibration
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Fig. 9 (a) Microstructure of specimens made by
conv_entional plaster casting process

Fig. 9 (b) microstructure of specimen made by plaster
casting process with pressurized vibration
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Fig. 10 Pressurized vibration casting machine
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Fig. 11 The procedure of pressurized vibration casting
process
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Table 1 Comparison of experimental condition

Process| Preliminary | Developed
Condition Experiment| Casting
Frequency(Hz) 15 30
Max.
. 05 0.3
Amplitude{mm)
Injecti ed
njection spe 50 300
(mm/s)
Ejection Time(min) 5 1
Mold Temp.(C) 300 200

Table 2 Comparison of surface roughness

Precess Die Preliminary | Developed
Casting |Experiment| Casting
Location ‘ Ra(um) Ra(um) Ra(um)
@ 1.63 3.8 1.09
@ 3.23 492 157
® 0.07 490 0.94
@ 2.66 3.27 143

185

Fig. 12 Location of specimens for micro-examination @)-
©;Location of area for surface roughness
measu rement (D-@

Table 2014$} o] M2 A AR AlZE
o] BH A7V 71EY AR &gt A&l b))
BEo] Fit trolAag AE] AA7Y ZHEE Kol
I Uk olst Z& AAY|Y e He EE 2R
o osix AFe] BHARE WA §17b HAx

ol N FE &§ F&ol A AHA WHEA LA

€ 7|27 43 =9 3ES Tl WEH] Boe

Ero Foz wAyst W A7 4 UT

Table 3 Comparison of grain size

Precess Casting |Preliminary | Developed
w/0 vib. | Experiment| Casting
) Diameter | Diameter | Diameter
Location (umn) (um) (um)
@ 400 200 60
® 300 100 50
© 300 130 70

Table 4 Comparison of surface hardness

Precess| Casting |Preliminary |Developed
w/o vib. |Experiment| Casting
Location Re Re Re
® 28 30 355
® 29.5 315 37
© 27 305 36
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Fig. 13 (a) Microstructure of prototype made by
preliminary experiment

Fig. 13 (b) Microstructure of prototype made by
developed casting
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