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Variations of Form Accuracy in the Process of Metal Cast Prototyping
using Rapid prototype, Vacuum casting and Ceramic Mold

Gi Dae Kim*

ABSTRACT

In metal casting process, it is very difficult to predict the form accuracy of cast part and reduce repeatability error. In
this study, the variations of form accuracy were measured in the process of metal cast prototyping, where RP part is
manufactured from CAD model in the first, and then, wax part is cast in the vacuum environment using the RP part as
master model, and finally metal prototype is cast using ceramic mold and the wax part as pattern. To investigate the
variations of form accuracy, the averages and standard deviations of error distribution of the parts measured by 3D
scanner were compared. It was observed that the biggest shrinkage is generated during the extraction of wax part in the
second step and the biggest deterioration of form accuracy is generated during the metal part casting in the last step.
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Fig. 2 Procedure of metal cast prototyping
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Fig. 3 CAD model of test specimens

Table 1 Dimension of test specimen

Size Volume

(xx yxz[mm’]) [mm’]

Part (1) 67.7%x110.2%X152.2 56,504
Part (11) 343X97.2X121.2 25,987

Eq2ad &2 dEE AAA D A4 *ﬂa’r
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133

g2y FHE FYINA FEH AAESE FRI
Atk Z FAHAA ALE-E AH|9 AEE Table 2
<} 3o JERARIC

Fig. 4 © CAD REHERE &AFoR A3
T4 B AFEES VY Aoy, g2

Table 2 Experimental apparatus

Apparatus
(Maker) Purpose

Stereolithography SLA5000 Manufacturing of
RP machine (3D systems) RP pattern

Vacuum casting MCP 5/04 Manufacturing of
machine (MCP) wax pattern
Metal cast MPA300 Meta cast
machine (MCP) prototyping

3D digitizer cloovz . Non-contact 3 .
(Steinbichler)  dimensional scanning

Table 3 Materials used in experiments

Materials Trade name Purpose
Epoxy resin Somos11120 Pattern for
vacuum casting
Silicon VTV750 Mold fOT.
vacuum casting
Wax WA70 Pattern fgr
metal casting
Ceramic EBMI+EBMI-LP Mold for
metal casting

Wax

Fig. 4 Photograph of RP part, wax part and metal cast
prototype of part (1)

Metal
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Fig. 6(b) Error distribution of wax part from RP pattern
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Fig. 7(b) Error distribution of metal cast part from CAD
model (part (1))
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Fig. 9 Averages and standard deviations of error
distributions in the process of metal cast

prototyping

5.4

JF718 F2 BEL CAD 2d¥sn F=y

136

wae A&xy Fu|g ol §std RP FEL A
Z8ti a3, ol§ vtaE BEEE 4 JFFY F
oz &2 HEL FRIAYY 28En g2 F
L€ oz ogdtd A2ty =& AFsn
dFuE 35 AAES 4SS WAS 3 A
4 274U g o839 7 FF <dAER 211’-‘}%
FEES A5 A dolH T& ey oF
& HaF dAE Fol(22hHE fﬁi‘ﬁr EF 2

ate} ¥istE @A A, F A DAL RP H
HozHe &2 RES F2T 4 4 WUy &
= gz Ag £Fo] M IA 24T, vt

2 @A g2 medoz i E 35 *M]?E T
2% o FRAHQ A viygoz g ¢ Y
= A3 2A dAsaer, F2 3 A%

AYESEE AR o7 rAsS ¥4 FUE
A3 gage A
Hoes

1. Ahn, D. G and Yang, D. Y., “Principle of Rapid
Prototyping and its Trends,” Journal of the KSPE, Vol.
22, No. 10, pp. 7-16, 2005.

2. Im, Y. G, Chung, S. I. and Jeong, H. D,
“Development of Investment Casting Technique using
R/P Master Model,” Journal of the KSPE, Vol. 16, No.
6, pp. 52-57, 1999.

3. Jeong, H. D. and Kim, H. Y., “Development of Rapid
Tooling using Investment Casting & R/P Master
Model,” Journal of Korean Foundrymen’s Society, Vol.
20, No. 5, pp. 48-53, 2000.

4, Choi, S. R, Kim, C. K., Park, K. and Oh, C. H,
“Development of Precision Casting Technology for
Inlet Gear Box using Selective Laser Sintering,”
Journal of KSMTE, Vol. 9, No. 1, pp. 30-37, 2000.

5. Kim, G D., “Technology of Rapid Prototyping,
Vacuum Casting, and Metal Cast Prototyping,”
Journal of KSMTE, Vol. 15, No. 2, pp. 17-21, 2006.

6. Chung, S., Im, Y., Jeong, H., Jeong, D., Cho, K., Lee,
S., Choi, B. and Choi, H., “Rapid fabrication of
aluminum shoe mold using vacuum sealed casting
process,” Journal of Materials Processing Technology,
Vol. 142, No. 2, pp. 326-333, 2003.

7. Kim, H. C,, Lee, S. and Lee, S. H., “Rapid Tooling
Technology for Producing Functional Prototypes



A0 AL TGYR] A4 P A6 x

using Ceramic Shell Investment Casting and Patterns
Produced Directly from Thermo-Jet 3D Printer,”
Journal of the KSPE, Vol. 23, No. 8, pp. 203-210,
2006.

. Kim, G D. and Kim, J. Y., “Benchmark Study on
Surface Roughness and Mechanical Properties of
Rapid Prototypes,” Transactions of KSMTE, Vol. 15,
No. 4, pp. 56-62, 2006.

137



