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Table I. The design of sprue simulated

Sprue design

Sprue number

Sprue shape

Sprue length

A

Fosesex

4

Rectangle ™
Circle™*
Circle

Cone™***

One unit

One unit

4mm

4mm

2mm

2mm

2mm

2mm

kokosksk

Rectagular shape 4X2mm

Circular shape

Circular cone shape radius 3mm

Customized sprue former

radius 2mm



a) Wire frame model b) Render model

Fig.1. 3D model for the sample casting of implant prosthesis.

Fig. 2. Silicone mold for wax pattern. Fig.3. ITI octa plastic sleeve patterns.



3D modeling for prosthesis

Sprue type design

Solhdification and mold filing analysis

No
Decision

Yes

Casting the prosthesis

l

No

Decision

Yes

Intraoral application of prosthesis

Fig. 4. Flow diagram of computer aided casting

process.



a) Sprue former b) Customized sprue former

Fig.5 The sprue formers used in this study.

Fig.6. The wax pattern before investing.
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« SPRUE SHAPE & SIEZE

* NUMBER OF SPRUE : 4EA

a) Sprue design A

= SPRUE SHAPE & SIZE

« NUMBER OF SPRLUE : 7EA

b) Sprue design B

* SPRUE SHAPE & SIZE
ﬁ,/

+ NUMBER OF SPRUE : TEA

c) Sprue design C

Fig. 7. The design of sprue simulated.
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* SPRUE SHAPE & SIZE

« NUMBER OF SPRUE : 7TEA

d) Sprue design D

* SPRUE SHAPE & SIEZE

Distano S basad on 12

k4

g - westenan -

e) Sprue design E

«CUSTOMIZED SPRUE FORMER
*BASED ON SPRUE 51ZE & SH-
APE OF SPRUE DESIGN E

* NUMBER OF SPRUE : 1 salid

f) Sprue design F

Fig. 7. - continued -
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Fig. 8. Biotan casting machine.
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Pifisesidiiedi i{

a) Mold filling process at 15%

|

uiuununili;{

d) Mold filling process at 40%

b) Mold filling process at 25%

c) Mold filling process at 30%

uluuruuniﬁ

 FEddiERREEEGAERG 11

Fig.9. The mold filling process and temperature distribution in sprue design A.
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e) Mold filling process at 45%

gafinEfdasaEgifi 11

g) Mold filling process at 75%

Fig. 9 - continued -

f) Mold filling process at 50%

h) Mold filling process at 100%

18
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e o
/ ._ o .
Wﬁ o mtl E =
! | | an 1
a) Mold filling process at 15% b) Mold filling process at 20%
= -
- -
o -
L -
. s

¢) Mold filling process at 25% d) Mold filling process at 30%

Fig.10 The mold filling process and temperature distribution in sprue design B.
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e) Mold filling process at 35%

g) Mold filling process at 45%

Fig.10 - continued -
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f) Mold filling process at 40%

h) Mold filling process at 100%
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1
4

e || o
a) Mold filling process at 10% b) Mold filling process at 15%
e -
| ||
ot L[5
- : ﬂ*ﬂ I:
c) Mold filling process at 20% d) Mold filling process at 25%

Fig.11 The mold filling process and temperature distribution in sprue design C.
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e) Mold filling process at 30%

1

(ERAE R RS AN RN Ii

g) Mold filling process at 40%

Fig.11. —-continued -
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f) Mold filling process at 35%

h) Mold filling process at 100%
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e -
7 s 7]
i f
a) Mold filling process at 15% b) Mold filling process at 20%
-
| |
{4 i
L f
c) Mold filling process at 25% d) Mold filling process at 30%

Fig.12. The mold filling process and temperature distribution in sprue design D.
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e) Mold filling process at 35% f) Mold filling process at 40%

Lr,
I'|H

I8
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ER I ER R RERER

g) Mold filling process at 45% h) Mold filling process at 100%

Fig. 12. - continued -
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1 : -
a) Mold filling process at 10% b) Mold filling process at 15%
- -
-
| -
| —

c) Mold filling process at 20% d) Mold filling process at 30%

Fig.13 The mold filling process and temperature distribution in sprue design E.
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e) Mold filling process at 35%

g) Mold filling process at 45%

Fig. 13 - continued -
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f) Mold filling process at 40%

h) Mold filling process at 100%
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a) Mold filling process at 10% b) Mold filling process at 15%

¢) Mold filling process at 20% d) Mold filling process at 25%

Fig.14 The mold filling process and temperature distribution in sprue design F.
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e) Mold filling process at 30%

iiiiiiiiiij#

g) Mold filling process at 85%

Fig.14 —continued -
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f) Mold filling process at 50%

h) Mold filling process at 100%
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£l

a) Sprue design A

g

c) Sprue design C

4

e) Sprue design E

b) Sprue design B

5

d) Sprue design D

$

f) Sprue design F

Fig.15. The solidification time of the sprue designs. a),b),c)The hot spot shows

on the center of the

casting body. d) The hot spot slightly moves toward the

sprue. e), ) The hot spot moves outside of the casting body and onto the

sprues.
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a) Sprue design A b) Sprue design E

c) Sprue design F

Fig.16. Radiographic examinations.
a) The several defects are shown on Sprue design A casting body.

b,c) The defect is not shown on Sprue design E, F casting bodies.

30



a) Sprue design F b) Sprue design A

c) Cross sectional view of vent

Fig.17. Cross sectional view of experimental casting bodies.
a) Sprue design F shows shrinkage porosity on casting body.
b) Sprue design A shows gas entrapment on casting body.

c) Gas entrapment shows on the vent.
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ABSTRACT

Computer-aided casting design for implant titanium

superstructures

Se-Wook Oh, D.D.S.,M.S.D.
Department of Dentistry, The Graduate School, Yonsei
University

(Directed by Professor Ho-Yong Lee, D.D.S.,M.S.D.,Ph.D.)

It is difficult to obtain a good titanium casting body using the traditional
sprue design because of high melting point of Ti, and the low fluidity and
high reactivity of molten Ti. A new sprue design for titanium casting bodies
needs more trial and error. In order to decrease the number of trial and
error, computer simulation(MAGMASOFT, Magmasoft Giessereitechnologie
GmbH, Achen, Germany) was used to optimize sprue design in U-shaped
implant superstructures. Five kinds of sprue were examined for the design
of the sprue former for titanium casting: Sprue design A(sprue length 4 mm,
rectangular shape, 4 sprues), Sprue design B(sprue length 4 mm, round
shape, radius 2 mm, 7 sprues), Sprue design C (sprue length 2 mm, round
shape, radius 2 mm, 7 sprues), Sprue design D (sprue length 2 mm, cone
shape, large radius 3mm, small radius 2mm, 7 sprues), and Sprue design E(
sprue length 2 mm, one unit channel shape). Sprue design F(sprue length
2mm, one unit channel shape) was also examined for the design of the
customized sprue former in the Biotan system(Schiitz Dental Gmbh,
Germany).

The casting bodies were taken in Sprue design A, Sprue design D, Sprue

design E, and Sprue design F in the Biotan casting system. The numerically
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predicted defects were compared with the experimental dental castings by
the radiographic and sectional view observations.

The results obtained in the present study are as follows.

1. According to the result of computer simulation, turbulence during mold
filling was decreased in the sequence of Sprue design F, Sprue design E,
Sprue design D, Sprue design C, Sprue design B, and Sprue design A.

2. The calculated solidification time contours indicate that hot spot was
moved from the casting body to the sprue button in the sequence of
Sprue design A, Sprue design B, Sprue design C, Sprue design D, and
Sprue design E. The filling pattern of Sprue design F was similar to that
of Sprue design E.

3. The predicted filling pattern shows that less turbulence was found in the
customized sprue former than in the standard sprue former.

4. According to the results of the radiographic and cross sectional
observations, casting defects less than 1mm were found at the center of a
casting body with Sprue design E and Sprue design F. However, larger
casting defects of 4mm were found in a casting with Sprue design A.

5. The predicted casting porosity was similar to that of the real casting.

In reference to the results mentioned above, it can be concluded that one
unit channel-type and customized sprue former can be recommended.
Further research and development of various sprue designs using computer
simulation is necessary to optimize casting design, in order to reduce the

formation of casting defects in implant titanium superstructures.

Key words : computer simulation, casting defect, titanium, mold filling,

solidification, sprue design
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