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3l U-shape9] fully bony anchored fixed
detachable design®] YE#E 42 1+2E(Fig. 1)&
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2) Simulation Preparation
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AFE A E#]A-& 381 numerical simulation
software?] MAGMASOFT (Magmasoft Giessereit—
echnologie GmbH, Achen, Germany)Z AH&-83
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el BAd] el Algo] H1 ik, MAGMA- tion(heat transfer)& AH&3t. F2A <] F42 4
SOFTS] o] 24 w7 f3F ARl 213 Navier- Ao FxA 4FE wepx A7 PR &
Strokes equation(fluid flow)3} Fourier equa- HAA 2 £ A3 meshTZF control volume®] 3

Table I. The design of sprue simulated

Sprue design Sprue number Sprue shape Sprue length
A 4 Rectangle* 4mm
B 7 Circle** 4mm
C 7 Circle 2mm
D 7 Cone*™** 2mm
E 1 One unit, 2mm
| D 1 One unit 2mm

* *%

Circular shape radius 2Zmm
Customized sprue former

Rectagular shape 4 X 2mm

***  Circular cone shape radius 3mm

k¥ k%

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.
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olqt}. 2xo W gATLY 2T i H|g
53 MAGMASOFTS} A} gof o &3},

3) FZA A=
a) FgA 2

W8 (Fig D& ARS T 59 299 2412 93

|3D modeling for prosthesis l

I,
_d

‘ Sprue type design l

[

Solidification and mold filling analysis;‘

Decision

1Intraora1 application of prosﬂ:lesis—‘

Fig. 4. Flow diagram of computer aided casting process.

a) Sprue former

o 2o o]F B4 (Fig. 2ttt A€ 93
o] ) ITI octa plastic sleeve pattern(Fig. 3) 6
W& ket S edstsith. control group
ZA AZAA s FRYUFCE YRlo] 7t
Z 4mm, A2 2mm Z°] 4mm< 2 SHAFe <]
ZFUHNE A3 T 1.5mm 8 YA g2z W
EE A8 (Sprue design A). ;
(Fig. 5-a)& AH&-ste] AlZAle] A A HHH
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Bl watgth F2U A Ee FYE8 9302 A
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& 25 A A EA] BIOTAN MG =&
A} (Schiitz Dental GmbH, Germany)E AH&-8 ).
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A, oA 990 cell HFEH o7 6083 AR &
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A 718 ekE27]9 Biotan System (Schiitz
Dental Gmbh, Germany)= AH&- 3t thHIig. 8). F

b) Customized sprue former

Fig. 5. The sprue formers used in this study.
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Fig. 6. The wax pattern before investing.

* SPRUE SHAPE & SIZE

» NUMBER OF SPRUE : 4EA

1:,, “’T&

4) F2A ] H7}t

Udekd o 2 ARgE= Ul AR #97]9} occlusal
film(Kodak insight dental film,size 4, EAST-
MAN KODAK Co.U.S.A) & AH&3F] 2k A
E, Fo] 24 A ARE 29819 1 wire saw
g AH8sle Helg A9 S99 948 53

THe] 32 4% o

+ SPRUE SHAPE & SIZE

« SPRUE SHAPE & SIZE
—

*« NUMBER OF SPRUE : 7EA

4

« SPRUE SHAPE & SIZE
a

o

Distance is based on 13

- section ag -

*CUSTOMIZED SPRUE FORMER
*BASED ON SPRUE SIZE & SH-
APE OF SPRUE DESIGN E

* NUMBER OF SPRUE : 1 solid

e) Sprue design E

f) Sprue design F

Fig. 7. The design of sprue simulated.
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?2) Solidification time
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b) Mold filling process at 25%

f) Mold filling process at 50%

Fig. 9. The mold filling process and
temperature distribution in sprue

design A.

Hnwnnzmnga{

a) Mold filling process at 15%

b) Mold filling process at 20%

-
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g) Mold filling process at 45%

h) Mold filling process at 100%
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f) Mold filling process at 40%

Fig. 10. The mold filling process
and temperature distribution in sprue

design B.
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f) Mold filling process at 35%

Fig. 11. The mold filling process
and temperature distribution in sprue
design C.

h} Mold filling process at 100%

ki)

b) Mold filling process at 20%

oy
Fotedg e T
e & g

d) Mold filling process at 30% e) Mold filling process at 35% f) Mold filling process at 40%

i e
e - - i
= Fig.12. The mold filling process and
b temperature distribution in sprue
o b design D.

g) Mold filling process at 45% h) Mold filling process at 100%
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f) Mold filling process at 40%

Fig.13. The mold filling process and
temperature distribution in sprue
design E.

f) Mold filling process at 50%

Fig.14. The mold filling process
and temperature distribution in
sprue design F.

g) Mold filling process at 85% h) Mold filling process at 100%

429



2. FxHGAL

zHkol A R, Fof| @30jx] F2AE 1t

e % %o o Bl

2) WAL AFAL

F2t A2

A%

ffr

F & Ak F2 Ago] Yehdl.
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He 88 9GRY 4L op|AlFn ofel uhet
Aok 242 Jepith(Fig. 16-a)

Tdy FAME AL FZ2HSHE, FY A F
et A9} 2 Avpet S22 JehA ¥t
ou Fx %07 o4lo] He wiAg 2350

TR A Fabo] HYth (Fig. 16-

a) Sprue design A

b) Sprue design B

FoUTIME

SOLTIHE
191

d) Sprue design D

e) Sprue design E

f) Sprue design F

Fig. 15. The solidification time of the sprue designs.
a), b), ¢)The hot spot shows on the center of the casting body. d) The hot spot slightly moves
toward the sprue. e), f) The hot spot moves outside of the casting body and onto the sprues.

a) Sprue design A

Fig.16. Radiographic examinations.

Sprue design E

¢) Sprue design F

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.
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a) Sprue design F

b) Sprue design A

¢) 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.

¢) Gas entrapment shows on the vent.
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AFE A EFHolA Z2a¥W(Magmasoft
Giessereitechnologie GmbH, Germany)22 X
do] FxIg e Al ol 3ttt shetd] garg
U-shape®] YEHE 45 Hely 225& 7H 81
3D 29 3t} Sprue design A(Z o] 4mme] 7}
2 4mm A2 2mm¢Sl AAE 479 FJAE 2
£ %), Sprue design B(Z°] 4mm, 93, ¥4 &
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ABSTRACT

COMPUTER-AIDED CASTING DESIGN FOR IMPLANT
TITANIUM SUPERSTRUCTURES

Se-Wook Oh, D.D.S., M.S.D., Ho-Yong Lee, D.D.S., M.S.D., Ph.D,,
Keun-Woo Lee, D.D.S., M.S.D., Ph.D,, Jun-Sung Shim, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Yonse: University

Statement of problem : It is difficult to obtain a good titanium casting body using the tra-
ditional sprue design because of high melting point of Ti, and the low fluidity and high reactiv-
ity of molten Ti.

Purpose : 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
(essereitechnologie GmbH, Achen, Germany) was used to optimize sprue design in U-shaped
implant superstructures.

Material and method : Five kinds of sprue were examined for the design of the sprue for-
mer 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 exam-
ined for the design of the customized sprue former in the Biotan system(Schutz 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 predicted defects were compared with the
experimental dental castings by the radiographic and sectional view observations.

Results :

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 cast-
ing 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.
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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.

Conclusion : 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 opti-
mize casting design, in order to reduce the formation of casting defects in implant titanium super-
structures. i

Key words : Computer simulation, Casting defect, Titanium, Mold filling, Solidification, Sprue design
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