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Die Making and Product Prototype Fabrication in Investment Casting by

SLA Rapid Prototyping Technique

Moon-Sun Park*, Dae-Hwan Kim**, Jeong-Gi Kwak**, Sang-Moon Hwang*** Beom-Soo Kang**

ABSTRACT

In this study. a stereolithography apparatus (SLA) prototype is used as a master model to be transformed
into the silicone pattern by vacuum tool forming. The tool for the first prototype is fabricated by using this
silicone pattern. Following this procedure, a temporary tool with metal powder and epoxy for wax injection is
prepared for the die set of quick change type which consists of upper and lower base dies, and an insert die. The
die set of quick change type appears to be very effective in casting operation by changing tools rapidly. The
original wax pattern is formed through the dic set, and is made of lost-wax. Finally the lost-wax pattern is applied

to investment casting. The final casting product is checked regarding its dimensional accuracy.
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1.3.0 CAD design 2. Rapid Prototyping 3. Silicone Rubber Maid

4. Wax Pattern 5. Pattern Assesmbly 6. Slurry Conting

. Pattern Meltout 4. Metal Pourtng 9. Shakeout

Fig. 1 Investment casting process using master
model

Fig. 2 RP master models by SLA

(a) Catch magazine
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(b) Slide stop
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(¢) Sight rear
Fig. 3 CAD modeling and STL. file

Table 1 building condition of RP model by SLA

SLA-250(3D Systems)
Chord height : 0.0088 mm

Slice thickness :

Machine

0.1 mm

Building condition ) .
Hatching distance : 0.15

_ Hatching spacing : 0.075
Material SL 5170
3. A% wElalol 2 AAEE g MHE

Azt opAERES o] gt deld o
FF 8 (Vacuum Casting)3 A

& vl2~E F38(Master Die)2 THE L 9] u]-z;a
dozRy AFFYPL B REES
Pattern)®] Hu]& 1253 Z W= Fig. 5& vkAH
FHE NHstd wE wAdy Fyor)

:U mi e

(a) Catch magazine (b) Slide stop & sight rear
Fig. 4 Master patterns by vacuum casting

ShAy o 55EF BEFAE ol &8t
AMER S F3& Asted, ol AFRsE A
81 Al/Epoxy, 7% Ni-Fe/Epoxy & AF&3M3it} 12
il Fig. 6& AMEF g JNANFLZE 72 59
A gl A%d FHewd 39S vehdd.

(a) Catch magazine & sight rear

(b) Slide stop

Fig. 5 Reverse pattern by vacuum casting

(b) 7% Ni-Fetepoxy

(a) Al+epoxy
Fig. 6 Insert die

7% Ni-Fe2 22 ojul A83¢
%7} 2000mesho] 31, ©] EZE3} o
o] darwt 23E2E A3
Table 2% 7% Ni-Fe?] 2 FAAEo|o 01
B g{u)s F%4] 90%elt)

Table 2 Composition of 7% Ni-Fe powder

{tem Composition(%)
Ni 7.0
Si 0.20 (max)
C 0.005(max as sintered)
0.2 (case hardened)
Fe balance
NNz 58S ¢Fuwd d8dE AHEste Al
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AQHE HA A% ugddy 59S T + I'able 3 Characteristics of wax used to make wax
o}, pattern
ltems Property
Wax type Filled pattern wax
Filler type Organic
Ring/Ball softening point 158~168 F
- Flow max. 5% at 108 F
min. 80% at 125 'F
ASE Content 0.050% max
(a) Upper base die (b) Lower base die Hardness 6~8 dmm (150 gms Load)
i Color Green
Forms ot supply Flake, Slab, Billet
Maker YATES Msnuf.co.(in U.S.A)
5. Fx& M=
(a) Upper base die  (b) Lower base dic AUTEES A 2R s 25y
with insert with insert Aete 4 Bxyow v F ded B A7l
Fig. 7 Base die with insert die for wax pattern Todete) A Beg g ApREolnh
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(a) Slide stop
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(b) Catch magazine &

wax pattern sight rear wax pattern

(c) wax tree

Fig. 8 Wax pattern

A E(Slurry Coating)

2 A AR detn A EEye WsE
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BEAL WAL Sl FEst YRS
A FA9 e W stee 99, detHo
2 orgstelof siel Al 2% ol¥e] BRAFelE %
%ok £714% FA: &€ AL FTh Table
Pl ATl A8 1, 2 Eefelel 2y

Fig. 9 Wax tree after coating slurry

Table 4 Composition of sturry

ltem Composition of slurry
Filler : Zircone Flour #325
Binder : Colloidal Silica
Wetting Agent : Victawet 12
Ist shurry Antifoam Agent : Antifoam "B"
Ph : 9.0 ~ 100
Viscosity : 40 ~ 50 SEC
Temp : 70 ~ 76°F
Humidity : 60 ~ 65%
Filler : Zircone Flour #325
Binder : Colloidal Silica
Wetting Agent : Victawet 12
2nd slurry Antifoam Agent : Antifoam "B"
Ph : 9.0 ~ 100
Viscosity : 25 ~ 35 SEC
Temp : 70 ~ 76°F
Humidity : 60 ~ 65%
5.3 Et=H A QL &M (Burn-out)

2 2TAHL A7k Autoclave) WA 30
OFE 7tdste seje]l 29 d 42E8 Yo ¢
£ 5o Qlolle AolH olufo] ¥y AIZkE 0%
Amolth. 24 FAL Uy F Tyl BF BE
shs ghrg @Hd WA, TRl EE T
= BAolt o FAANE 23 A 2 57
S b 1140T 9 Aol A dAlgTt Fig. 10
& vlgyiel =AU b,

Fig. 10 Wax tree after de-waxing
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Table 5 Castability rating of investment casting

alloys
Resistance
Fluidity
Alloy Castability {Rating L.“ e Lo
shrinkage .
hot tearing
AISI 302
(stainless 100 1 1 1
steel)
Be Cu C20 100 1 1 1
Aluminum
1 1 1
(356-A356) 100
SUS 304 100 1 1 1
SNCM 420 90 2 2 2

(a) Investment casting part with tree
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Fig. 11 Investment casting part
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Fig. 12 Drawing of slide stop (unit : mm)
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(Measuring locations are shown in Fig.12)
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