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Rapid Tooling Technology for Producing Functional Prototypes using
Ceramic Shell Investment Casting and Patterns
Produced Directly from ThermolJet 3D Printer
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ABSTRACT

This paper focuses on the development of RT technology suitable for manufacturing a small quantity of metal
prototype of a precise part from an RP master. Dimensional accuracy and surface roughness are evaluated from
Thermojet part of a 3D printer, and effective post-processing method is introduced. Investment casting is done using a
prototype built from 3D printer as a wax pattern. Ceramic shell investment casting technique is developed to build a
prototype with materials mostly wanted. Also, experimental result shows this research is very useful in manufacturing of
a small quantity of functional part or a test part of a specific material.
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Fig. 1 Comparison of general and proposed process
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Fig. 3 Test part for dimensional accuracy
Table 1 Result of measured dimensional accuracy
" |CAD |PartA(mm) |Part B(mm)
Direction |Box | data |Dim. |Error|Dim. Error
(mm)
1 | 2125 | 21.20 [-0.05| 21.24 [-0.01
2 | 42,50 | 4242 1-0.08] 42.47 | 0.03
Length 3 | 63.75 | 63.66 [-0.09| 63.58 |-0.17
4 | 85.00 | 84.86 {-0.14! 84.81 |-0.19
5 [106.25(106.11{-0.14] 105.09 |-0.16
1§ 435 [ 432 [-0.03 4.27 |-0.08
2 ) 870 [ 881 [0.11| B8.85 {0.15
Width 3 13.05 | 12.89 |-0.16| 13.05 |-0.10
4 | 17.40 | 17.21 {-0.19| 17.24 |-0.16
5 | 21.75 | 21.63 |-0.12| 21.65 |-0.10

205

EALS 9A duk RP &A1Y HFAHA & U]
A Zsta ot 22y RP 2 AZHE AAE

o] g5t FE& AFE7] YA AR M 01
HE FAE AFY 89 AAI W9 v ¥
78 §lo] ALg-3t7] ol¥ts HolBE W A4
717 }EF 3D ZTYY Uk EF A4 @
B-Eo] daste HAYFZE AANE Ade o
T+ &k A, B AFdxe 259 A4
FARolg e AAE AHEr] Hd9 Multi-Jet
ModelingMJIM) 2]l Thermolet 3D EHEjol| A
Ard g ez A7E FY¥s9

22 AFFYUT
A&z o dFEES g9 B34S

&7 g0 oj" FZE $£E3 Mo A7A
gt MIM A E 888428 g3 xFolA BA}
oz gx7t 2oWA $E3 W] LA
ol W& HIZE HAPL Fitod FUsAt
HAESEE Fig 3 o] 2 upeh Zo] &, o
9 o7l M2 tE 5 A9 A ALY e Jid B
2lgade Newgor 1 /) AewFer 1 AE
Hj 2 & Rolth Table 1 9lE 2 238 YEbAITH
7tE ek M2 W oid HAs 3A ¥eH
Aoz £E349d. Wby 2AYY 5L 5
g Pl AZESO]HQ £HRAS AAFo

H ZEEY Mde] s Relh

(a) test part for measurement of surface roughness
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Fig. 4 Surface roughness of ThermoJet part
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Table 2 Properties of methyl ethyl ketone remover

Item Value

Molecular formula | CH;CH,COCH;

Boiling point 80°C

Freezing point -86°C

Specific gravity 0.8054

Viscosity 0.4

Solvent Alcohol, acetone, oil etc.
Appearance . no color and no small

Table 3 Surface roughness after post-processing

Measurement Without With MEK
number remover (um) remover (um)
1 2141 5.27
2 6.76 1.37
3 10.27 12.0
4 7.44 4.84
Mean 11.47 5.87
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Table 4 Recipe for first slurry coating

Material Ratio (%)
Powder Alumina 34
Chamotte flour 13.1
Water 273
Hard 55.1
Binder - = fener
Antifoaming agent 0.14
Surface active agent 0.06
Total 100

Table 5 Recipe for second slurry coating

Material Ratio (%)
Alumina 3.67
Powder Chamotte flour 14.65
Chamotte sand Coat over the slurry
Water 29.3
. Hardener 51.28
Binder - -
Antifoaming agent 0.36
Surface active agent 0.73
total 100
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(a) test part of bevel gear
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(b) prototypes built by ThermoJet

Fig. 5 Wax pattern production directly from 3D printer

() support attached surface (b) post-processed surface
with MEK remover
Fig. 6 Post-processing of wax pattern (X100)
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Table 6 Properties of ThermoJet wax
Item Content
Ingredients Hydrocarbon, amide, ester
Appearance Black, gray, neutral color
Odour None
Solubility Not soluble in water
Flash point 250°C
Density 0.975g/mL
Melting range 80~90°C
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Table 7 Production time comparison in a small batch size
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Fig. 7 Slurry coating
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Fig. 8 Casting
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Fig. 9 Comparison of surface
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