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Curing Characteristics for Projection Stereolithography based on LCD and Visible LED
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Stereolithography can be classified into two main categories according to the cross-sectional
shape: scanning type and projection type. Projection stereolithography has significant advantages
when making a layer using a single patterned beam, and results in improved speed and accuracy.
To implement relatively low-cost projection stereolithography, we developed a system using a
commercially available resin, which cures on exposure to visible light. The optimum photoinitiator
was investigated, as well as the mixing ratio. The viscosity, shrinkage, curing depth and tensile
strength were evaluated through several experiments on fabricated three-dimensional structures,
and thus an optimal resin selection system was developed.

Key Words: Visible light resin (7tA| 241 $X|), Projection Stereolithography (HAFAl & X H), Liquid Crystal Device
(LCD), Visible Light Emitting Diode (7HA| 244 LED)
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Control Part

Lamination Part

Fig. 1 Schematic of Scanbeam-SLA system
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Fig. 2 Schematic of photopolymerization test system
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Table 1 Properties of monomers

Monomer name Viscosity Chemical
(cps at 25°C) Structures
0 0
Trimethylolpropane H?Ct/LO ,,O&CH?
Triacrylate 80~120 .
(TMPTA) MO 0 g,
]
Dipentaerythritol chﬂo_ _ OJOLJCHZ
Hexaacrylate 4000~7000 .
(DPHA) ey o
el s]
Isobornyl M Cgﬁa
Acrylate 5~15 0
(IBOA) Q/%Hz

CH__CH,

Lauryl Acrylate 4-8 o, i
(LA) [ o—t—eu=cu,

0 CHs

Isodecyl Acrylate

2~8 N

(IDA) HZC\)LOCH;(CHQ)gCHg)\CHg
2-Phenoxy . I

Ethyl Acrylate 5~15 Cr I“:Q
(PHEA) T

Table 2 Mixing ratio of resin

T7D3 | T7D3 | T7D3 | T7D3

110 L10 | DIO P10
TMPTA 7 7 7 7
DPHA 3 3 3 3
PI(wt. %) 2 2 2 2
IBOAWt.%) | 10 - - -
LA(Wt.%) - 10 - -
IDA(wt.%) - - 10 -
PHEAWt%) | - - - 10
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Table 3 Viscosity at 25 °C

(unit: cps)
T7D3 T7D3 T7D3 T7D3
D31 g L0 | DI0 | PIO
51.1 215.2 142.79 122.14 174.05
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Fig. 3 Model of ASTM D638 specimen
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Fig. 4 Stress-Strain curve

Table 4 Result of tension test

Stress(MPa) Displacement(mm)
T7D3 17.43 2.471
T7D3110 18.2 2.27
T7D3L10 16.2 2.387
T7D3D10 20.5 3.382
T7D3P10 234 2.711
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Table 5 Curing depth according to beam exposure energy

(unit: um)
Resin Beam exposure energy(mJ/cmz)
name 194.4 155.5 116.6 77.6
T7D3 192 170 140 90
T7D3110 180 133 96 55
T7D3L10 190 160 122 60
T7D3D10 178 153 104 65
T7D3P10 195 160 130 69
= T7D3
e T7D3I10
210 A T7D3L10
: T7D3D10 A

cd [mml

—T
148.41316
Emax [mi/enr]

Fig. 5 Curing depth

Table 6 Threshold energy and curing depth of Beer-

Lambert law
E(mJ/em?) D,(um)
T7D3 35.21 111.7
T7D3110 56.59 136.4
T7D3L10 51.82 141.8
T7D3D10 50.00 128.3
T7D3P10 47.57 135.3
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Table 7 Shrinking rate of resin

Resin name Shrinkage ratio(%s)
T7D3 1.245
T7D3110 1.263
T7D3L10 1.026
T7D3D10 0.909
T7D3P10 0.516
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Table 8 Conditions of fabrication process

Resin T7D3, T7D3P10
Layer Thickness(um) 50
Process time(min) 300
Scan speed(mm/sec) 0.825
Dwell time(sec) 5

(unit: mm)

(a) 3Dimension CAD model

(b) Using T7D3

(c) Using T7D3P10

Fig. 6 Fabrication of Rook structure
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