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Reducing Separation Force for Projection Stereolithography based on Constrained

Surface Technique
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Projection-based stereolithography is divided into constrained-surface and free-surface type
according to controlling liquid layer. The constrained-surface type has a uniform layer thickness
due to the use of a projection window, which covers the pattern generator such as liquid crystal
display. However, the adhered resin on the projection window causes trouble and requires great
separation force when the cured layer is separated from the window. To minimize the separation
force, we developed a system to measure the separation force. The influence of material covering
the pattern generator and the resin temperature is investigated in the system. Several structures
according to the resin temperature and the velocity of z-axis elevation are compared. As a result,
the fabrication condition to minimize the separation force reduces the process time.
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Table 1 Mixed ratio of resins

Resin Mixed ratio
703 TMPTA, DPHA(7:3),
CHIVACURE 534SS 2wt.%
TMPTA, DPHA(7:3),
T7D3110 CHIVACURE 534SS 2wt.%,IBOA 10wt.%
TMPTA, DPHA(7:3),
T7D3A10 CHIVACURE 534SS 2wt.%, IDA10%
T6D4 TMPTA, DPHA(6:4),
CHIVACURE 534SS 2wt.%

Table 2 Viscosity of resins by temperature

Resi Viscosity( cps )
ST [ 25t [ 30c | 35C [ 40
T7D3 | 5454 | 329.0 | 251.2 | 176.6 | 111.4
T7D3110 | 356.1 | 233.1 | 146.7 | 114.4 | 744
T7D3A10 | 177.8 | 122.1 | 83.1 | 59.8 | 46.9
T6D4 | 708.4 | 474.8 | 321.6 | 219.5 | 157.7
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Fig. 1 Schematic of separation force measurement
system'!
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Fig. 2 Flowchart for measuring the separation force
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Fig. 3 Separation force according to covering material
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Fig. 4 Separation force according to resin temperature
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Fig. 5 Separation force according to z-axis elevation
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Table 3 Fabrication conditions for KING

Table 4 Fabrication conditions for QUEEN

(a) 3D model

b A (B
Fig. 6 Fabrication of KING structure
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Resin name T7D3110 | T7D3110 Resin name T7D3110 | T7D3110
Temperature (C) 15 40 Temperature (C) 15 15
Layer thickness (/m) 50 50 Layer thickness (/m) 50 50
z-axis elevation speed (mm/s) 0.2 0.2 z-axis elevation speed (mm/s) 0.1 0.3
Process time (min) 240 240 Process time (min) 290 190
Unit: mm

(b)A (B
Fig. 7 Fabrication of QUEEN structure

Table 5 Fabrication conditions for QUEEN1

A B
Resin name T7D3110 | T7D3I110
Temperature (C) 40 40
Layer thickness () 50 50
z-axis elevator speed (mm/s) 0.1 0.3
Process time (min) 290 190
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(@)A
Fig. 8 Fabrication of QUEENT structure
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