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Prediction of Photopolymer Solidification for Inclined Laser Beam Exposure
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It has been reported that the photopolymer solidification in the stereolithogrpahy process is
mainly depend on the laser exposure conditions such as laser power and scanning speed.
However, these researches were focused on the vertical laser exposure onto the surface of the
photopolymer. in this research, we developed a mathematical model for the photopolymer
solidification under the inclined laser beam exposure. Using the developed mathematical model,
the photopolymer solidifications were simulated varying inclined laser exposure conditions.
Developed mathematical model was in good agreement with the experimental resulf. This
research can be applied to improve the surface roughness in the stereolithogrpahy process.
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DP = Peneiration depth of the photopolymer at given
wavelength

EC = Critical exposure of the photopolymer at given
wavelength

HO = Maximum irradiance of the laser beam

PL = Power of the laser beam

6 = Incidence angle of the laser beam

VS = Scanning speed of the laser beam

w0 = Gaussian half width of laser beam

x and y = Distances from the beam axis on a surface
where z is constant

y0 = Vertical length from the beam axis to the random
point

z = Depth from the surface of the photopolymer
z0 = Distance of line parallel to the beam axis from the
resin surface to the random point
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Fig. 1 Vertical exposure of the laser beam on the surface
of the photopolymer
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Fig. 2 Inclined exposure of the laser beam on the surface
of the photopolymer
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Fig. 3 Schematic drawing for refractive index
measurement
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Table 1 Simulation parameters

Parameter Value
P (uW) 100
wo(lim) 250
Vg(mm/min) 1.8
Ec(m)/em?) 11.5
Dp(mm) 0.14
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Fig. 4 Photopolymer solidification simulation results for
incidence angle 6=0"and 45°
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Fig. 5 Photopolymer solidification simulation results for
incidence angle 6 = 0" ~60" with step size 20°
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Fig. 6 Schematic drawing of experiment apparatus for
inclined laser beam exposure
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Fig. 7 Experiment result; (a) 6=0° (b) 6=45°
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