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Simulation and Experiment of Laser Melting-Forming for
Polymer Micro Component (PMC)
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Abstract In order to realize molding process of polymer micro component (PMC) with high efficiency and high
precision, the molding method of PMC is presented based on CO; laser positioning irradiation. The software Comsol
is used in the numerical analysis of the temperature of samples, two—dimensional (2D) and three—dimensional (3D)
transient temperature field and distribution of samples are researched, and the influence of laser parameters on
temperature variation is analyzed. The effects of processing parameters on replication quality are investigated via
the development of test device and experiment. The results show that the appropriate laser parameters can meet
the overall sample melting, and the higher the temperature, the better the molding precision; molding pressure is
much lower than these of traditional injection molding and thermoforming. It is demonstrated that the proposed
process is a feasible and effective way to laser melting—molding PMC.
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Fig.1 Schematic of the laser melting molding. (a) Setup; (b) melting and molding; (¢) de—=molding
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Table 1 Parameters of PMMA and steel mold

PMMA sample Steel mold
Thermal conductivity /[(W/(m - K)] 0.19 44.44
Thermal capacity /[J/(kg-K)] 1420 498
Density /(kg/m’) 1190 7850
Glass transition temperature T, /C 105
Flow temperature /C 140
Degradation temperature /C 270
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Fig.3 Minimum temperature and maximum temperature curves
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Fig.4 Three-dimensional temperature field of sample. (a) Irradiation time of 5.2 s; (b) irradiation time of 7.5 s; (c) irradiation time of 10 s
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Fig.5 Temperature distribution of sample on a different thickness planes. (a) Height of 0.01 mm; (b) height of 0.99 mm
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Fig.6 Sample temperature curve with different spot diameters. (a) Spot diameter of 8 mm; (b) spot diameter of 6 mm
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Fig.7 Sample temperature field with different spot diameters. (a) Spot diameter of 8 mm; (b) spot diameter of 6 mm
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Fig.8 Design charts of the part and microstructures Fig.9 Experimental picture of laser melting molding
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Fig.12 Cross—section of the part microstructure. (a) Irradiation time of 5.5 s; (b) irradiation time of 6.5 s; (c) irradiation time of 7.5 s
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Fig.13 Effects of irradiation time on the molding accuracy
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