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Abstract

Previous studies by the sponsor of this study showed critical injection molding
problems during the plastic product testing with the customers, which lead to few days
delay for each testing. The most prominent problem was the so-called unfilled-sections
defect, where parts of the mold were not completely filled by PLA. This problem is
associated with the flowing of molten plastic from injection part to fill in the desired
shape of mold. Hence, in order to enhance the sponsor’s capability in plastic product
testing with the customers and to better understand the melt temperature effect on PLA
flow behavior in mold filling stage, the feasibility study of numerical simulation of
biodegradable plastic (PLA) flow behavior in injection molding was demonstrated by
using the finite volume method which is provided in the computational fluid dynamics
(CFD) package, ANSYS CFX. The different melt temperatures, 175, 190 and 230°C,
were used in the simulation to verify their effects on viscosity, shear rate and flow
characteristic of PLA in mold filling stage as well. The numerical simulation showed
that viscosity of plastic decreases with increasing in melt temperature while viscosity
decreases with increasing shear rate. Furthermore, the flow front at temperature of 230
°C was distinctly faster than 190 °C and 175 °C which were in agreement with the filled
up time. The filled up time at 230 °C was less than 190 °C and 175 °C which were 1.7,
2.6 and 3.0 seconds, respectively. Moreover, the cooling effect of mold wall tends to be
effective on plastic temperature that the coldest plastic layer is formed near the mold
wall and the plastic was hottest at center of mold cavity. Additionally, all cases showed
the same pattern of pressure distribution along the flow front during filling stage which
pressure decreases along the flow length toward the polymer melt front. However, the
pressure from simulation results was not realistically precise, due to the lack of some
important parameters of PLA. Furthermore, each simulation employed approximately 3
weeks for calculation time which may be unacceptable. As a result, it can be concluded
that this numerical simulation of PLA flow behavior on filling stage of injection
molding might be used only as the preliminary numerical simulation but it was not
adequate to apply it as the prediction model in routine applications.
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