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A Study on Improvement of Birefringence Characteristics of
Injection-Molded Plastic Parts by Rapid Mold Heating

Keun Park, Byung H. Kim
(Received May 10, 2007)

Abstract
The present work focuses on the prediction of birefringence in injection-molded part and its improvement by rapid
mold heating. To calculate birefringence, flow-induced residual stress is computed through a fully three-dimensional
injection molding analysis. Then the stress-optical law is applied from which the order of birefringence can be evaluated
and visualized. The birefringence patterns are predicted for a rectangular plate with a variation of mold temperature,

which shows that the amount of molecular orientation and birefringence level decreases with an increase of mold
temperature. The effect of mold temperature on the order of birefringence is also studied for a thin-walled rectangular strip,
and the relevant results are compared with experimental measurements. Both predicted and experimental patterns of
birefringence are in agreements on the observation that the birefringence level diminishes significantly when the mold

temperature is raised over the glass transition temperature.
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Table 1 Molding conditions for a rectangular strip

Material PS
Stress-optical coefficient (Pa™) 4.8x% 10"
Transition temperature (°C) 96
Injection temperature (°C) 220
Injection time (sec.) 0.5
Packing time (sec.) 4.5
Cooling time (sec.) 30.0
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Fig. 1 Estimated birefringence patterns obtained from

simulation: (a) single gate and (b) double gates
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Fig. 2 Experimentally measured fringe patterns [5]:

(a) single gate and (b) double gates
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RTR 150C
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Fig. 3 Estimated birefringence patterns at mold
temperature 30°C(Conventional) and 150°C
(RTR 150°C)

Conventional RTR160C

Fig. 4 Comparison of birefringence patterns [3] at
mold temperature 30°C(Conventional) and
150°C (RTR 150C)
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Table 2 Molding conditions for a thin wall strip

Material “PC
Stress-optical coefficient (Pa™) 7.7x 10"
Transition temperature (°C) 150
Injection temperature (°C) 265
Injection time (sec.) 1.0
Packing time (sec.) 4.5
Cooling time (sec.) 20.0
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Fig. S Estimated flow patterns in various mold
temperatures

M5 C 155 C 190 C

Fig. 6 Measured fringe patterns in various mold
temperatures

25C 118C 165 C 180C 228C

Fig. 7 Estimated birefringence distributions in various
mold temperatures
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