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Abstract: Residual stresses are developed during injection molding process and these cause a warpage and invoke a bire-
fringence in a molded article. The levels of residual stresses are dependent of molding conditions, such as melt tem-
perature, mold temperature, cooling condition, and packing condition. Among the residual stress measurement methods,
the photoelasticity method is simple and convenience to measure compared with other methods. However this method
can be utilized only for a transparent product. Birefringence and residual stress have been observed in injection molded
polycarbonate (PC), polystyrene (PS), and polymethylmethacrylate (PMMA) specimens according to injection molding
conditions. Computer simulation has been performed and compared with experimental observation of birefringence. PS
specimen showed the highest birefringence whereas PMMA showed the lowest birefringence among them. Locations
close to the gate showed higher residual stress than locations far from the gate. Long cooling time, high injection tem-
perature, and long packing time reduced residual stress.
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Figure 1. Experimental model.

Table 1. Three Transparent Resins

Resin PC PS PMMA
Supplier ~ Sam Yang Co. LG Chemical LG MMA
Grade  TRIREX 3022IR  GPPS 15NF LGMMA IF850
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Melting temperature

Cooling time Packing time

Resin ©C) (sec) (sec)
PC 270 282 295 11 15 1 2
PS 210 25 240 11 15 | 2
PMMA 200 220 17 » 1
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Figure 2. Injection speed profile according to stroke: (a) PC; (b) PS;
(c) PMMA.
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Figure 4. Short-shot experiment and simulation melt front for the
injection molding of PS: (a) experiment; (b) simulation.
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(b) (c)

Figure 5. Birefringence patterns in injection molded specimens: (a)
PC; (b) PS; (c) PMMA.

(a)

Figure 6. Optical characteristics of PC specimen: (a) birefringence
by simulation; (b) fringed pattern by simulation; (c) birefringence
by photoelastic device.
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Figure 7. Optical characteristics of PS specimen: (a) birefringence
by simulation; (b) fringed pattern by simulation; (c) birefringence
by photoelastic device.
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Figure 8. Optical characteristics of PMMA specimen: (a) birefrin-
gence by simulation; (b) fringed pattern by simulation; (c) bireftrin-
gence by photoelastic device.
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Figure 9. Measurement points of residual stress in injection molded
specimens.
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Figure 10. Residual stresses in PC and PS specimens.
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Figure 11. Residual stresses according to injection temperature.
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Figure 12. Residual stresses according to cooling time.
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Figure 13. Residual stresses according to packing time.
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