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Numerical Analysis of Residual Stresses and Birefringence

in Injection/Compression Molded Center-gated Disks (II)
— Effects of Processing Conditions —
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Abstract

The accompanying paper, Part I, has presented the physical modeling and basic numerical analysis results
of both the flow-induced and thermally-induced residual stress and birefringence in injection molded center-
gated disks. The present paper, Part II, has attempted to investigate the effects of various processing
conditions of injection/compression molding process on the residual stress and birefringence. The
birefringence is significantly affected by injection melt temperature, packing pressure and packing time.
Birefringence in the shell layer increases as melt temperature gets lower. The inner peak of birefringence
increases with packing time and packing pressure. On the other hand, packing pressure, packing time and
mold wall temperature affect the thermally-induced residual stress rather significantly in the shell layer, but
insignificantly in the core region. Injection/compression molding has been found to reduce the birefringence
in comparison with the conventional injection molding process. In particular, mold closing velocity and initial
opening thickness in the compression stage of injection/compression molding process have significant effect
on the flow-induced birefringence, but not on the thermal residual stress and the thermally induced
birefringence.
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Fig. 1 Schematic diagram of mold cavity for
compression stage.(r and z are the coordinate
representing the radial and thickness direction,
r; and r, are inner radius and outer radius of a
center-gated disk, V. and £ are closing velocity
and closing force, and b;, b;.; are half-gap
thickness at current and next step, respectively)
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Fig. 2 Effect of packing time on birefringence at various
radial locations at the equilibrated state (a) packing
time of | sec (at t = 18.64 sec); (b) packing time of
4 sec (at t = 28.44 sec) (Note that An represents the
residual birefringence in the r-z plane)
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Fig. 3 Effect of packing time on thermal residual stresses
at various radial locations at the equilibrated state
(a) packing time of 1 sec (at t = 18.64 sec); (b)
packing time of 4 sec (at t = 28.44 sec) (Note that
orepresents the lateral residual stress)
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Fig. 4 Effect of packing pressure on birefringence at
various radial locations at the equilibrated state
(a) packing pressure of 8.25 MPa (at t=34.66
sec); (b) packing pressure of 33.0 MPa (at
t=44.73 sec)
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5 Effect of packing pressure on residual stress at
various radial locations at the equilibrated state (a)
packing pressure of 8.25 MPa (at t=34.66 sec); (b)
packing pressure of 33.0 MPa (at t=44.73 sec)
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Fig. 6 Predicted normal stress(-o,) versus time at the radius
of 1.75 ¢m and 4.50 cm with packing pressure of
8.25 MPa and packing pressure of 33.0 MPa.
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Fig. 7 Effect of melt temperature on birefringence at
various radial locations at the equilibrated state
(a) melt temperature of 240 C (at =35.73 sec);
{b) melt temperaturc of 200 C (at +=33.34 sec)
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Fig. 8 Effect of mold wall temperature on residual stresses
(a) numerical results at the radius of 3.00 ¢m with
T, of 60 € and 20 C (b) experimental data
duplicated from Hastenberg et al. 1
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Fig. 9 Effect of compression stage on birefringence at
various radial locations at the equilibrated state
(a) injection/compression (at ~=15.37 sec); (b)
injection only (at r=17.58 sec)
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Fig. 11 Gapwise distribution of temperature at the end of
cavity filling process (a) injection/compression (at
t =0.813 sec); (b) injection only (at 7 = 0.678 sec)
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