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Abstract— The anisotropy caused by the fiber orientation, which is inevitably generated by the flow during injection mold-
ing of short fiber reinforced polymers, greatly influences dimensional accuracy, mechanical properties, and other quality of
the final product. Since the filling stage of the injection molding process plays a vital role in determining fiber orientation, an
accurate analysis of flow field for the filling stage is needed. Unbalanced filling occurs when a complex or a multi-cavity
mold is used leading to development of regions where the fiber suspension is under compression. It is impossible to make an
accurate calculation of the flow field during filling with the analysis assuming incompressible fluid. A mold with four cav-
ities with different filling times was produced to compare the numerical analysis results with the experimental data. There
was a good agreement between the experimental and theoretical results when the compressibility of the polymer melt was
considered for the numerical simulation. The fiber orientation states for compressible and incompressible fluids were also

compared qualitatively as well as quantitatively in this study.
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Fig. 1. Schematic diagram of mold including locations of three pres-
sure transducers and finite element mesh.

Table 1. Thermal properties of the polystyrene used in the ex-
periment and the numerical analysis

C,: (erg/gm°’C) 1.8x 10
C,s (erg/gm°C) 1.1x10
K, (erg/s cm°C) 1.7x10*
K, (erg/s cm’C) 0.215x 10*

3t9t}. Fig. 10] Fx|8j4o] 9] f3ta 4 w4, 2 7w
Ej59 Xek 3449 AA7F BAH 3t} BE
HElE9] F7E 02cmE Y3 3taL, YU (runner)o] ¥HA]
E2& 03cm o|t} 7FEEAQ F38YWZEE(mold cooling
temperaturey= 60°C, 75 7ol A 882 (melt tempera-
turey= 240°C2 173 3}71 A& (injection flow rate)o]
3.4 cm’/sec(case 1)9} 13.4 cm®/sec(case 2)Q1 Z3--oll chsl

Table 2. Viscosity model constants (5-constant model) for ps

n 0.232
T (dyne/cm®) 2.9397x 10°
B (poise) 1.8931x 1077
T (K) 13048,

B (cm’/dyne) 3.1x10°°

Table 3. Specific volume model constants for ps

by, (cm’/gm) 0.9859

b, ; (cm’/gm) 6.5376x107*
b, ; (dyne/cm?) 1.9313%x 10°
b, (°C™Y 4.8050% 107
by, (cm*/gm) 0.9853

b, . (cm’/gm °C) 2.718%10™*
b, , (dyne/cm®) 2.7141x 10°
b, CCY 3.1448%x 107’
bs (C) 95.0

bs (°C cm’/dyne) 83x107°
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Fig. 2. Results of the short shot experiments in the case of slow fil-
ling (case 1:Q-3.4 cm’/sec).
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Fig. 3. Predicted melt front advancements assuming compressible
flow in the case of slow filling (case 1:Q=3.4 cm’/sec).
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Fig. 4. Comparison of predicted (curves) and experimental (symbols)
pressure drops in the case of slow filling (case 1:Q=3.4 cm’/sec).
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7 &1 Y& E S Uk
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Fig. 5. Predicted fiber orientation for slow filling (case 1) at the layer of z/h=0.1; (a) incompressible case, (b) compressible case.
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Fig. 10. Predicted fiber orientation for fast filling (case 2) at the layer of z/h=0.8; (a) incompressible case, (b) compressible case.
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Fig. 11. Variation of axial velocity components along the gapwise
direction for case 1 at 1 t=1.06 sec.
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Fig. 12. Variation of temperature along the gapwise direction for the
two processing conditions at elements A, B and C indicated
in figure.
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a, : second order orientation tensor
ay : component of second orientation tensor
A : component of 4th order orientation tensor
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- EAE
i : linear closure of 4th order orientation tensor
Ay : quadratic closure of 4th order orientation tensor
B : parameter for 5-constant viscosity model

by, b,, by, b, : parameters for Tait equation

p : constant for Spencer-Gilmore equation of
state
R : constant for Spencer-Gilmore equation of state
S : fluidity factor
T, : temperature sensitivity of melt viscosity
T, : glass transition temp. of amorphous materia
o : thermal expansion coefficient
B : pressure coefficient in 5-constant model
¥ : effective shear rate
o : component of Cronecker delta
Mo : zero-shear viscosity
@; : component of vorticity tensor
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