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Analysis on Fiber Orientation in Plane Direction for Injection
Molding of Short Fiber Composites

Jin Ko*, Seok-Won Lee™ and Jae-Ryoun Youn**

ABSTRACT

Numerical analysis on fiber orientations in the plane direction for the injection molding of
short fiber composites was carried out. For the three-dimensional analysis of the flow in
the plane direction, generalized Hele-Shaw model was employed and solved by a FEM/FDM
hybrid scheme with a control volume approach. Pressure fields were obtained by the finite
element method using triangular elements and temperature fields by the finite difference method.
Power-law model was used for the viscosity model and melt front advancement was obtained
by the FAN method. An automatic mesh generation program was developed for the mesh ge-
neration in the mold cavity. Orientation fields were solved by using the equation of change
for the second order orientation tensor. The fourth order Runge-Kutta method was applied
to solve five expanded equations. To determine the orientation field, numerical analysis for
a tensile bar specimen and a thin plate of an arbitrary shape with obstacles was carried out.

Fibers were more highly oriented near the wall than right at the wall. Fiber orientation was
influenced by the fountain flow at the surface and by the shear flow at the mold wall. In the
case of the arbitrary shape with obstacles, an abnormal orientation field due to obstacles was
observed. there were large differences in orientation field according to the layer position in
thickness direction. For the multi-gate system, weld lines and fiber orientations around weld
lines could be predicted. These informations will be a great help for finding the optimum mold
design and processing conditions to control the anisotropy and avoid defects of products.
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Table 1. Material constants for three-dimensional

numerical simulation

B
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P gnK
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X (Scm K) 1.22 x 10
” 0.36
T, 6000.
., 0,27

Table 2. Simulation conditions for three-dimensio-

nal domain
Flow rate set to have 1. sec fill time
Melt Temprature (K) 528,
Wall Temperature (K) 341,
Cy 0.001
ay; (gate) 1. /3. (random)
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a3 (gate) 0.00 (random)
ay, (gate) 1. /3. (random)
a3 (gate) 0.00 (random)
3, 15, Unit : cm
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Geometries for orientation simulation in th-
ree-dimensional domain
(a) tensile bar specimen
(b) arbitrary cavity shape with obstacles
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shape at selected time steps
(a) velocity vectors  (b) flow front shapes

gate

()

ate
gig. 14. Orientation fields of arbitrary cavity shape
just before complete mold filling in x-y
plane using orientation ellipse
(a) 1st layer(0.h) (b) 8th layer(0.7h)
(c) 10th layer(0.9h)
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Fig. 15. Orientation fields of arbitrary cavity shape
just before complete mold filling in x-y
plane using maximum eigenvalue
(a) 1st layer(0.h) (b) 8th layer(0,7h)
(c) 10th layer(0.9h)
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