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Abstract—The effects of the geometrical shape of extrusion dies and the fiber orientation at the entrance
on fiber orientation and die swell were analyzed numerically by finite element method. The fiber orientation
and the interaction among the fibers were analyzed by way of the orientation tensors. The fibers near the
die wall aligned along the flow direction regardless of its initial orientation. But the fibers near the center
line retained its initial orientation. It was verified that the use of extrusion dies of contraction or expansion
entrance made it possible to control the fiber orientation significantly. The C; value which represents the
interaction among fibers also affects the orientation and the die swell. The orientation disturbed and the
swell ratio increased as the C; increases. The swell ratio decreased in expansion die but increased in contrac-
tion die as the L/D ratio increases. The swell ratio when fibers were introducted as aligned state was smaller
than the case of randomly introduced state.
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Fig. 1. Boundary conditions used in numerical simulation.
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Fig. 3. The aj; values along x-direction with various input
orientation states at C,=0.005 near the die wall.
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(c) 1.0, respectively.
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Table 1. Experimental values of interaction coefficient

 o]7)%

Matrix fluid Fiber material Nomina.l aspect Fibe'r volume  Fiber we‘i— Inter‘ac'tion
ratio r. fraction ght fraction coefficient C,
Silicone oil Nylon 16 0.01 - 0.0038
16 0.08 — 0.0081
16 0.016 - 0.0165
16 0.063 0.08 0.035
Polyester 83 0.0004 — 0.0032
83 0.0030 - 0.0035
83 0.0060 - 0.0042
83 0.0130 - 0.0044
Polypropylene  Glass fiber - - 0.2 0.1
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Fig. 11. Swell ratio versus C, value for various L/D for
the contraction die.
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