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Abstract—A numerical scheme has been developed to predict the flow induced fiber orientation for the
filling stage of injection molding process with complex mold geometry. Experiments were performed to vali-
date the numerical scheme for various geometries. The flow analysis was performed by employing finite
element/control volume method and particle tracing method was newly adopted to predict the fiber orienta-
tion. Both numerical simulations and experimental observations demonstrated that the fibers in diverging
flow are oriented perpendicular to the flow while the fibers in converging flow, near the weldlines and
side walls, tend to orient parallel to the flow. It was confirmed that there exists the skin-core structure
which indicates two different layers through the gap width. The reason why the numerically predicted skin
layer was thicker than experimentally observed one is probably due mainly to the nonuniformity of fiber
concentration caused by the restriction of fiber motion at the walls, the fountain flow effect, the effect of
slip velocity at the wall boundaries, and the interaction coefficient, which could not be fully accounted for
in the numerical simulation. There were consistent agreements between the experimental observations and
the numerically predicted results for various flows including the case of three dimensional thin mold.
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Fig. 1. A Hele-Shaw type flow in a planar cavity.
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23°0)
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Fig. 2. Viscosity(~) and normal stress(O) vs. shear rate
of fiber suspension.
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Fig. 3. Experimental apparatus.
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Fig. 4. Comparison between predicted(solid lines) and ex-
perimental(dashed lines) flow fronts advancement.
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Fig. 5. Comparison between predicted and experimental
gate pressure.
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(a) t = 567 sec

(b) t = 10.20 sec

(©) t = 17.11 sec

(d) t = 24.83 sec

Fig. 6. Experimental fiber orientation during mold filling
in the cavity with an insert.
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Fig. 7. Predicted fiber orientation during mold filling in
the cavity with an insert.

)l Fsid %

el Ay AE A

gate H-Zoll A EEo

A 99 d=gtel s e} Y=o A} GieAe
2=

580 SAYFE $AT A 2.

N L rlo
=4
fru
—z’l—"
1
It
i
P
s
EY

I
o

4-4, S0 oHE MY
oA 2318 HlH e A fu T Hato] 5
ARateh Qe wlastgiond FARG] set $o}

HWAHAK KONGHAK Vol. 32, No. 2, April, 1994



164

(a) t = 23.85 sec

olulg -

o7 1E

() t = 6.98 sec

{b) t = 22.87 sec

— T ST \\\\\\/
\\ \\\\\ N |
VN | NN
> ! 7 \\ < 0
/ //, ////
~ 1 \ \\\\\\\\\\I/
- _— ///////////X

Fig. 8. (a) Experimental and (b) predicted fiber orienta-
tion during mold filling in the cavity with two in-
serts.
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Fig. 9. (a) Experimental and (b) predicted fiber orienta-
tion during mold filling in the cavity with two point
gates.
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(b) t = 21.11 sec
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Fig. 10. (a) Experimental and (b) predicted fiber orientation in smooth converging flow.
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Fig. 11. (a) Experimental and (b) predicted fiber orienta-
tion in smooth diverging flow.
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(a) t = 2.8 sec (c) t = 82 sec

(b) t = 4.8 sec (d) t = 13.2 sec

(a) t = 1.78 sec (c) t = 7.94 sec

(b) t = 3.72 sec

Fig. 13. Predicted fiber orientation during mold filling in the three dimensional thin cavity with inserts.
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Fig. 14. The planar fiber orientations by the projection
of the orientation ellipsoids are shown at: (a) z=2
/3h, (b) z=1/3h, (¢) z=0(L.=22 cm, W=10 cm,
h=0.2 cm).
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a, :ij component of second order orientation ten-

sor
C, :interaction coefficient
d : diameter of fiber

h  :half gap width of a cavity

I : length of fiber

L. :linear shape function

: isotropic pressure

:unit vector along the axis of fiber

: parameter defined as a measure of fluidity
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: average x-directional velocity component th-
rough the gap width

: average y-directional velocity component th-
rough the gap width

: constant(B equals 3 for three dimensional orien-
tation and f equals 2 for planar orientation)

: rate of deformation tensor

: Kronecker delta

: viscosity of fluid [poise]

: shape parameter of particle

: density of fluid [g/cm®]

: fiber volume fraction

: orientation distribution function

: vorticity tensor
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