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Analysis for Filling Stage of Injection Molding Considering
Compressibility and Phase Change

Sang-Chan Lee*, Chang-Eun Park* and Dong-Yol Yang**

ABSTRACT

To simulate the real molding conditions, the effects of phase change and compressibility of the resin were
considered in the present investigation. A modified Cross model with either an Arrhenius-type or WLF-type
functional form was used for modeling viscosity of the resin. A double-domain Tait equation of state was
employed to describe the compressibility of the resin during molding. The energy balance equation including
latent-heat dissipation for semi-crystalline materials was solved in order to predict the solidified layer and
temperature profile.

Injection molding experiments were carried out using polypropylene(PP) in the present study. Based on the
comparison between experiments and simulations, it was found out the predicted pressure distributions and melt
front propagations were accurate. Thus it was concluded that the program developed in this study was proved to
be useful in simulations of injection molding process.
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Table 1 5-constant model constants for PP (BJ500)

n 0.204
* (Pa) 3.07x 104
B (Pa- s) 1.44 < 10-1
Tb (K) 4830.0
B (Pa-1) 439 % 10-9

Table 2 Specific-volume model constants for PP

by (m’/kg) 1.3193 x 10”
bay (m*kgC) 1.1563 %10
bi: (Pa) 6.617x 10’
bay (C7) 3.7557 % 107
bis (m’/kg) 1.2304 x 10~
bas (m’kgT) 7.64 <107
bss (Pa) 9.7292 < 1¢/
bas (T 2.4623 % 10°
bs () 118.0

bs (C/Pa) 2.25 %107
br (m’/kg) 8.6x107

bs (T™) 535% 10"
be (Pa’h) 1.24 x 107
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Fig. 3 (a) Photograph of short shots taken from 0.5 to
1.5 sec by 0.1 sec injection time difference and
(b) Comparison of melt front advancement.
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Fig. 4 Predicted pressure distributions in cavities at
(a) 0.6 sec, (b) 1.11 sec, and (¢) 1.42 sec
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Fig. 5 Predicted resuits of the thickness-wise averaged
velocity distribution
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Fig. 6 Predicted results of the solid fraction
distribution at instance of fill
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Fig. 7 Comparison of pressures between predicted and
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measured values in filling stage

4. 2E

N
al
N
2
it
-
ik

i
2
1o

Lok
S

o 22 B

2

Rl

e
2

Ly

i)

o ox ox 10
PRI
o

ofw
i B

Foo
o

2

g

O
oL -~
> Ir
- !

=

!

i

i

off

oy ¥
%

—_)‘4—_41‘

|

[l
5 do

ex 7

o
2
lo
ol
>

af
il

E‘ O_>i4.. O>'
B
i
>,
=2

y o
30, ¥

2
s
2

o
AU

(LN ofu
N

MU
o
_.i

!
i

Fdo]l BASH=F 4] A

A ztetel A3 At} )

1o

i

i)
M > o

al 4z
3

ol
L]O ftind

=
>‘\I

65

g_z‘g}: u:“ )\]-311, oll/\l'ol
Hats avstal RS

R EEECRLEE

5. o AR AL AL wwa ARl
4 24208 495 243 4 elojol st 4l

g mabd st stojof & Aol

B odAye SXxdstia 19999 % V4 A
ra SEd T $9998
#uzsl
1. M. R. Kamal and S. Kenig, "The Injection
Molding of Thermoplastics Part I: Theoretical
Model," Polym. Eng. and Sci, Vol. 12, pp.
294-301, 1972.
2. P. C. Wy, C. F. Huang, and C. G. Gogos,

"Simulation of the Mold-Filling Process," Polym.
Eng. and Sci., Vol. 14, No. 3, pp. 223-230, 1974.
3. J. L. White, "Fluid Mechanical Analysis of
Injection Mold Filling," Vol.
15, pp. 44-50, 1975.
. M. E. Ryan and T. S. Chung, "Conformal Mapping

Polym. Eng. and Sci.,,

Analysis of Injection Molding Filling,"
Vol. 20, pp. 642-651, 1980.
J. F. Agassant, H. Alles, and S.
"Experimental and Theoretical Study of

Polym.
Eng. and Sci.,
. M. Vincent,
Philipon,
the Injection Molding of Thermoplastic Materials,"
Polym. Eng. and Sci., Vol. 28, No. 7, pp. 460-468,
1988.
S. Richardson,
Boundary produced by the Injection of Fluid into
a Narrow Channel," J. of Fluid Mech., Vol. 56, pp.
609-618, 1972.
. K K. Wang, et al,
Fabrication of Molding and Computer Control of
Progress Report No. 11,
Ithaca, New York, 1985.

"Hele Shaw Flow with a Free

"Computer-Aided Design and

Injection Molding,"
Comell Univ.,



