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Numerical Simulation of Flow-Induced Birefringence in
Injection/Compression Molding

H.-S. Lee and A. L. Isayev

Abstract

A computer code was developed to simulate the filling stage of the injection/compression molding process by a finite
element method. The constitutive equation used here was the compressible Leonov model. The PVT relationship was
assumed to follow the Tait equation. The flow-induced birefringence was related to the calculated flow stresses through
the linear stress-optical law. Simulations of a disk part under different processing conditions including the variation of
compression stroke and compression speed were carried out to understand their effects on flow-induced birefringence.
The simulated results were also compared with those by conventional injection molding and with experimental data from

literature.

Key Words: Injection/Compression Molding, Viscoelastic Simulation, Velocity, Pressure, Birefringence

AEEAY By

Ejoll A A} ] Ef ol

2474]71‘:“0] 2*"&
ha k °1v1_ a2EA Fxle A
g4 Al dig ols] EEy HEAH JFgS
e FAHHe] AhEr] wWEolth. Isayev
s} Hieber®& vld8 dayds Expujske o
AE o]l&8Ho=2 64_"33}9,1301, Isayeve} Azari
44 g Abgstd o
ATE FIPsH
. Lee & 013 49 AEgHA4E
& g FAHAE FHsty] fYstd FA

Slo} 9lA) e, -

* gr et AAAA S
«% [nstitute of Polymer Engineering,
The University of Akron

_65_

W HEA 712 FFAEES ARSI
Eg Chen §¢7% ALEAEAE] oig Fekd
FAHNE FYFL AANHOLE Ao|EA A9
A wE HF HIFHE #BFIIYoY T
o We &% 533 59 AFAA sHFE
A A& okt

B AT dury 23 #Z A 712
FRHoAUE AR AEYFEE TA
el Z2aRg MR, FEHA
2337 A3 EA Leonov A& Ab
Ron, FEo g HFHE 7] 9
o] My Fe" HWAL AR AL
ZT2O9E A8std gz AEUFAH
A 3 gF 2E2I9 AFEEV BEZH
o vAE g BEIAT

=
L

'Ohmlogrsﬂ
—.~‘ o

0.

2.0l 2



2.1 Xugg4

Fig.1 3 2& AZANA $£39AY d4
HAANE AEstd oeR #Ze AuAAE
FET F Jdon, ALE ¥ # AP
TEHA®) AFH upsk 7,

aP
GE —E(Sxax)__(s ) P, hvc-O (D

oy
N
ofl
l=°

).
X
P
i

Tr%ul-?sok [
T”ﬂ“‘%hlni,
e Hieb 2o
23& A8 #8849
AE 4 Qo

Je et rlo 2 mo o

rz ““’W«l T°r Fol 9%
Mol we o ol

2
"=Ccf;l\/(0'rr_0'zz) +4Trz2 (2)

A7IM CF & &g3HANY $YH-F Aol

.
22 ARTHOMY RSME A
4y QoA AdAHE AgtY AenE

ANREE ALE TET B FE £ AT

pavg(l—ff)Z%Zh‘

Z(qei + 2v: Igei pavg)

5 Ago] AX3F BRE HFEH st
Ay, B Feln, o FAA M Fe @E Ar

At = 3

2 dddt. Qe FAF f7 e 98
Zol Axg & vt
e 2.9,
filul - "f,- h + N (4)
h' —v At

. A'_
Pun T 2R v, A1)

& AHEE FYgd A9 Fol AFH A
A F4E 9 AEDAAA gEFDAZ G
H, 453 AdFHeze 8
o fA9 FAL warl neEn. d4Le F
AAFE AZsHAAM AMuErE @88 AAZ
H7kA] Al&Et

3.2

HendaE Chen'®e A#dolele] 7123
Atk. F7 0.1 cm, ¥4 14 cm o9, FAld
A EFL A g fazmeltt, AL X &
g2gd (CHI MEI/PG33)ol® Alg® EXA&
C-MOLD dle]eiujjol2 18 #8353} Leonov &
g W5E AAsgo.® IRzAcZE AE
25 240 °C, FE2E 40°C, 2891 #%
76.6 em3/soltt. AMAME JAANLE 1=t
o 1/4FETE Zd3Y53).

AERELY IAXAFTAAN &F 2ERA
o dE&xol J4FE A2 95k Table 1
7 2ol 3 7kA At gt Y-S TPt
71E AMEA Yo gig s At} v

Table 1 Processing Parameters

_66_

Processing Case A Case B Case C
parameters
Compression 0.05 0.1 0.1
stroke (cm)
Compression 2.0 20 1.0
speed (cm/sec)
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Comparison of predicted cavity pressure
profiles near the gate for CIM and ICM with
experiments measured by Chen et al. ©

1 ——r=040cm
~---r=1.80cm

cor=2.73 em
8f - r=365em

-==4.58 cm .
. L .
4 -
2 . - -
a . WA " L
0w 005 010 a1s a0

Time (sec)

Simulated pressure traces at various radial

positions during filling stage of injection
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Fig. 5. Predicted gapwise distribution of velocity

Vr at various radial positions at the end of

filling in injection molding process (t=0.21

s)
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Fig. 6 Pvdlcted gapwise distribution of velocity

” at various radial positions at the end

of compression stage (t=0.222 s) in

injection/compression  molding process
under Case A
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Fig. 7 Predicted gapwise distribution of birefrin-
gence Ay at various radial positions at
the end of filling in injection molding
process (t=0.21 s)
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Fig. 8 Predicted gapwise distribution of briefrin-
gence Az at various radial positions at
the end of compression (t=0.222 s) in

injection/compression  molding  process
under Case A
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Fig.9 Predicted gapwise distribution of birefrin-

gence Ay  at various radial positions at the
end of compression(t=0.246 s) in injection
/compression molding process under Case B
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Fig.10 Predicted gapwise distribution of birefrin-
gence Ay at various radial positions at
the end of compression (t=0.294 s) in
injection/compression  molding  process
under Case C
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