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Abstract: In this study the filling pattern imbalance was investigated in the injection molding of thin light guide plate
by the injection molding simulation and experiments. Injection molding simulation was conducted for thin 8 inch light
guide plate (LGP) with 0.6 mm thickness using measured rheological characteristics of resin PC. It is observed that
injected resin is heated by adiabatic heating and shear heating and divided into inner layer and outer layer with different
temperature. Outer layer resin with high temperature flows into the side section of the cavity, and inner layer resin with
relatively low temperature flows into the center section. Thermally separated flows are expected to cause the filling pat-
tern imbalance with a difference in viscosity and flow resistance. Filling patterns of short-shot experiment results for
injection speed and temperature were compared with the simulation results. Filling pattern imbalance showed a tendency
to increase for higher injection speed and injection temperature.

Keywords: high speed injection molding, thin-wall, filling pattern imbalance, shear heating, viscosity.

N = w1 Zeiae 2AE AEARe A4E 9l
A2 T AFS) FAT AL, B85 242 A5 2

NEAY TS TRA WA F AT Y 4Y F =39S 030mm, FOHEE wER] Ao) g
Sk $27] Wl SALE A AU 1 ol A8 025 mm FATKA EobL ek olefeh Fehoe AE)

HaZge] 71ss 7

= (LGP light guide plate) S5t Wof| Hoj “Oi FAL dgsle=

Hkgslol] 83l f15l A& WS ERY wEA 33
41: ,\].gzﬂtﬂ .TLXL% xLQ.

"To whom correspondence should be addressed.
E-mail: tsjung@inhatc.ac.kr
©2017 The Polymer Society of Korea. All rights reserved.

30

S . 25 AP BAL A% AP 2 43T
49 B Be @77} Aglom, }g 99 o1 olaslo



|

g 22 P AEe] AP FEE £
T RS de=glel(weld line), 713 (air trap), 5 A
%(ﬂow mark) 5 5 E4FoR 3 A= EF HJZ]
of Frg AlFe FH s S flaEl Fasith B2
TX AEARE 34 7 dYdA ddg 2 E o= O]
g B8R A% Astol] gk aFo] o]Fojon, F=
o AHE S0l A 49 s AES Bal HH 9
718keH4] @ AR A, AR "o ZM F
%) H*—Ffﬂg 7Ndstaat ekt
1, H =3ve] A s, zutsl, 1F4s) gel w
o2 A AEo] 7Fsst @ AMlE 2388 A
HAL AHE R A NLE AFE FH 9
F3& kg R] ekekr), S A
2 5H’ﬁ|71€94 R Gy AlEe] Rl T4
o] mj-g- EokoH R o]of] &JEdt W V&

o F°"
) rE rLl

U]z 7(41: ;ﬂ

S o 8
o
ROl

o
=

ox 10
2

i)

ol
S
ol o,
-

o2
[\
rlo

e

Hd
s
b 3R

187
)
ru
B
=z
o offt
o
r_“z_l,
oX
ot
=2
x
mu‘.
o
ol
F{F
Jo

o2 1o Olﬂ
H
oy

y

o
e
=

ol

2

ofl

2

e

©

-0,

A

W

e
D O Y T )
ox =2
o 2
g
o
9|L
R
)

o0
ot 4o
o,
>
[o

[
>
>,
D)
lo
Jo
offl
(]

= o
¥ ooy i

BN
A
R
i)
Y
2 mH
Ku|\% i)
)
e
M

!
| ofth
5
ig
o
o
o
> R
o
2
5
5

t
oX iy
=
ofr
ol
L
Rl o
by
ol
ol
30
)

Hlwgto 2HR A

0_u
oflt
=
-
1o

Ho
>«
:(n)L_II
X
T
(03
-
oo
rot
aff
2,

o (B o
ot }50
ﬂﬁm F

K
(shear rate)el] W A= 5
HEO 2 Skl dtt whEbA A
e 4 AL AR =

FA ] fFH 24 AGHEE 74 @Eﬁﬂo] A
(theometen) 2 ZAH AT} G-5A1= ABd 57 HIL 7}
3lo] Eg)Fel WhHo g Hek (viscoelastic) SAS EAEE
717124, st A Ael= 5837415 (dynamic viscosity),
HAAAHE, &4 A F(elastic modulus), # 7 EH E(storage
g] E/ﬂ 71—E_<>_ zxé]

R oo
oX I
N

i
032
ko
re
2
o

O:
‘E _l

modulus), %él%*é E+(loss modulus)
o I FREE 95-%IH(cone-plate) -5, T4

1 %5-(concentric cylinder) 571, Al¥2] (capillary) 557
o] o, YFHA FFA= F2 101/ ©]5ke] e A
AP ES] HA=E 27“3]3:13] AMEB}L, Hagen—Poiseuille H
g olgsk= A 10°1/s o)/de] =2 A

o{n

—l 'I‘I’o7ﬂ

Table 1. Measurement Conditions of Viscosity

. Rotational Capillary
Equipment rheometer rheometer
Shear rate (1/s) 1~200 200~10000

Temperature (°C) 240, 270, 300, 350
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Table 2. Coefficients of Cross-WLF Viscosity Model

Coefficient Value
n 0.001
= (Pa) 1.06x10°
D, (Pa‘s) 2.0x10°
D, (K) 417.15
D; (K/Pa) 0
A, (K) 24
4, (K) 52.6
10°
240°C
————— T « B ¥ Y .
w 270°C —*"'-\._,
& 107 \
e
F- I . 3n0°c
£ ;
3 350°C
2 qor [
« rotational rheometer
o caplllary rheometer
— Cross-WLFfitting
100
1t 107 107 10% 104 10¢

Shear rate(1/s)

Figure 1. Measured viscosity data and curve fitting of Cross-WLF
viscosity model.
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Figure 2. 3D model and mesh result for injection molding simu-
lation of thin LGP.



Table 3. Tested Mesh Generation Factors

Factor Value
Element 2D 25D 3D
Part 1 2
Global length (mm) -
Delivery system 2 0.35
Number of layers 8 12 16 20
Bias ratio 1.0 2.5
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Figure 3. Predicted distribution of velocity at the center region in
thickness direction for different mesh layers.
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Figure 4. Predicted distribution of temperature at the center region
in thickness direction for different mesh layers.
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Figure 5. Predicted distribution of shear rate at the center region in
thickness direction for different mesh layers.
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Table 4. Selected Mesh Generation Conditions

Factor Value
Element 3D
Part 1
Global length (mm) -
Delivery system 0.35
Number of layers 16
Bias ratio 1.0

Table S. Injection Molding Conditions for CAE

Melt temperature (°C) 350
Expected mold temperature (°C) (80)
Coolant inlet temperature (°C) 90

100, 200, 300, 400
500, 600, 700, 800

99% filled

Injection speed (mm/s)

V/P switchover
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Figure 6. Predicted filling patterns and distribution of temperature
at the center region in thickness direction for different fill times
(800 mm/s).
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Figure 7. Predicted results at the center region in thickness direction
at 99% filled (800 mm/s).

Temperature

Figure 8. Predicted temperature at cross sections of gate for injec-
tion speed 800 mm/s.
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Figure 9. Distribution of temperature at the center region in thick-
ness direction at v/p switchover time for different injection speed (a)
100 mm/s; (b) 300 mm/s; (¢) 600 mm/s; (d) 800 mm/s.
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Figure 11. Flow length ratio (FLR) of predicted filling pattern for
injection speed of 800 mm/s according to filling rate.
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(c)

Figure 12. Pictures of 8 inch LGP mold (a) moving part; (b) fixed
part; (c) fan gate.

Table 6. Injection Molding Conditions for Short-Shot
Experiment
Factor Exp. Set 1 Exp. Set 2
Melt temp. 350 300 325 350 370
4©)
Inject. speed 500 400 600 800 800
(mm/s)
ZE AEMEE AE
234 A e Bad o2 AP A9e
Slatint. Agol AH8-E 582 Figure 129} 72©| Figure
29| 293 FAT 1) e A AL S e

=
2EE
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54 cm’?l QIR 23724 AR X9 B2 FALAE
7o, A A &% 1000 mmy/s7HA] 7Fe e 2314
52 AEA P 71olth. 23F Z730] 25 mm, H) ARESE
g 3500 kg/cm?o]T}.

Table 67 7> 4% 27N 74 259 A= & w)
2 A3 3L Y3 om, ZuH Al Y IS 3ol
al7] 9t FHFS DA R S7P AlEske UV%‘J
(short shot) X182 4~ 3}33t}. Figure 133} Figure 14= 4
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PR

REAESS)

(a) 200 mm/s (b) 400 mm/s (c) 600 mm/s (d) 800 mm/s

Figure 13. Experimental results for different injection speed con-
dition.

(b) 325C

Figure 14. Experimental results for different melt temperature con-

(a) 300 (c) 350C (d) 370C

dition.
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0
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Filling rate

Figure 15. Flow length ratio (FLR) of experimental result for injec-
tion speed of 800 mm/s according to filling rate.
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Figure 16. Filling imbalance ratio (FIR) of experimental result for
different injection speed condition in all range of filling rate.
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Figure 17. Comparison of FIR of experimental filling pattern and
predicted filling pattern using CAE according to injection speed.
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