Trans. Korean Soc. Mech. Eng. A, Vol. 38, No. 7, pp. 719~725, 2014 719

<st=z=8> DOI http://dx.doi.org/10.3795/KSME-A.2014.38.7.719 ISSN 1226-4873(Print)
2288-5226(Online)

Zelry $5S 1T AEHY $ATH F 299 WY g

M Z=Ef".-o 2 77
* Ao sa 7] 73 eha

Numerical Analysis of Mold Deformation Including Plastic Melt Flow
During Injection Molding

Joon Tae Jung* and Bong-Kee Lee™"
* School of Mechanical Engineering, Chonnam Nat'l Univ.

(Received February 21, 2014 ; Revised May 4, 2014 ; Accepted May 8§, 2014)

Key Words: Injection Molding(A}% 7 &), Numerical Analysis(5~*] 3l 4]), Mold Deformation(= % % 3), Polymer
Melt(£-§ IL+-A}), Taguchi Method(tF-%] HH)

22 2 Aol AE4E 984 F 239 WG A5 Askel WwE R, 449, T
Aol I melE SR AFE FAAAT AW AEHY FFS AAALH) AN AT
4 Fol MASE TR WYL A dFat o] Fasth oo e FH FHA WYL
S adlel ola) WA 5 o), $§8 nER £Ae] fEel @ el sy 2 A Fel
SR oAXT Gk WA, B AL 2 A9 FE I 9w 99 Uz AE 7Y
waYstn oo Ug FANNS SRS o2 vgow 33 urel u¥A £ FE S4B
49 PP, L= BX dF BA2 FANGT T3 oA PUS non & AFANEL =Y
ol % S, 79 L, AR £A s 58 W] v 92 setarort

Abstract: In the present study, a numerical analysis of an injection molding process was conducted for predicting the
mold deformation considering non-Newtonian flow, heat transfer, and structural behavior. The accurate prediction of
mold deformation during the filling stage is important to successfully design and manufacture a precision injection
mold. While the local mold deformation can be caused by various factors, a pressure induced by the polymer melt is
considered to be one of the most significant ones. In this regard, the numerical simulation considering both the melt
filling and the mold deformation was carried out. A mold core for a 2D axisymmetric center-gated disk was used for the
demonstration of the present study. The flow behavior inside the mold cavity and temperature distribution were
analyzed along with the core displacement. Also, a Taguchi method was employed to investigate the influence of the
relevant parameters including flow velocity, mold core temperature, and melt temperature.
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Table 1 Parameters of WLF-type Cross model for
PMMA used in the present study
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Table 2 Representative conditions and dimensions for
the present numerical analysis

Parameter Unit Value
n - 0.3973
& Pa 35607
4 - 31.081
4, K 51.6
D, Pa-s 6.13-10"
D, K 377.15
D, K/ Pa 0

10*
——T=200"C
——T=220°C
104 —— T=240°C

Viscosity(Pa*s)
=

10° 10' 10° 10° 10 10°
Shear rate (1/s)

Fig. 1 Viscosity plot for PMMA(IF 850, LG MMA)
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Melt temperature (°C) 220
External core temperature (°C) 60
Tdeliverys Teavity> Teore(1TIIM) 2.5,49.5,75.0
teavity> toore(TIIM) 1,30
Uinte(m/s) 0.4

Table 3 Material properties of mold (HP4MA)

Density, p (kg/m’) 7800
Young’s modulus, £ (GPa) 205
Poisson’s ratio, v 0.2
Thermal conductivity, & (W/(m-°C)) 50
Heat capacity, C, (J/(kg-°C)) 0.47

Table 4 Material properties of polymer (PMMA)

Density, p (kg/m’) 1060.6
Viscosity, 17 (Pas) WLF-type
Cross model
Thermal conductivity, & (W/(m-°C)) 0.123
Heat capacity, C, (J/(kg-°C)) 1711
(a) (1)r=10mm (b) U '
(2)r=20 mm mnjet
(3)r=30mm
(4)r =40 mm — kl—dclivm‘y
Sprue—__ (5)r=49.5 mm Top core
\[ Icn\*il)’ - gap
A R
e ) @) G) @ () feavity
\ \F Bottom core teore
_center gated disk

zZ
Pa—
r axis Teore

Fig. 2 Schematic diagram of (a) 3-D model of injection-
molded part and (b) 2-D axisymmetric model
for the numerical analysis.
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direction, (b) temperature, (c) velocity and (d)
viscosity distributions in the z-direction.
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Fig. 4 Temperature distributions in the present study: (a)
the filled polymer melt and (b) the mold core
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Table 5 Lo(3*) orthogonal array for Taguchi DOE

g -

Experiment Parameters
number A B AB C
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

Table 6 Detailed levels for major processing parameters

Level

Symbol  Parameter

1 2 3

A Toer °C) 210 220 230
B Tanotd (°C) 60 70 80

C Upee (m/s) 0.2 0.4 0.6
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