Polymer(Korea), Vol. 41, No. 2, pp. 227-234 (2017)
https://doi.org/10.7317/pk.2017.41.2.227

HER =y

fmjo

=

o
rio

s

o

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

o[2lio} - FaIY'
Mgtz edsta ekl AlEAEA T3

2=

016 89 269 HF,

2016 10¥€ 1¢€ 74, 2016 109 34

Computational Study on the Extrusion of Annular Shaped Product Considering
Viscoelastic Characteristics

Min A Lee and Min-Young Lyu’

Dept. of Product Design and Manufacturing Engineering, Graduate School of Seoul National University of Science and Technology,
232 Gongneung-ro, Nowon-gu, Seoul 01811, Korea
(Received August 26, 2016; Revised October 1, 2016; Accepted October 3, 2016)

=8 324 S8AE A 58S 7 Aok Aed A5 B 55 A oty s 2AE o
°]5 o|&3le] tho] oA Yehe G5 dEE] WA gk A7t Bel MAHUT 2 ATE o)
Sk Agte] oz Y el tholollA RSl AEdt thols el st ATE Kkt AES F8e]
FFE] AlEF oA Hagh A5 fHEH BAS s, o vAY JeAd B9 generalized Newtonian
2dlof A8ste] XS Fasidit) s1XS Bl thol Wo] ¥y St s melsitit). the] EPdAMe &
T zauds #ASIN, 3 F AEE] IS ASsh T fAshE mdolA the] Ule] o a9}
&5 BEXE FARBH YeRARE tho] E7HdA e & Za2ule th2 A eyt Tk fHe 2 u)
2} 3 F AEES] A4S WA Fde] s tEA Yeidth BIAE Hed 292 ARS-SE PTT(Phan-

1
Thien Tanner) ZlollA] olghAI7k0] ke B4 B4 AEEe] BFAIEL AH3] BASGOR, 2] w2 9733}
W3 el Fle) BAEE 3FHo ekt

Abstract: Polymer melts have viscoelastic characteristics. Many researches for the circulation flows at the corner of cap-
illary die and die swell have been performed to investigate the complicated viscoelastic flow behaviors. This study is an
extension of previous researches from the capillary die to an annular die. Flow behaviors and die swells in an annular
die have been investigated in this study. Rheological properties required in computer simulation were measured through
experiment. And then computer simulation of die extrusion has been performed using non-linear viscoelastic model and
generalized Newtonian model. Pressure and velocity distributions inside of the annular die have been analyzed. Extruded
profiles of annular shape have been predicted and analyzed. Inner and outer profiles of annular shaped extrudate were
different according to the rheological models whereas pressure and velocity distributions inside of the annular die were
similar. Detailed phenomena of die swell have been analyzed for various relaxation times in the PTT (Phan-Thien Tanner)
model, which was used for the non-linear viscoelastic model. Swells of outer diameter, inner diameter, and thickness for
diverse flow rate have been also analyzed quantitatively.

Keywords: annular shaped die, viscoelastic, computer simulation, die swell, velocity profile.
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Figure 1. Geometry of die land for the extrusion of annular shaped
product.
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Figure 2. Shear viscosity, storage and loss moduli for studied mate-
rial.
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Figure 3. Curve fitting of shear viscosity using Cross law model.
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Table 1. Parameters in the Cross Law and PTT Models Used
in This Study

Cross m (Pa-s) A () m (1)
law 0.612515E+3 0.368397E-2 0.627136E+0

PTT 1-Mode 2-Mode 3-Mode
A 0.000333(Basis/3) 0.001(Basis) 0.003(Basis*3)
n 0.337968E+3 0.648842E-2 0.945592E+3
£ 0.532454E-1 0.413243E-2 0.896745E+0
£ 0.621925E-1 0.413358E-1 0.370004E-4
A 0.000667(Basis/3) 0.002(Basis) 0.006(Basis*3)
n 0.144637E-1 0.712825E-1 0.832526E+3
£ 0.645646E-2 0.123626E-1 0.146851E+0
£ 0.178176E+0 0.323463E-1 0.612615E-4
A 0.001333(Basis/3) 0.004(Basis) 0.012(Basis*3)
n 0.150607E+3 0.126267E-1 0.641175E+3
£ 0.128303E-1 0.162134E-1 0.171759E-1
£ 0.570144E-4 0.114810E+0 0.410818E+0
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and extrudate for the computer simulation.

Figure 7. Mesh generation of inside die land and extrudate for the
computer simulation.
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Table 2. Predicted Driving Pressure at the Annular Die Land
Inlet

Generalized PTT
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AP (Pa) 5.749E+6 6.473E+6  6.829E+6 7.429E+6
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Figure 15. Die swell ratio of annular shaped extrudate: (a) outer
diameter swell ratio; (b) inner diameter swell ratio; (c) thickness
swell ratio.
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