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Application to Non-linear Viscoelastic Model on Capillary
Extrusion of Rubber Compounds

S. H. Choi, M.-Y. Lyu, H. J. Kim, D. M. Park, and J. H. Jun

Abstract
Rubber compounds have high viscoelastic property. One of the viscoelastic behaviors during profile extrusion is the
swelling of extrudate. In this study, die swell of rubber compounds at the capillary die have been investigated through an
experiment and computer simulation. They have been performed using fluidity tester in experiment and commercial CFD
code, Polyflow in computer simulation. Die swell of rubber compounds for relaxation time at several modes under same
conditions with the experiment were predicted using non-linear differential viscoelastic model, Phan-Thien-Tanner (PTT)
model. The simulation was analyzed compared with the experiment. Viscoelastic behaviors for pressure, velocity and

shear rate distribution were analyzed at the capillary die. It is concluded that the PTT model successfully represented the
amount of the optimal die swell of rubber compounds for relaxation time at different modes.

Key Words: Rubber Compounds, Extrudate Swell, Relaxation Time, Phan-Thien-Tanner Model, Capillary Die,
Non-linear Viscoelastic Model
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Fig.1 RPA 2000 (Rubber process analyzer)

Table 1 Material properties of C3 at temp. 110TC
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Fig.3 Boundary conditions for the die swell
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Fig.4 Curve fitting for compound C3 using PTT
model
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Fig.6 Curve fitting for compound C3 using Power law
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Table 4 Parameters in the PPT model after curve fitting
for compound C3 at different modes
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. A= 00185 Orign) |0 (9OASE 08
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Fig.7 Die swells for flow rate at several modes

3.3 Pressure distribution

Fig.8 € t%g o)X Relaxation time ©l
T& Capillary die o]A49 FHELXE HoFm
ATt. AH RS Reservoir olME BRHA &
3, Capillary die & A|YHA dojyr] A3
t}. RE REo|AM Relaxation time ©] AZTE
483t Solze AL € F UL

oo 4 - auiveg
oW R - TR

e 4 DBM NG
Eqow ezap o HVEELE

© sotE AT B0y
i sifie - BRIAETR Gl

Fiomrgas - SHMILrhion Koo vt TEMATE (Ve

Fig.8 Pressure distribution for relaxation time at

several modes
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