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Table 1 Crystalline parameters

Parameter Value Parameter Value
He (J/kg) 2.09 x 10° ¢, (C) 10. 0 b
X 0.5 €, (Pa) 5.5 x10° =
n 3.0 K, (K*) 2.99 x 10° £
f=]
) 1 G 2
t, (s°K") 5.99 x10'® ) 2.07 x10° 3
L/, =
2 =
k=
a 10. 0 f 1.0 x10*
r.°(C) 172.0 h 1.5
T, (C) -10 m 0.4

Flow front (s)

1.00
0.86
0.71

0.57
0.43
0.29

10.14
0.00

Induction time index

20

Fig. 1 Flow front at time 0.5 s 4
(b) 2 o0 0 x(um)
2
Fig. 2 Induction time index distribution at end of filling stage
a) Injection temperature 260°C  mold temperature 20°C ;
b) Injection temperature 260°C mold temperature 60°C
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Fig. 3  Distribution of relative degree of crystallinity when cooled for
50 s after filling
a) Injection temperature 260°C  mold temperature 20°C ;

b) Injection temperature 260°C  mold temperature 60°C
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Fig. 5 Distribution of relative degree of crystallinity when

cooled for 50 s with mould temperature 45°C
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Fig. 6 Effect of latent heat due to crystallization on

temperature field of part during cooling

(b

a) Taking no account of crystallization; b) Taking account
. o . .. of crysatllization
Fig. 4  Distribution of relative degree of crystallinity at Y

different times during cooling

a) Cooled for 30 s; b) Cooled for 40 s
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THREE DIMENSIONAL NUMERICAL SIMULATION OF POLYMER
CRYSTALLIZATION DURING PLASTIC INJECTION MOLDING

YAN Bo’ LI Yang' KONG Xiao® ZHAO Peng' LI Dequn'
(' State Key Laboratory of Material Processing and Die & Mould Technology
Huazhong University of Science and Technology Wuhan 430074)
(C National Engineering Research Center of Die & Mold CAD  Shanghai Jiao Tong University Shanghai 200030)

Abstract The crystallinity distribution of polymers has a significant dependence on injection processing and
determines the part properties. Speed pressure and temperature fields are obtained from 3D numerical
simulation by employing GLS ( Galerkin/leastsquares) SUPG ( Streamline upwind/Petrov-Galerkin) and
GGLS (Galerkin gradient least-squares) methods. The non-isothermal shear stress-induced ecrystallization
kinetics models are proposed based on the hypothesis that shear stress induced orientation of polymer chains
increases the equilibrium melting temperature. The relationship between crystallinity and injection processing is
modeled. SUPG method is used for the stabilized finite element formulation of crystallinity evolution in flow.
Simulations for polypropylene were carried out under different processing conditions such as different injection
speeds and mold temperatures melt temperatures and the results show that crystallinity is very low and can be
neglected when the filling stage is over because of short injection time and high melt temperature. Crystallinity
distribution in the final part is determined by processing parameters which can be varied to bring on the special
crystallinity distribution. Latent heat due to crystallization may often affect the temperature field very much
during the cooling stage.

Keywords Injection molding Shear stress-induced Crystallization kinetics  Crystallinity distribution

Latent heat



