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Prediction of mechanical properties of thermoplastic resins considering molding temperature
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Thermoplastic resins used in thermoplastic composite mostly have semi-crystalline properties. It is
known that the microscopic structure changes depending on the crystallization temperature and that the
mechanical properties change accordingly. In this study, the mechanical properties of thermoplastic resins
are predicted by stepwise analyses combining crystallization simulation based on phase field method,
followed by finite element analysis using the obtained crystalline structure. In the crystallization
simulation the effect of crystallization temperature at isothermal crystallization process is taken into
account. The constitutive equations are based on the assumptions that the amorphous phase exhibits elastic
or hyperelastic behaviors, whereas the crystalline phase behaves as elastic-perfectly plastic solid. Finally,
comparing the simulation result with experimentally obtained Young’s modulus, Poisson’s ratio and Yield

stress, accuracy of this method is validated.
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Fig.1 POM image of isothermally melt-crystallized PPS [1]
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Fig.2 Simulation of PPS crystal and direction
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Table 1
Material parameters of PPS in crystallization simulation
T, =100°C W =20 a=0.02
T = 280.5°C £=1/3 ax = 0.9
Temax = 180 °C K=14 y =10
75 =3.0 D=10"m dz=dy=1
dt =0.1

(b) T.=180°C
Fig.4 Distribution of phase field variable

(¢) T.=210°C
(¢ =1 in crystalline phase, and ¢ = 0 in amorphous phase)
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temperatures and Poisson’s ratio Fig.6 Stress-strain curves of obtained by linear elasticity model

for amorphous and perfectly plasticity model for crystal.
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Fig.7 Relationship between crystallization temperature and
yield stress
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Fig.8 Distribution of phase field variable at T, = 180°C

(=1 in crystalline phase, and ¢=0 in amorphous phase)

+7.000e-01
+6.333e-01
+5.667e-01
+5.000e-01
+4.333e-01
+3.667e-01
= +3.000e-01
+ +2.333e-01
+1.667e-01
+1.000e-01
+3.333e-02
-3.333e-02
-1.000e-01

(a) Elastic strain distribution
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(b) Plastic strain distribution
Fig.9 Comparisons of (a) elastic and (b) plastic strain
distributions in the crystal structure formulated at T, = 180°C
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