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Simulation of process-induced deformation of thermosetting FRP by Multiscale FEM
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Fig.1 Unit cell model
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Table.1 Parameters for FEM calculation

Parameter Value
Glass
Ey[GPa] 70
v 0.3
ar 5x107°
Epoxy Resin
Mechanical
Go[GPa] 0.978
Vo 0.38
ar(T < 52°C) 83 x107°
ar(T Z 52°C) 180 x 10=°
T,[°C] 52
Er[kj/mol] 56.845
€A -0.017692+0.01203
Prony Parameters
g1 0.034070 T1 0.00096635[sec]
92 0.077824 Ty 0.0092200(sec]
g3 0.21788 T3 0.075995[sec]
Ja 0.13987 Ty 0.81482 [sec]
IJs 0.32592 Ts 4.2646 [sec]
e 0.13783 T 37.524 [sec]
g7 0.046842 T 247.22[sec]
Js 0.0094683 Tg 4775.9(sec]
9o 0.0016538 Ty 82826 [sec]
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Table.2 Instantaneous and long-term stiffness
(T=52°C, 1=1.0)

Element Instantaneous [GPa] Long term [GPa]
Q11 10.56 7.138
Q12 6.445 7.098
Q13 5.707 5.684
Q33 40.19 39.55
Q44 2.735 0.02748
Q66 3.491 0.06717




Normalized long-term stiffness.
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Fig.2 Normalized stiffness components of FRP (1 =1.0)
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Fig.3 Normalized long-term stiffness
(Qoo, T=527C)

components of FRP
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Fig.4 Stress components of FRP (1 =1.0)
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Fig.6 Relationship between long-term stress of FRP and
degree of cure
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Fig.7 Stress components of FRP (1 =1.0)
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Fig.5 Coefficient of thermal expansion of degree of cure
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Fig.8 Cure strain coefficient of degree of cure
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Fig.9 Relationship between long-term stress of FRP and degree of

cure
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