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In the present paper, viscoplastic constitutive equation of unidirectional carbon fiber

reinforced plastic (CFRP) is investigated by numerical approach based on finite element

method(FEM) and homogenization theory. Thermo viscoplastic constitutive equation of

epoxy resin have been estimated by uni-axial tensile tests and compression creep tests.

The parameter of approximation equation of the constitutive equation was identified based

on J2 flow theory. The constitutive equation of the CFRP laminate can be identified by

the thermo viscoplasitic property of epoxy resin and elastic moduli of carbon fiver using

finite element method and homogenization theory. The effect of strain rate, volume

fraction of fiber and temperature for the viscoplastic property of CFRP was clarified by

some numerical demonstration with the present method.
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Fig.1 Universal tensile testing machine AGS-J-5kN (left),
High-rate tensile testing machine HITS-T10 (right).
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Fig. 2 Stress-strain curve in Epoxy resin obtained by uni-

directional tensile tests and its numerical simulation.

Table 1 Material constants of epoxy resin.

E[GPa] 3.59 | éy[s™'] 0.02
v 0.36 | oy[MPa] 90.0
n 0.2 | Y[MPa] 10.0
m 0.05 k 100
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Fig.3 Equipment of creep test.
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Fig. 4 Creep function of epoxy resin obtained by unidirec-

tional creep test.
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Table 2  Shift factor of epoxy resin at 120, 130, 140°C.

Temp.[°C]  Shiftfactor ag, (T')
120 3.54 x 104
130 7.79 x 1018
140 9.37 x 104
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Fig.5 Unit cell model of unidirectional CFRP laminate.

Table 3 Elastic moduli of carbon fiber MRK-M2-40.

Er  217.3GPa
E;,  26.0GPa
Grr  26.4GPa
vir 0.337
vrT 0.530
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Fig.6 Relation between macro stress and macro strain

estimated by homogenization theory (0° direction).

300 —————————————————
F 60vol% E
QE?: 250 / 40vol%
E‘ 200 ; /;l 20vol% Ovol% ;
2 E 0/ ]
Z 150 s 1
2 F AP Rl ]
o r i e 1]
S 100p // el T B
& F e — 205! ]
250 e 025! ]
s - 0.002 s ]
0 1 1 1 1 1 1 1 1 1
0 002 004 006 008 0.10

Equivalent strain
Fig. 7 Relation between macro stress and macro strain

estimated by homogenization theory (45° direction).
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Fig.8 Relation between macro stress and macro strain

estimated by homogenization theory (90° direction).
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Fig.9 Relation between macro stress and macro strain

under several temperature (6=0.2s"*, 0 and 20vol%).
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Fig. 10 Relation between macro stress and macro strain

under several strain rate (20vol%, 25 and 130°C).
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Fig.11 Creep function of the CFRP laminate for 90°

direction obtained by homogenization analyses.

0.0008;

60vol%, 140°C
&
& 0.0006}
=
§ 60vol%, 130°C
§ 0.0004 ’
5
i=
=
£0.0002
o
@)

|

0 20000 40000 60000 80000
Time [sec.]
Fig.12 Creep function of the CFRP laminate for 90°

direction obtained by experimental creep tests.
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