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In the present paper, a steady state vibration of CFRP laminated beam were evaluated

using finite element method. The viscoelastic constitutive equation of the CFRP laminate

can be estimated by homogenization method with the anisotropic elastic moduli of the

carbon fiber and viscoelastic property of the matrix resin. The viscoelastic property of

the matrix resin were evaluated by dynamic modulus analyses (DMA) experimentally.

The master curve of the viscoelastic property of the resin can be obtained by time-

temperature superposition principle. Using viscoelastic-anisotropic moduli of the CFRP

laminate derived by homogenization analyses, natural frequencies and mode damping

ratio of the beam can be estimated by finite element analyses of steady state bibration.

The relation between damping ratio, volume fraction and orientation of the fiber were

investigated. Furthermore, the variation of the damping ratio against vibration mode

were compared and discussed in detail.
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Fig.2 Strage elastic modulus v.s. frequency.
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Fig.3 Master curve of strage elastic modulus.
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Table 1 Coefficient of Maxwell.

E [GPa]  0.535 A1 [sec.] 4.6E+16
E>[GPa]  0.535 Az [sec.] 4.2E+15
E3[GPa]  0.428 Az [sec.] 5.8E+14
E4[GPa]  0.428 A4[sec.] 3.8E+13
E5[GPa]  0.143 s [sec.] 1.6E+13
E¢[GPa]  0.143 A [sec.] 8.8E+11
E7[GPa]  0.089 A7[sec.] 9.6E+10
Eg[GPa]  0.071 Ag[sec.] 6.3E4+9
E9[GPa]  0.071 Ag|[sec.] 2.6E+8
E10[GPa] 0.053 | Aig[sec.] 1.1E+7
E11|GPa] 0.053 A11[sec.] 1.0E+6
E12[GPa] 0.053 | Ai2[sec.] 5.0E+4
Eq3|GPa]  0.053 A13[sec.] 3.6E+3
E14[GPa]  0.053 | Ai4fsec.] 1.5E+42
E5|GPa]  0.036 Ais[sec.] 1.5E+1
E6[GPa] 0.036 | Aig[sec.] 1.0E40
E17|GPa]  0.036 Ai7[sec.] 1.0E-1
E3[GPa] 0.036 | Aig[sec.] 8.0E-3
E19|GPa] 0.036 A1g[sec.] 1.0E-3
E90[GPa] 0.036 | Agq[sec.] 1.0E-4
E51[GPa] 0.036 21 [sec.] 1.3E-5
E22[GPa]  0.606 A2a[sec.] 1.0E-8
Fo[GPa] 359 | Eoo[MPa] 253
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Fig.6 Master curve approximated by Maxwell model.

Fig.7 3 dimensional FEM model for CFRP beam.
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Table 2 Natural frequencies of CFRP and Epoxy beams.

Mode 1 Mode2 Mode3 Moded4d Mode 5
Epoxy [Hz] 42.0 264 737 1436 2357
CFRP 90°, 30vol% [Hz] 50.5 317 885 1724 2825
CFRP 90°, 60vol% [Hz] 63.4 397 1108 2158 3536
CFRP 0°, 30vol% [Hz] 181.5 1103 2955 5464 8459
CFRP 0°, 60vol% [Hz] 241.5 1469 3935 7279 11274

b) 30 vol.%

Fig.8 Unit cell model for homogenization analyses.
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Fig.9 Relaxation modulus Fr, of CFRP laminate obtained

by homogenization analyses.

T T T T T T T

10 ——— Epoxy

Relaxation modulus [GPa]
W

Time [sec.]

Fig.10 Relaxation modulus Er of CFRP laminate obtained

by homogenization analyses.
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b) 90° model

Fig. 11 0° and 90° model of CFRP beam.
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Table 3 Mode damping ratio of CFRP and Epoxy beams.

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
Epoxy 4.62x 1073  4.75x 1073 470 x 1073  4.40 x 1073 3.90 x 103
CFRP (30vol%, 90°) 3.63 x 1073 3.54 x 1073  3.56 x 1073  3.23x 1073 2.86 x 10~3
CFRP (60vol%, 90°)  2.66 x 1073 244 x 1073 243 x 1073 211 x 1073 1.92x 1073
CFRP (30vol%, 0°)  1.05x 10™% 5.06 x 107% 6.47 x 1074 9.71 x 107* 1.34 x 1073
CFRP (60vol%, 0°) 148 x 1074 3.53x 1074 5.12x 107% 848 x 107% 1.16 x 1073
10 [1-107] ‘ ‘ ‘ (11077
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Fig.14 Diagrammatic illustration of half width method.
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