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Identification of Anisotropic Parameters
for Hybrid Laminated Composites
Using FEM Eigenvalue Analysis

Kin'ya MATSUMOTO, Masaru ZAKO and Masami FURUNO

Elastic parameters are essential for structural analysis. The elastic parameters of laminated
composite materials, however, are difficult to determine by either theoretical or experimental
approaches because of their anisotropy. This paper presents an inverse analysis method to identify
anisotropic parameters of laminated composite materials using FEM eigenvalue analysis. A shell
element model is formulated for unsymmetrically laminated composites. The modal assurance
criterion, MAC, is adopted to compare analyzed vibration modes with observed modes, because the
order of vibration modes of anisotropic materials changes according to the ratio of elasticity Ei/Er.
As numerical examples, elastic parameters of single- and multilayered composite plates are

identified.
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Fig.3 Natural frequencies of an anisotropic plate

60 EFE L. during identifying process
Tablel Identified parameters of rectangular plate
Parameters | Initial Target Identified Error %
|sotropic plate
Tensile modulus E GPa 1000 200.0 1979 1.1
Poisson’s ratio % 0.400 0.300 0.300 0.0
Anisotropic plate
Tensile modulus E. GPa| 1000 200.0 198.8 0.6
E: GPa| 1000 50.0 50.2 04
Shear modulus G GPa 10.0 17.0 16.8 1.2
Poisson’s ratio Vir 0.300 0.250 0.260 40
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Table2 Identified parameters of laminated plate

Parameters " Target | 6=15" Error% 6=30 Error%! 6=45" Error%
<supported> i | T

Tensile modulus E: GPa| 200.0 1995 03 | 1987 0.7 1985 0.8

E- GPa| 50.0 506 12 506 1.2 506 1.2

Shear modulus Gur GPa| 170 16.7 18 16.7 18 168 12

Poisson’s ratio Vir 0.250 0252 08 ' 0254 16 0.265 6.0
<fixed> ‘ |

Tensile modulus E: GPa| 200.0 2000 0.0 1983 09 1970 15

Er GPa' 500 507 14 51.1 22 509 18

Shear modulus Gir GPa 170 17.1 0.6 16.1 53 16.7 18

0.275 100

Poisson’s ratio Vir 0250 | 0227 9.2 0273 9.2 |

Table3 Identified parameters of hybrid laminated plate

Parameters Target | 6=15" Ermror% 0=30" Eror% 6=45 Error%
<supported> w
Tensile modulus E:  GPa 2000 1928 3.6 1925 38 | 1867 6.7
Er GPa| 50.0 542 84 542 84 576 15.2
Shear modulus Gur GPa| 170 163 41 163 4.1 154 94
Poisson’s ratio Vir 0.250 0274 96 ~ 0284 136 | 0305 220
<fixed> ] i
Tensile modulus E: GPa 200.0 193.1 35 1928 36 1864 6.8
Er GPa: 500 541 8.2 537 174 56.5 13.0
Shear modulus G GPa) 170 165 29 165 29 164 35
Poisson’s ratio Vir 0.250 0.255 2.0 0273 9.2 I 0286 144
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Fig.7 Effect of measurement error on identified precision

(single layered anisotropic plate, supported)
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