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Finite Element Analysis for Vibration and Damping
of Composite Laminates Using Complex Moduli

Kyo—-Nam Koo* and In Lee®

ABSTRACT

The shear deformable plate theory is applied to a vibration and damping analysis of fiber-
reinforced composite laminates. The complex engenvalue problem based on the linear viscoe-
lasticity is formulated by finite element method. A modal approach is introduced to save co-
mputation time by reducing the large degrees of freedom of the complex engenvalue problem
using finite element method. The developed computer program can predict the natural fre-
quencies, the modal loss factors and the complex modal vectors. The effect of the fiber orientation
on the natural frequencies and the modal loss factors is investigated.
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Fig. 1. Coordinate Systems of Geometric Axes

and Principal Material Axes.

w

1st
2nd
3rd
4th
5th
6th

mode
mode
mode
mode
mode
mode

w
% QO PO

R

3x3 4x4 5x5
Number of elements

Normalized notural frequencies

[»]

1x1 2x2 6x6
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B 2= glo] B Al ME 5x58.40F Algstdrh Normalized by those of Plate 762 with
6 x 6 Elements.
Table 1. Material Properties[5].
, Ey E | Gu
Materia GPa | GPa | GPa - - o P
HMS/DX-210 | 172.7 | 7.2 3.76 | 7.162x107% | 6.716x1073| 1.122x1072| 0.3 0.5
DX~210/BF400 | 3.21 | 3.21 | 1.20 | 1.041x10°2| 1.041x1072 1.064x102 | 0.34 | 0.0
Table 2. Plate Data[5].
Plate No. of Density Thickness a(=h) .
3 Stacking Sequence
Number Layers kg/m mm mm Ve
762 8 1566 1.58 178 0.516 [0/0/0/0]
764 8 1446 2.12 235 0.342 [0/90/0/90],
770 8 1551 1.62 215 0.494 [0/90/45/~45],
772 12 1636 2.02 216 0.618 [0/F 80/0/%F 601,
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Table 3. Natural Frequencies and Modal Loss Factors for All-free Plates.

Natural Frequencies(Hz) Model Loss Factors( x 1072)

Plate Present Lin er al[5] Present Lin et al[5]

No. |Mode|  pry FEM Exp. X‘;ﬁg‘acha g;’sgtg‘;’ FEM Exp.
1 83.90 83.57 81.5 1.0630 1.0694 1.0758 1.1141
2 111.93 118.42 107.4 0.6418 0.6401 0.6821 0.7799

762 3 204.18 207.79 196.6 0.9347 0.9341 0.9374 0.8694
4 311.32 328.41 295.5 0.6422 0.6426 0.6573 0.7480
5 405.086 419.83 382.5 0.8123 0.8123 0.8133 0.7639
8 546.70 546,93 531.0 0.0771 0.0772 0.0748 e
1 53.20 58.10 68.9 1.4773 1.4773 1.2414 1.0584
2 210.21 213.21 218.9 0.159 0.1590 0.1448 0.1671

764 3 235.79 243.47 251.2 0.4294 0.4295 0.3979 0.4138
4 300.39 302.51 305.4 0.1033 0.1033 0.0955 0.1464
5 318.47 324,16 323.5 0.2540 0.2539 0.2403 0.2706
6 415.65 441.62 452.5 0.4700 0.4700 0.4361 0.4775
1 86.78 86.33 77.8 0.4860 0.4856 0.4950 0.6525
2 225.30 224,49 202.7 0.1235 0.1235 0.1273 0.1464

770 3 280.78 280.42 258.0 0.2659 0.2659 0.2706 0.2706
4 300.10 298.81 298.7 0.0941 0.0942 0.0923 0.1225
5 348.81 348.36 322.0 0.1877 0.1876 0.1894 0.1910
6 510.565 512.24 496.7 0.2853 0.2853 0.2881 0.3342
1 166.46 1656.17 156.6 0.2232 0.2231 0.2292 0.2228
2 276.64 279.14 272.0 0.1353 0.1354 0.1480 0.1401

772 3 384.63 387.80 372.3 0.0972 0.0972 0.1003 0.1035
4 431.01 432.57 407.8 0.1886 0.1886 0.1958 0.2005
5 511.06 511.14 486.1 0.1517 0.1517 0.1560 0.1576
6 787.74 800.37 779.0 0.1352 0.13562 0.1464 -

® Matrix dimension of Eq. (13) is 363 x 363.

# Ten modes are used in the modal approach.
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