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On the Vibration Analysis of a Vertically Hanging

Laminated Composite Cantilever Beam under Gravity

Tae*Woo Nam® and Ji-Hwan Kim™**

ABSTRACT

This paper is concerned with the gravity effect on the vibration of laminated composite beam
hanging vertically with clamped-free boundary condition. The beam model is based on the classical
laminated beam theory(CLT), the first-order shear deformable laminated beam theory(FSDT),
or the higher-order shear deformable laminated beam theory(HSDT) and it also includes the
effect of tension due to gravity. The finite element method is used in the numerical analysis,
and the natural frequencies and the corresponding mode shapes are obtained according as gravity
parameters. The numerical results obtained by CLT, FSDT, HSDT are compared. The variation
of gravity effects on the vibration according as the ply-angles in the laminated composite beams
are analyzed for three materials, graphite/epoxy, boron/epoxy and glass/epoxy.
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Fig, 1(a) A vertically hanging beam model

under gravity
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Table 1. Comparison of experimental and theoreti-
cal results for orthotropic cantilever beam

Model No. 1 2 3 4
CLT {52.61]330.13 | 932.81 | 1844.97
Present | FSDT |52.59]329.20 | 926.54 | 1822.31
HSDT |52.60] 320.50 | 927.37 | 1823.94
Natural CLT |52.60|330.09932.41| 1839.79
Frequency| Ref.[7} | FSDT |52.58|329.36]927.50 | 1822.06
(0o, Hz) HSDT |52.58] 329,24 | 926.68 | 1819.08
Ref.[9] 52.65(329.78 | 928.29 | 1818.42
Ref.[10]] Theory |52.70]329.00 | 915.90 | 1896.50
Experiment|52.70| 331.80 | 925.70 | 1827.40
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Table 2. Property of composite materials

boron/epoxy | graphite/epoxy | glass/epoxy
[10] (11l (12]
E, 258.01 GPa 144,80 GPa 9.71 GPa
Ey 26.46 GPa 9.65 GPa 3.25 GPa
G, | 10.69 GPa 4.14 GPa 0.90 GPa
Gz 5.11 GPa 4.14 GPa 0.90 GPa
Gos 26.51 GPa 3.45 GPa 0.33 GPa
Vio 0.27 0.30 0.29
p |1550.00 Kg/m3|1389.23 Kg/m®|1374.00 Kg/m®
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