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A Study on the Forced Vibration Characteristics of
Laminated Composite Thin-Walled Beams

Oh-Seop Song* and Joung-Su Ju**

ABSTRACT

The forced vibration response of laminated composite thin-walled beams of biconvex-type cross-
section exposed to various concentrated and/or distributed, time-dependent external excitations
is investigated. The thin-walled beam model incorporates a number of nonclassical effects of
transverse shear, primary and secondary warping, rotary inertia and anisotropy of constituent
materials. The forced vibration response characteristics of a composite thin-walled beam
exhibiting the circumferantially asymmetric stiffness (CAS) configuration are exploited in
connection with the structural bending-torsion coupling resulting from directional properties of
fiber reinforced composite materials and from ply stacking sequence. An exact solution
methodology based on the Laplace transform technique and an approximate solution technology
based on the extended Galerkin procedure are investigated and the results from these two
different methodologies are compared.
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Fig. 1. Displacement field for the biconvex thin-
walled beam model.
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Table 1. Comparision of first three bending natural
frequencies

Fiber Extended Laplace Transform
orientati on | Galerkin’s Method Method

w, @, , @, @, @y

o 40.3 | 250.6 16939 40.3 | 250.6 | 693.8

90 239.3 | 1280 | 3014 |239.3 | 1280 | 3014

(unit : rad/s)

Table 2. Comparision of non-dimensional dynamic
responses in deflection at free~end

Fiber Excitation | Extended Laplace
orientation | frequency | Galerkin’s | Transform
o, (rad/sec) | Method Method
& 50 0.00278918 | 0.00278918
100 0.000375133 | 0.000375139
oF 50 (0.0000413359 0.0000413359
100 0.0000483027 | 0.0000483027

FoL
(Fo=——=5x107, 7,=0.5)

55

o A7 45°, 80° o A] 23} o] o] o3 F3}
7F 7P E A vebyet

Table 514 = At g £97} 39 T4A 55

Table 8. Natural frequencies for fiber orientations

Fiber
orientation , w, @,

0 40.3 250.6 625.6
30 435 270.1 746.7
45 52.4 324.4 892.0
60" 715 472.7 1270
75 136 773 1333
o 239 1280 3014

(unit : rad/s)

Table 4. Effect of secondary warping effect on
the natural frequencies for various fiber
orientations

o w, @, Wy
a b a b a b

0| 03| | 206 | G5 | 6256 | G
W |5 |G| 701 | (%] 16T | (5
5|52 g | 4 ) Glosh | 200 | $
5|75 | (o | 27| G| 1210 | 35
T G| T (| 1398 |5
0| B || 60 | (a | 1280 | 32

6 : Fipber orientation

a * with secondary warping restraint effect

b without secondary warping restraint effect
( ) : % difference

Table 5. Effect of transverse shear on the bending
natural frequencies

0 o, o, w,

a b a b a b
. 403 952.1 7038
O | 403 | (%) | 2506 | (55) | 6939 |(149)

o 247 1545 4313
01289 (3495 | 1280 | (g7g5) | 3014 | (4327
0 : Fiber orientation
a ! with transverse shear
b : without transverse shear
( ) : % difference
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Fig. 15. Dynamic responses of deflection vs. time
for non-harmonic exponentially decaying

force(0=45").
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Fig. 16. Dynamic responses of deflection vs. time
for non-harmonic triangular pulse(8=45°).

Fig. 17. Dynamic responses of torsion angle vs.
time for non-harmoenic triangular pulse(g=

457).
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