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Abstract

This paper proposes a dynamic analysis method for -obtaining ‘exact solutions
Timoshenko beams, which are inherently subjected to both the bending;and torsional. vibrations.

of composife j
In this!

paper, the bending-torsion coupled vibration of composite Timoshenko beam is rigorously modelled and

anialyzed.
vibration of composite Timoshenko beam structure,

Two numerical examples are provided to validate' and illustrate ' the bending-torsion coupled

The numerical examples prove that the proposed

method is of great use for the dynamic analysis of dynamic structures composed of" multlply connected

comp051te Timoshenko beams.
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Table 1 Specifications of numerical model 1

Property ‘ Data
length, m 0.1905
width, m 0.0127 E
thickness, m ~0.00318 g
El, Nm' 0.2865 £
GJ, Nm’ 0.1891 ;
K, Nmr 0.1143
m, kg/m 0.0544 '
Lo, kem _0.7770%10~° 9 5
kAG, N 6343.3 Axial Position (mm)

Table 2. Comparison of natural frequencies from Fig. 3 Transverse(bending) mode shapes for first

three modes of numerical model 1: (a)

reference [8] and the proposed method . .
- First; (b) Second; (c¢) Third

Natural Frequencies (Hz)

Moede Reference[8] Proposed method
1 30.75 30.75 wh B
2 189.8 189.8 g (-0 ~vl o @
3 518.8 518.8 g’ LN
4 648.3 6483 B0} AENY
5 986.1 986.2 z DR

g-20-
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a4 F stk ‘ -0 L L :

Y 50 100 150
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Fig. S Change in ‘transverse frequency response

Table 4 Mechanical properties of composites for
numerical model 2

ST R Gy = .
* Material tyf)es Ey | E Gy Go | 5 V2
| “Gpa__ | kalm’|

Graphite-epoxy. | : )
7 |144.819.65| 4.14 | 3.4511389.23| 0.3
(AS4/3501-6) | ‘
Graphite-epoxy
* (T300/N5208) ‘
Kevlar49:epoxy |76.0.[5.56! 2.30 |1.618 1460.0 [0.34"

181.0/10.3 | 7.17 {3.433| 1600.0 0.28

Table 5 Specifications of numerical model 2 -

functions of numerical model 1 with the ‘ Df
. . . C . Data ;
- coupling stiffness (K) varied Property | ™ 5 ‘ ey
Tahle 3 Comparison of natural frequenc1es with length, r‘nm"“ L 50 80 70
‘the coupling stiffness K varied for widih, mm . > 8 7 ‘
numerical model 1 thickness, mm — 3 ‘ > 4 ‘

. El, Nt . 0.5287 6.0524 | 0.9603
~, Natural Frequencies (Hz) ?{J’IEIH:Z : gg;g };gg? ‘ 8;3; ‘
Mode K=0 K=0.1 K=02 » NI L 0281 4 B.L7os

e ‘ : , Cke/m | 1389, . 0.0, .
U | 352831 | 318697 | 18.0690 fa’igghm“ SR T et
2 217.3412 196.6147 112.0106 - 0.59042 4.7467 2.2143

3 | 5926258 | 537.0979 | 308.2939 L0 ‘
4 1119.8473 648.1764 584.9780 o 5.9573 25.440 6.1962.
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Fig. 6 Numerical model 2: a simply supported,

three-stepped  composite . Timoshenko

beam structure

Table 6 Comparison of natural frequencies by the
change of length of the second part beam

Natural Frequencies (Hz)

Mode L,=8cm L,=9cm L,=10cm
1 190.6876 201.9147 214.3792
2 635.5442 656.9214 686.7296
3 1852.4583 1874.6980 1871.0547
4 3134.4560 3222.5134 3313.2890
5 4062.7516 4234.5087 4427.6272
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Fig. 7 Change in rotational frequency response
funct1ons at the left end of numerical
model 2 with the length of the second
beam varied: (a)L2=80mm; (b)L.2=90mm;
(c)L2=100mm
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three modes for numerical model 2 with
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