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Dynamics of an Axially Moving Timoshenko Beam
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ABSTRACT

The use of frequency-dependent spectral element matrix (or exact dynamic stiffness matrix) in structural
dynamics is known to provide very accurate solutions, while reducing the number of degrees-of-freedom to
resolve the computational and cost problems. Thus, in the present paper, the spectral element model is formu-
lated for the axially moving Timoshenko beam under a uniform axial tension. The high accuracy of the pre-
sent spectral element is then verified by comparing its solutions with the conventional finite element solutions
and exact analytical solutions. The effects of the moving speed and axial tension on the vibration characteris-

tics, the dispersion relation, and the stability of a moving Timoshenko beam are investigated, analytically and

numerically.
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Table. 1 Comparison of the natural frequencies obtained by the present spectral element model
(SEM), the conventional finite element model (FEM) and the analytical method [13]

( mc/s) : k]\}/;m) Method Ne NVoor) . Natural Frequency (Hz)
1 @ @3 @5 @ @5
Analytical [13] - 2299 9191} 206.63| 572.3912260.924985.98
SEM 1(2) 22991 91.91| 206.63| 572.39|2260.92|4985.98
0 0 10 (20) 22991 91.92| 206.75| 574.99|2541.59|6352.15
FEM 50 (100) | 22.99] 9191 206.63] 572.41]2262.09}4998.30
100 (200)| 22.99| 9191 206.63| 572.39|2261.17|4988.63
SEM 1(2) 28.74| 98.17| 213.00| 578.84|2267.45(4992.58
0 i 10 (20) 28.741 98.18| 213.13| 581.42|2547.47|6357.62
FEM 50(100) | 28.74| 98.17| 213.01| 578.862268.61|5004.88
100 (200)] 28.74| 98.17] 213.00| 578.842267.6914995.23
SEM 1(2) 0.00] 8293] 200.02} 567.33|2256.42|4980.86
. : 10 (20) 033 8297 200.24| 570.52[2540.946359.58
FEM 50 (100) 032} 82.94| 200.03| 567.36]2257.66|4993.52
100(200) 0.32| 82.94| 200.03| 567.34|2256.69 | 4983.60

Note: Ny = the number of finite elements, Npor = the number of degrees-of-freedom
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