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Spectral Element Analysis of the Vibrations of Moving Plates
Subjected to Axial Tension
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ABSTRACT

The use of frequency—dependent dynamic stiffness matrix (or spectral element matrix) in structural dy—
namics may provide very accurate solutions, while it reduces the number of degrees—of—freedom to im—
prove the computational efficiency and cost problems. Thus, this paper develops a spectral element model
for the thin plates moving with constant speed under uniform in—plane tension. The concept of Kantorovich
method is used in the frequency—domain to formulate the dynamic stiffness matrix. The present spectral
element model is evaluated by comparing its solutions with the exact analytical solutions. The effects of
moving speed and in—plane tension on the flexural wave dispersion characteristics and natural frequencies
of the plate are numerically investigated.
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Table 1 Comparison of the natural frequencies(Hz) obtained by the present SEM, FEM, and the exact

analytical method (Gorman™")
Mode Numb 1st Mode 3rd Mode 5th Mode 7th Mode 9th Mode
ode Humber a,n @ 1 3 1 a3 2 3)
Analytical (Gorman™") 17.16 35.99 58.02 73.47 92.43
Method A 17.19 36.17 58.46 73.46 92.46
SEM 1x1 element 0.17%)" (0.51%) 0.76%) (0.00%) (0.04%)
Method B 17.19 36.17 58.46 81.50 85.19
1x1 element (0.17%) 0.51%) (0.76%) (1.94% ) (7.83%)
349 elements 17.18 36.16 58.501 72.73 89.66
CEM * (0.16%) (0.49%) (0.84%) (1.00% ) (3.00%)
1030 clement 17.16 36.01 58.08 73.37 92.12
GIEMENtS |\ 0.029) (0.05%) 0.10% | (013%) | (0.33%)

Note: The numbers in ( ) indicate the % errors with respect to the exact analytical results.

Table 2 The natural frequencies dependence of the moving speed of plate and the in—plane tension

. . Natural Frequency (Hz)
Moving Tension
Speed ¢ N, (Nm)
1st Mode 3rd Mode 5th Mode 7th Mode 9th Mode
210" 10.27 2342 41.34 64.95 81.73
a,n 2,1 3.1 4,1 4, 2)
0 4x10" 14.16 30.47 50.63 72.81 90.39
1,1 20 3, 1) (1,3 2,3
610" 17.19 36.17 58.46 73.46 92.46
1Q1n 21 31 1,3 @,3)
910" 8.24 20.80 38.76 62.50 79.30
1,0 21 3D 4,1 4,2
1 11.07 25.87 45.71 70.64 85.81
05¢x 410 (L1 @ 31 1,3 4.2
6x10* 13.29 29.94 51.40 70.45 88.25
(LD 2, D 3D 1,3 2 3
910" 1.59 1242 30.67 54.93 71.91
(1,1 2,1 3,1 4, D 4,2
c 410! 1.25 11.37 30.28 55.92 71.35
“ Ly @ C)) 4,1 “,2
610" 1.06 10.46 29.36 55.81 70.34
1, 2,1 3D 4, D 4,2

Note: {m, n) indicates the mode number.
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