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Free Vibration Analysis of Three Dimensional Solid
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Abstract : The author developed a computer program for the free vibration analyses of three dimensional

solid structures by using the Sylvester-transfer stiffness coefficient method introducing the rectangular

hexahedron element of the finite element analysis. In this paper, the computational algorithm for the free

vibration analyses of three dimensional solid structures is formulated by the proposed method. The

computer program is applied to the free vibration analyses of three dimensional solid structures which

are a cube, an anvil, and a three dimensional cantilever beam structure. The trust of the proposed

method is confirmed by comparing numerical results of the proposed method with those of the finite

element method, experiment and analytical solution.

Key Words : Free vibration, Three dimensional

method, Rectangular hexahedron element
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solid structure,

Sylvester-transfer = stiffness coefficient
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Fig. 3 Rectangular hexahedron element
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Table 1 Natural frequencies (Hz) of the three
dimensional cube computed by using
S-TSCM

Order 4x4x4 6%6x6 8x8x8

1 283.12 278.14 276.06

2 283.12 278.14 276.06

3 384.22 377.56 374.79

4 664.60 658.20 655.62

5 763.69 741.62 733.10

6 763.69 741.62 733.10
Table 2 Natural frequencies (Hz) of the three

dimensional cube computed by using FEM”
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Table 3 Natural frequencies (kHz) of the anvil obtained by using S-TSCM and experiment
Order 3x3x1 6X6x2 9x9x3 12x12x4 15x15%5 18x18x6 | Experiment”
1 2.00 1.90 187 185 1.84 1.84 1.82
2 3.53 2.93 2.80 2.74 2.72 271 2.67
3 4.53 3.61 34 333 3.29 3.27 3.18
4 4.79 4.35 4.16 4.09 4.05 4.03 4.00
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Table 4 Computed natural frequencies (Hz) for the three dimensional cantilever beam with mesh Nx1x1

Order | 20x1x1 50x1x1 | 100x1x1 | 200x1x1 | 300x1x1 | 400x1x1 | Reference” Mode”

1 27.24 13.77 10.52 9.53 9.34 9.27 8.27 bending(z)
2 31.07 20.28 18.22 17.66 17.56 17.52 16.54 bending(y)
3 171.11 86.28 65.87 59.69 58.48 58.05 51.83 bending(z)
4 194.93 126.95 113.99 110.50 109.84 109.60 103.65 bending(y)
5 481.97 241.66 184.35 167.03 163.62 162.41 145.12 bending(z)
6 547.96 354.85 318.35 308.53 306.67 306.01 284.37 bending(z)
7 639.62 473.85 361.01 326.97 320.27 317.90 290.23 bending(y)
8 953.69 637.16 596.27 539.79 528.70 524.76 470.09 bending(z)
9 1081.13 693.73 621.53 602.14 598.47 597.17 568.74 bending(y)
10 1285.89 | 784.07 636.57 636.38 636.35 636.33 588.28 torsional

Table 5 Computed natural frequencies (Hz) for the three dimensional cantilever beam with mesh Nx2x1

Order 20x2x1 50%x2x1 100x2x1 200%2x1 300%2x1 400x2x1 Reference”
1 27.15 13.58 10.27 9.26 9.06 8.98 8.27
2 30.75 19.77 17.64 17.06 16.95 16.91 16.54
3 170.54 85.11 64.32 57.98 56.72 56.28 51.83
4 192.94 123.76 110.38 106.75 106.06 105.82 103.65
5 480.40 238.40 180.03 162.23 158.72 157.47 145.12
6 542.47 345.97 308.32 298.12 296.18 295.49 284.37
7 639.61 467.51 352.58 317.61 310.71 308.26 290.23
8 950.67 637.14 582.41 524.40 512.97 508.91 470.09
9 1070.63 676.55 602.08 581.95 578.12 576.77 568.74
10 1285.88 773.67 636.54 636.34 636.30 636.28 588.28

Table 6 Computed natural

frequencies (Hz) for the three dimensional cantilever beam with mesh Nx4x2

Order 20x4x2 50x4x2 100x4x2 200x4x2 300%x4x2 400x4x2 Reference’
1 27.01 13.29 9.88 8.82 8.61 8.53 8.27
2 30.63 19.57 17.42 16.83 16.72 16.68 16.54
3 169.69 83.31 61.90 55.26 53.94 53.46 51.83
4 192.16 122.51 108.96 105.28 104.58 104.33 103.65
5 478.03 233.39 173.25 154.63 150.92 149.60 145.12
6 540.30 342.44 304.31 293.95 291.98 291.28 284.37
7 616.70 457.74 339.34 302.76 295.48 292.89 290.23
8 946.10 613.93 560.61 499.94 487.88 483.58 470.09
9 1066.38 669.56 594.14 573.69 569.80 568.42 568.74
10 1285.87 757.61 613.23 612.98 612.92 612.90 588.28
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