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Eigenvalue Analysis of Circular Mindlin Plates
Using the Pseudospectral Method

Jinhee Lee
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Abstract

A study of free vibration of circular Mindlin plates is presented. The analysis is based on the
pseudospctral method, which uses Chebyshev polynomials and Fourier series as basis functions. It is
demonstrated that rapid convergence and accuracy as well as the conceptual simplicity could be
achieved when the pseudospectral method was applied to the solution of eigenvalue problems.
Numerical examples of circular Mindlin plates with clamped and simply supported boundary conditions
are provided for various thickness-to-radius ratios.
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Table 1 Convergence test of A%q of circular Mindlin plates (clamped boundary condition, A/R=0.05, 1=0.3)

KxI Irie
d ! 14x6 16x9 18x12 18x18 24x12 28x12 30x12 et al
0 10.145 10.145 10.145 10.145 10.145 10.145 10.145 10.145
1 38.855 38.855 38.855 38.855 38.855 38.855 38.855 38.855
0 2 84.785 84.979 84.994 84.994 84.995 84.995 84.995 84.995
3 144.23 145.36 146.26 146.26 146.40 146.40 146.40 146.400
4 269.01 222.59 218.28 218.28 220.72 220.73 220.73
0 20.968 20.967 20.967 20.967 20.967 20.967 20.967 21.002
1 58.771 58.779 58.779 58.779 58.780 58.781 58.781 58.827
1 2 112.51 112.85 112.89 112.89 112.90 112.90 112.90 112.976
3 179.01 179.54 180.79 180.79 181.09 181.09 181.09 181.210
4 321.37 264.94 257.99 257.99 260.98 261.02 261.03
0 34.143 34.145 34.145 34.146 34.146 34.146 34.146 34.258
1 830.801 80.844 80.850 80.851 80.850 80.850 80.850 80.933
2 2 142.90 142.33 142.60 142.60 142.65 142.65 142.65 142.684
3 266.78 222.62 216.69 216.70 217.32 217.32 217.32 217.303
4 383.69 402.97 322.29 322.29 302.47 302.63 302.63
0 49.541 49.548 49,548 49.549 49.549 49.549 49.549 49.782
1 104.79 104.87 104.88 104.88 104.88 104.88 104.88 105.028
3 2 174.47 173.47 173.87 173.87 173.95 173.95 173.95 173.973
3 314.54 261.65 253.84 253.85 254.67 254.67 254.67 254.556
4 599.89 462.20 368.61 368.62 344,70 344 .95 34495
0 67.014 67.029 67.034 67.036 67.034 67.034 67.034 67.420
1 131.08 130.69 130.72 130.73 130.73 130.73 130.73 130.948
4 2 217.62 209.78 206.75 206.76 206.68 206.68 206.68 206.693
3 304.02 304.55 303.25 303.27 293.04 293.07 293.07 292.845
4 747.31 433.14 395.22 395.25 388.17 387.93 387.95
0 86.390 86.451 86.463 86.469 86.463 86.463 86.463 87.022
1 158.78 158.19 158.23 158.24 158.24 158.24 158.24 158.532
5 2 253.07 245.03 240.91 240.93 240.72 240.72 240.72 240.698
3 349.04 347.12 345.64 345.68 332.36 332.40 332.40 332.051
4 815.78 487.62 445.15 445.23 431.93 431.54 431.57
0 - 107.68 107.70 107.72 107.70 107.70 107.70 108.445
1 - 187.64 187.30 187.32 187.27 187.27 187.27 187.627
6 2 - 276.44 277.34 277.39 275.92 275.92 275.92 275.853
3 - 417.87 375.11 375.16 372.73 372.57 372.57 372.068
A 4 - 502.60 551.67 551.83 478.64 47578 475.72
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Table 2 Non-dimensionalized eigenvalue A?,q of circular Mindlin plates (clamped boundary condition,

KXL=30%12, 1~0.3)

B R

0.005 0.01 0.02 0.05 0.1 0.15 02 0.25
10.215 10.213 10.204 10.145 9.9408 9.6286 9.2400 8.8068
39.762 39.733 39.620 38.855 36.479 33.393 30.211 27.253
89.060 88.926 88.401 84.995 75.664 65.551 56.682 49.420
158.05 157.65 156.08 146.40 123.32 102.09 85.571 73.054
246.69 245.74 242.06 220.73 176.41 140.93 115.55 97.198
21.257 21.248 21.213 20.967 20.163 19.020 17.722 16.403
60.807 60.742 60.484 58.781 53.797 47.890 42.297 37.448
120.00 119.76 118.82 112.90 91.776 82.723 70.350 60.644
198.84 198.21 195.76 181.10 148.52 120.68 99.989 84.704
297.30 295.92 290.64 261.03 203.59 160.29 130.29 109.34
34.869 34.847 34.756 34.146 32231 29.705 27.052 24.547
84.542 84.422 83.945 80.850 72.293 62.898 54.568 47.688
153.69 153.31 151.82 142.65 120.58 100.08 84.033 71.812
242.4] 241.50 237.95 217.32 174.16 139.36 11436 96.225
350.70 348.83 341.67 302.63 231.09 179.71 144.98 121.01
51.014 50.968 50.782 49.549 45.865 41.351 36.941 33.016
110.95 110.75 109.95 104.88 91.645 78.137 66.819 57.823
190.11 189.54 187.32 173.95 143.67 117.29 97.468 82.760
288.75 287.47 282.54 254.67 199.71 157.71 128.44 108.26
406.89 404.39 394.94 344.95 258.29 198.75 159.63 132.31
69.638 69.553 69.219 67.034 60.830 53.745 47.236 41.076
140.00 139.69 138.45 130.73 111.71 93.553 79.032 67.821
229.24 228.43 225.26 206.68 167.00 134.36 110.63 93.330
337.83 336.10 329.48 293.07 225.19 175.73 142.06 118.21
465.82 462.59 45042 387.95 285.19 217.30 173.22 143.65
90.692 90.552 90.001 86.463 76.918 66.714 57.821 50.537
171.65 171.18 169.35 158.24 13236 109.10 91.209 71.716
271.05 269.92 265.57 240.72 190.53 151.32 123.59 104.12
389.62 387.34 378.68 332.41 250.62 193.51 15534 128.71
527.50 523.39 508.04 431.57 311.90 235.55 186.29 -

114.14 113.92 113.07 107.70 93.947 80.116 68.593 59.430
205.85 205.18 202.60 187.27 153.47 124.71 103.31 87.493
315.49 313.98 308.18 275.92 214.19 168.14 136.38 113.81
444.09 441.16 430.09 372.57 27597 -211.06 168.53 141.11
591.86 586.73 567.72 475.72 338.39 253.53 - -
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Table 3 Non-dimensionalized eigenvalue qu of circular Mindlin plates (simply supported boundary condition,

KXL=30x12, »03)

P q h/R

0.005 0.01 0.02 0.05 0.1 0.15 0.2 0.25

0 4.9350 4.9347 4.9335 4.9247 4.8938 4.8440 4.7773 4.6963

1 29.716 29.704 29.655 29.323 28.240 26.715 24.995 23.254

0 2 74.131 74.054 73.752 71.756 65.942 59.062 52.514 46.775

3 138.23 137.96 136.92 130.35 113.57 96.775 82.766 71.603

4 221.99 221.30 218.65 202.81 167.53 136.98 113.87 96.609

0 13.897 13.895 13.884 13.809 13.555 13.168 12.687 12.153

1 48.468 48.435 48.304 47.422 44.692 41.163 37.519 34.109

1 2 102.72 102.58 101.99 98.221 87.935 76.772 66.876 58.646

3 176.66 176.22 174.51 164.05 139.15 116.05 97.779 83.716

4 270.22 269.21 265.27 242.55 195.31 156.96 129.07 108.68

0 25.610 25.601 25.566 25.323 24.518 23.359 22.017 20.626

1 70.095 70.027 69.760 67.986 62.760 56.471 50.400 45.020

2 2 134.21 133.97 132.99 126.81 110.89 94.763 §1.201 70.337

3 217.98 217.33 214.78 199.53 165.29 135.38 112.66 95.634

4 321.36 319.94 314.49 283.79 223.46 176.94 144.15 120.71

0 39.950 39.929 39.843 39.264 37.417 34.918 32.219 29.593

1 94.508 94.387 93.907 90.777 82.015 72.194 63.270 55.722

3 2 168.54 168.16 166.64 157.23 134.34 112.61 95.182 81.672

3 262.17 261.23 257.59 236.38 191.42 154.32 127.15 106.99

4 375.36 373.44 366.10 325.94 251.30 196.46 158.79 132.25

0 56.827 56.784 56.613 55.463 51.945 47.481 42.955 38.788

1 121.64 121.44 120.65 115.61 102.21 88.161 76.045 66.175

4 2 205.66 205.08 202.85 189.30 158.14 130.28 108.80 92.562

3 309.17 307.87 302.87 274.46 217.51 172.86 141.11 118.37

4 432.19 429.66 420.04 368.93 278.84 21543 172.38 143.36

0 76.177 76.100 75.794 73.767 67.833 60.765 54.006 48.066

1 151.41 151.11 149.90 142.30 123.14 104.26 88.704 76.423

5 2 245.50 244.69 241.53 222.87 182.20 147.77 122.14 103.28

3 358.94 357.20 350.54 313.65 243.56 191.09 154.66 129.21

4 491.81 488.55 476.24 412.68 306.15 234.04 186.70 154.16

0 | 97952 97.825 97.321 94.037 84.848 74.558 65.223 57.337

1 183.80 183.34 181.57 170.68 144.63 120.39 101.21 86.473

6 2 288.04 286.92 282.61 257.76 206.42 165.08 13522 113.52

3 411.45 409.18 400.51 353.81 269.50 209.02 165.94 139.52

4 554.18 550.05 534.60 457.06 333.19 252.33 200.30 165.01
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