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Free Vibration of Elliptical and Circular Plates
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Abstract

While the vibration of circular plates were considered by many researchers, rather less
attention is given to elliptical plates. In the present paper, the Rayleigh-Ritz mothod is used to
obtain an eigenvalue equation for the free flexural vibration of thin elliptical plates having the
classical free, simply suported or clmped boundary condition. Circular plates are included as a
special case of the elliptical plates. Products of simple polynomials are used as the admissible
functions and a recurrence relationship facilitates the evaluation of the necessary integrals. The
analysis is developed for rectilinear orthotropic plates but the numerical results are given for

isotropic plates with various aspect ratios.
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Table 1 Convergence of frequency parameters wa?(ph/D) ' for isotropic, clamped, elliptical plates

No. of Mode Type

Contributing

terms SS-1 SS-2 SS-3 SA—-1 SA-2 AS-1 AS-2 AA-1 AA-2
b/a=1/3

2X2 56.979 105.349 305.09 151.01 242.97 72.290 140.05 177.83 301.79
3x3 56.807 92.035 184.49 150.17 210.20 71.625 116.81 174.82 248.76
4X4 46.801 90.350 147.34 150.09 203.36 71.591 113.28 174.45 236.19
5%5 56.800 90.235 140.74 150.09 202.28 71.590 112.96 174.43 233.81
6X6 56.800 90.232 140.00 150.09 202.19 71.590 112.95 174 .42 233.55
7X7 56.800 90.232 139.96 150.09 202.19 71.590 112.95 174.42 233.53
Shibaoka‘” 57.9

McNitth® 58.693

Tomar® 58.692

b/a=0.5

2x2 27.394  61.319 139.40 69.996 123.46 39.590 88.517 | 88.601 160.44
3X3 27.378 56.320 124.40 69.862 111.45 39.499 78.013 88.071 139.10
4Xx4 27.377 55.985 105.16 69.858 110.03 39.497 77.037 88.048 135.99
5%5 27.377 55.976 102.80 69.858 109.94 39.497 76.996 88.047 135.72
6X6 27.377 55.976 102.65 69.858 109.94 39.497 76.995 88.047 135.71
shibaoka®” 27.5

McNittt® 27.746

Tomar® 27.746

b/a=1.0

2X2 10.217 33.661 42.097 21.272 54.088 The same as SA| 34.922 75.895
3X3 10.216  34.938 39.874 21.260 51.172 34.877 70.032
4X4 10.216 34.888 39.773 21.260 51.032 34.877 69.674
5X%5 10.216  34.877 39.771 21.260 51.030 34.877 69.666
NcNittt® 10.217

Tomar® 10.217

Exact"® 10.216 34.88 39.771 21.26 51.04 34.88 69.666
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Table 2 Frequency parameters wa®(ph/D)"? for isotropic, free, elliptical plates(v=0.3)

Mode Type
b/a
SS-1  SS-2  SS-3 | SA-1 SA2 | AS-1  AS2 | AA1l  AA-2
0.2 | 6.7778" 32.817° 78.123" | 48.582* 101.72* | 17.389* 53.068" | 25.747° 73.638"
0.3 | 6.7654 32.675° 71.773 | 33.710° 75.839* | 17.343 52.718 | 17.301 53.015%
0.4 | 6.7321 32.257* 41.937 | 26.393* 63.137° | 17.195 51.824" | 13.084 42.928"
0.5 | 6.6705 27.768 31.513° | 22.015 55.272* | 16.921 42.991 | 10.548  36.828"
0.6 | 6.5712 19.922 30.337 | 19.061 49.565* | 16.484 33.239 | 8.8447 32.590
0.7 | 6.4185 15.160 28.626 | 16.888 37.800 | 15.822 27.357 | 7.6161 29.320
0.8 | 6.1861 12.128 26.449 | 15.174 20.743 | 14.880 23.790 | 6.6841 26.570
0.9 | 58381 10.191 24.101 | 13.731 24.274 | 13.699 21.694 | 5.9509 24.107
1.0 | 5.3583 9.0031 21.835 | 12,439 20.475 | 12.439 20.475 | 5.3583 21.835

Table 3 Frequency parameters wa’(oh/D)"? for isotropic, simply supported, elliptical plates

Mode Type
bla §§-1 S5-2 SS-3 SA-1 SA-2 AS-1 AS-2 AA-1  AA-2
0.2 69.630* 111.28* 167.48* 262.63" 335.41* 88.761* 137.46" 297.40* 376.79"
0.3 32.813* 64.503* 112.00" 120.38* 172.77* 46.828* 86.145* 144.89* 204.20*
0.4 19.514* 46.757* 91.077* 69.854 112.37* 31.146* 66.672* 89.357 139.09*
0.5 13.213 38.326  81.190* 46.150 83.013* 23.641  57.482* 62.764 107.10"
0.6 9.7629 33.760 70.209 33.122  66.441 19.566  52.430 47.917 88.843
0.7 7.7007 31.005 52.893 25.192 56.120 17.157  49.196 38.781  77.255
0.8 6.3935 29.139  41.677 20.012  49.177 15.634  46.633 32.769  69.119
0.9 5.5282  27.600 34.208 16.448  44.115 14.615 43.750 28.608 62.669
1.0 4.9352 25.613  29.720 13.898  39.957 13.898  39.957 25.613 56.842
Table 4 Frequency parameters wa?(ph/D)'* for isotropic, clamped, elliptical plates
Mode Type
b/a T
SS-1 SS-2 SS-3 SA-1  SA-2 AS-1 AS-2 AA-1 AA2
0.2 149.64* 195.88* 256.71" 403.40* 481.61* 170.99* 224.41* 440.88* 525.66"
0.3 69.147* 104.56* 155.81% 183.73* 240.07* 84.976* 128.10* 210.21*% 273.45*
0.4 40.646  71.378* 119.29* 106.09  151.99* 53.982  93.083" 127.27* 180.42
0.5 27.377 55.976" 102.65* 69.858  109.94* 39.497 76.995* 83.047 135.71*
0.6 20.195 47.816* 93.717" 50.060 86.632* 31.736  68.485" 66.430 110.80*
0.7 15.928 43.048 70.771 38.087 72.403 27.204  63.354 53.306 95.394
0.8 13.229  39.971 55.781 30.322  63.038 24.383  59.641 44.792  84.902
0.9 11.442 37.627  45.797 25.021 56.378 22.532  55.870 38.990 76.830
1.0 10.216  34.877 39.771 21.260 51.030 21.260 51.030 34.877  69.666

The values given are the lower of the results with 6 X6 and 9X4 terms;
6 X 6 contributing terms . (blank)

9 X 4 contributing terms : (%)

Most of the values were converged to the figures shown.
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