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Free Vibration Analysis of Axisymmetrical Circular Plate by Using
Differential Transformation Method
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ABSTRACT

The free vibration of solid circular plates has been studied using the differential transformation method(DTM).

The effects such as mass at edge and elastic restraints have been considered.

In order to avoid the singularity

problem at the solid circular center two regularity conditions were applied with respect to the number of
circumferential nodal line. The non-dimensional natural frequencies of the general circular plates were obtained for
various boundary conditions. The results obtained by this method were compared with previous works. DTM
showed fast convergency, accuracy, efficiency and validity in solving vibration problem of general circular plates.
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Fig. 1 An elastically supported circular plate carrying
a ring mass along the edge
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Table 1 A comparison of the non-dimensional natural

frequencies of solid circular plates with rotational and
translational spring constants ( gz =0.3)

T2 | Ra The ring mass to plate mass ratio. «
0.01 0.1 0.25 1
| Ref(3) 1.382 1.328 1.250  0.995
DT 1.382 1.328 1.250 0.995
| 10 Ref(3) 3737  3.658 3,531 2,999
DT 3.737  3.658 3.531 2.999
3 Ref(3) 5.032 5000 4946  4.640
DT 5.031 5000 4.946  4.640
| [Reft3) | 1400 1343 1261 0.999
DT 1.400 1.343 1.261 0.999
© 10 Ref(3) 4223 4.078 3.863 3.119
DT 4.223 4.078 3.863 3.119
32 Ref(3) 6.715 6.575 6.347 5.384
DT 6.715 6.574 6.347 5384

Table 2 The non-dimensional natural frequencies for
mass-loaded elastically supported circular
plates( 7a =10, Ra=0.1, u=03)

ul The ring mass to plate mass ratio. «

0.3 0.6 0.9 1.0
1 3311 3.134 2.969 2.918
0 2 8.824 7.635 6.985 6.831
3 33.636 32.189 31.536 31.392
1 4.889 4.220 3.761 3.638
1 2 17.741 16.431 15.797 15.653
3 17.741 51.154 50.421 50.262
1 6.794 5.663 4.953 4.769
2 2 30.233 28.570 27.799 27.627
3 75.005 73.041 72.218 72.041
1 10.615 8.666 7.498 7.202
3 2 45.425 43.356 42436 42233
3 99.953 97.721 96.809 96.615
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Table 3 The non-dimensional natural frequencies of
solid circular plates with rotational and translational
spring constants ( x =0.3)

7a | Ra The nodal lines. nl
0 1 2 3
1 1.145 1.840 4.447 8.492
1 2 8.269 17.795  30.112 45.004
3 33.713 52.733  74.662 99.380
1 1.141 1.475 3.889 7.867
1 0.1 2 7.050 16.533 28.875 43.792
3 32467 51517 73472 98.212
1 1.151 2.468 5.847 10.538
10 2 11.279 22.050 35.182. 50.665
3 39.153 58.876 81.280 106.340
1 0.365 1.290 4214 8.360
1 2 8.208 17.775 30.103 44.999
3 33.706 52.729 74.660 99.379
1 0.365 0.626 3.612 7.721
0110112 6.973 16.512  28.865 43.787
3 32460 51514 73471 98.211
1 0.365 2.126 5.688 10.442
10 2 11.245 22.036 35.174 50.660
3 39.147 58.873 81.278 106.340
5.8
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