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Research on the flexural vibration characteristics of thick
stepped circular plate based on the Mindlin theory
ZHANG Ning-ning

(Mathematics and Physics institute , Weinan Teachers University , Weinan 714099, Shaanxi, China)

Abstract: For its advantages in large radiating area and high radiation efficiency, the stepped circular plate radiator has
been widely used in the field of high power ultrasound. The frequency equations of the thick circular plate in free, fixed
and simply supported boundary conditions are deduced based on Mindlin theory from the viewpoint of acoustic
application, and the frequency equation is numerically solved. The results show that the calculated frequency accords
basically with the finite element simulation and experimental measurement. This conclusion provides a reference for the

design of the bending vibration radiator of thick circular plate and a basis for the frequency adjustment.
Key words: Mindlin theory; the thick circular plate; the frequency equation; the bending vibration
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Fig.1 Schematic diagram of thick stepped plate
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Table 1 Comparison of the calculated frequencies by analytic vibration of the stepped plate (n=1, 2, 3)

method and by finite element method for the thick stepped

plate with a variable thickness W N

— 3 BfETHE
PRENE n f/kHz f,/kHz Af 1%

1 5.688 5.619 1.23 N v — N -

. e " 9T e85 R S 0 50 2R T B B

3 58.55 56.86 2.98 (1) thPRBNRrE,  RFH ESE v AN [ )2 FE R s
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Table 2 The calculated resonant frequenaes of the thick stepped plates with different height 4, (unit: kHz)

. JEEW R WA A B E E BRI
R, M ho h ok ho Lk ho L A
1 5.5230 5.4580 5.3160 1.6470 1.5340  1.4590 1.6840 13870 1.3570
12 0.166 2 35781 35.482 34.406 37.481 37.114  35.684 37.441 36.584 35.224
3 54.524 54116 52.829 55781 54.871 53412 54.479 53246  52.856
1 5.8840 5.6710 5.4780 2.0120 1.9920  1.8560 1.9850 1.8760  1.7840
14 0.194 2 37.821 37214 35.617 38.847 38.645 36.248 38.549 37.158  36.114
3 57.148 56.249 54.268 58.267 56.884  55.147 56.581 55.684  54.842
1 6.7410 5.6880 5.6190 3.4540 2.6510  2.1320 3.5740 2.8460  2.1150
16 0.222 2 41215 37.110  36.333 40.558 37.865 37.211 40267 37.482  36.382
3 66.624 58.554 56.860 67.614 58.447  57.439 67.248 58.117  56.906
1 7.8410 6.1480  5.8120 3.8750 2.7860  2.4040 3.7410 2.8520  2.3480
18 0.250 2 46.235 39.254 37.247 45.689 39.557 38.329 44816 39.242  37.597
3 68.567 60.543 58.158 69.472 61.114  59.170 68.597 59.224 58.872
1 8.1120 6.1470 5.9310 5.6840 3.8540  3.2580 54170 3.7480  3.1470
20 0.277 2 47585 40.218 38312 48.628 40.627 39.784 48.115 40.582  39.845
3 70.258 61.257 59.154 71.462 62324  60.482 70359 62.821  59.226
1 9.5750 7.4150 6.1270 6.2570 5.1240 4.8610 63210  4.7590 4.5870
22 0.305 2 48.681 42.324 39.458 49.685 42.226 40.785 49228 42.157 40281
3 84.972 63.249 60.249 85.226 63.557 60.648 84297 62.784  60.441
1 11.259 7.1180 6.4490 11.245 6.8540 6.1250 11359 6.7540  6.0180
24 0.333 2 49556 43.352 41.459 50.267 44.125 42.078 49587 44257 41.874
3 90.614 66.148 63.223 91.257 67.214 63.894 90.681 66.858  63.228
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Table 3 The calculated resonant frequencies of the thick stepped plates with different height 4, (unit: kHz)

o FA R SuR S| L FHE 2 LGS
,/mm o
hy/R, #on f 1 /, 1 f 1
1 5.8740 5.6190 2.4710 2.1320 2.3570 2.1150
24 0.333 2 36.842 36.333 38.254 37211 37.984 36.382
3 87.415 56.860 58.784 57.439 58.462 56.906
1 5.9470 5.8120 2.6510 22160 2.4580 2.1980
28 0.388 2 38.841 37.247 40.158 38.418 39.247 38214
3 60216 58.158 60.127 58.874 59.475 57.684
1 6.3120 5.9310 2.6870 23870 2.5760 2.2680
32 0.444 2 39.458 38312 41249 39.467 39.412 38.571
3 61.234 59.154 61.114 59.249 60.541 58.746
1 6.7810 6.1270 2.8940 2.6160 2.6850 2.4710
36 0.500 2 41217 39.458 42.457 40.125 41.157 39.548
3 61.785 60.249 62.547 60.002 62.572 60.117
1 8.8490 6.4490 5.6870 3.5120 5.5870 33210
40 0.555 2 56.213 41459 57.664 41378 56.228 41.117
3 78.482 63.223 77.848 62.784 76.754 61.258
1 10.481 7.8480 8.4170 46210 8.2670 4.4570
44 0.611 2 50.442 43.734 50312 43215 49.567 42.841
3 99.157 65.765 98.114 65.289 97.796 63.784
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