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On the Natural Vibration of Plates Restrained at Several Points

By Taketoshi HANAWA, Yasuo TADA, Hideo IzZUMI,
and Shinichi KOSHIDE

An approximate method for vibration analysis of plates restrained at several points is

presented.

The method of solution is based upon ‘‘Rayleigh-Ritz’s Procedure’’, and the restraints at
the points are added to a basic functional making use of “Method of Lagrange Multipliers”’.

The deflection of a given plate w(z, y) is expressed by a general power series of varia-
bles = and y so that the used function is not only applicable for a plate with arbitrary shape
but also suitable for numerical calculations with a digital computer.

It is found that the change of restraint conditions at the points does not require a new
derivation of the basic characteristic equation but only introduces supplemental elements to

the original equation.

Furthermore, the corresponding values of these elements concerned

with restraint conditions can be easily obtained by simple alternation in the program of digital

computer or by desk calculations.

A few examples of numerical analysis as well as of experimental results are shown in
this paper, and they indicate the applicability of this method to the kind of the problems

studied.
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@ Y 125 17.3 20.946 1211
Al 165 22.8 25.796 1131
’L:L ] 200 27.6 46.333 1679
ia 290 40.0 114.21 2.855
=1 38 5.25 4.9092 0.935
® 1 % 13.1 15.434 1178
) i~ 160 22.1 31.022 1.404
1 | 200 21.6 30.740 1440
11 - — 117.39 -
Ll 29 4.00 4.5326 1.133
® Kl 70- 9.67 12.118 1.253
o KM s 214 34.173 1.597
i1 Pl s 26.9 37.024 1.376
A | 20 33.1 97.225 2.937
I1l 68 9.39 8.9850 0.957
@ 9] 120 16.6 21.570 1.299
M 150 20.7 25.120 1.214
1 Al 2w 21.6 47.077 1.706
P 330 45.6 94.979 2.083
Il 62 8.56 8.9850 1.050
T 65 8.98 10.121 1127
™M 130 18.0 32.711 1.817
11 INEEEL 21.6 47.077 1.706
1 — — 115.76 -
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case Cal/Exp
mode | f (%) Ana® Ana®
N 37 5.11 6.1218 1198
® L4 65 8.98 8.9850 1.001
M 170 23.5 33.916 1.443
J;L Dl 200 27.6 47.077 1.706
Nl 330 45.6 79.961 1.754
Tl 50 6.91 7.0821 1.025
® M 158 21.8 22.751 0.998
] 200) 27.6) 34.957 1.267
I BN | 20 27.6 45.525 1.649
BA | 300 - 95.443
K1 44 6.08 6.4380 1.059
@ i 93 12.8 13.508 1.055
| 160 22.1 34.748 1.572
ol PN | 205 28.3 41.555 1.468
1 — — 116.36 -
N 32 142 5.3520 1.211
® A 68 9.39 10.323 1.099
= 160 22.1 34.657 1.568
L1 N 200 27.6 42.259 1531
I — — 86.255 —
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1 1 86 185 16.822 0.909 £=05
@ 2 > 97 20.9 16.822 0.805 7=05
3 109 23.5 22.450 0.955
[ s 200 3.1 29.952 0.695
5 DX 250 53.9 46.814 0.869
1 | [ 74 16.0 15.435 0.965 £ =0.375
) 2 K 82 17.7 16.822 0.950 7=05
3 | B 94 203 22,313 1.099
11 128 27.6 32.499 1178
5 195 42.0 46.826 1115
1 L€ 62 13.4 12.984 0.969 €205
® 2 83 17.9 16.849 0.941 7=0.25
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3 93 20.1 21.672 1.084
Gl « | X 185 39.9 46.100 1155
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1 [} 46 9.92 9.1576 | 0.932 £=05
® 2 B 82 17.7 16.822 0.950 7=0
3 ¢ 90 194 19.770 1.019
D 4 =) 188 405 42.712 1.055
5 K3 200 43.1 46.810 1.086
1 [} 4 9.49 9.1140 0.960 & =0.375
® 2 . 82 17.7 16.822 0.950 7=0
3 D4 90 19.4 19.709 1.016
[ « | B3| 110 34.5 39.367 1.141
5 200 43.1 47.578 1.104
1 [ 4 51 11.0 10.480 0.953 £ =0.375
@ 2 82 17.7 16.823 0.950 7=0.125
3 X 91 19.6 20.708 1.057
I s | P2 175 377 35.493 0.941
5 210 453 50.058 1.105
1 [4 60 12.9 12.822 0.994 €=0.375
2 82 17.7 16.823 0.950 7=025
3 4 93 20.1 21.980 1.094
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(4 55 11.9 12.205 1.026 £=0.25
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4 %) 109 20.0 27.230 1.362
1 ] 7.0 1.29 2.0012 1.551
02 1 2 | I 18.1 3.33 5.0110 1,505
] 3 | 53.8 9.89 13.776 1.303
4 111 20.4 20.958 1.027
1| [ 9.5 1.75 2.6118 1.492
e | [ 19.6 3.60 5.6798 1.578
L] 3 | [ 59.7 11.0 14.3876 1.308
4 98.6 18.1 28.5134 1.575
1 ] 82 151 2.9696 1.967
o1 2 | [[] 19.5 3.59 5.8033 1617
L] 3 | M 64.7 11.9 16.442 1.382
4 97.4 17.9 25.337 1415
1 ] 8.9 1.64 3.1303 1.909
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1 ﬁ 16.7 2.13 3.6671 1.722
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2 A 90.5 116 15.148 1.306
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3 _/_ 141 18.0 31.012 1.723
1« | A 29.0 49.103 1.693
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1 a 20.3 2.59 4.6872 1.810
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2 ﬂ 100 12.8 16.005 1.257
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3 ﬂ 170 217 37.644 1.735
a 4 ﬁ 265 33.8 62.715 1.855
5 ﬁ 309 395 69.923 1.770
1 a 22.9 2.92 5.3601 1.836
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2 ﬂ 99.1 12.7 16.892 1.330
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£ 91.2 116 17.532 1.511
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@ 157 20.0 38.999 1.950
A] ﬂ 259 33.1 63.439 1.917
ﬂ 308 39.3 74.084 1.885
/ 21.2 2.71 5.2939 1.953
04
i 71.9 9.18 17.850 1.944
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/ 18.8 2.40 5.2172 2.173
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i 51.3 6.55 17.938 2.738
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Zﬁ 123.5 15.8 34.129 2.164
/] AY | 1654 21.1 62.487 2,959
AL 261.7 33.4 75.784 2.268
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2 1l 40.6 747
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3 £ 98.2 18.1
4 10 140 25.7
D t )
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