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An Experimental Study on the Elastic Vibration of Plates in Contact with Water

by

K.C. Kim,* ].S. Kim,** H.Y. Lee**

Abstract

The authors had done theoretical analysis of the vibration of rectangular elastic plates in contact

with water. In the analysis, using the elliptic cylindrical coordinate system,
effects of mass density ratios, chord-length to thickness ratios, aspect ratios,
and mode shapes on the added mass of plates.

they investigated the

boundary conditions

The results are reported in papers quoted as the

reference [4) and (5] of this paper. In this report the results of experiments conducted to verify

the above theoretical analysis are presented.

It shows that numerical results derived from the

theoretical analysis are generally in good agreement with the experimental results.
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Fig. 1. Details of simple support for test pieces
of (S-S, F-F) plates.
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Fig. 2. Test rig for (S-S, F-F) plates: note the
exciter

Fig. 3. Supporting frames for test pieces of
(8-S, S-S) and (C-C, C-C) plates.
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Fig. 6. View of vibration measuring and analysis

apparatus.
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Table 1. Test pieces of the (S-S, F-F) plate.

Test piece

5(mm) bla
SFP 1 600 600 10
SFP 2 500 600 1.2
SFP 3 400 600 1.5
SFP 4 300 600 2.0
SFP 5 240 600 2.5
SFP 6 200 600 3.0
SFP T 150 ! 600 4 0

; a= length of a 51mply supported edge
Note : { b=length of a free edge.

Table 2. Test pieces of the (S-S, S-8) plate.

Test piece \ amm) | bmm) | b
SSP 1 600 600 1.0
SSp 2 400 600 1.5
SSp 3 300 600 2.0
SSP 4 ‘ 200 600 3.0
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Table 3. Test pieces of the (C-C, C-C) plate.

Test piece [ a{mm) ’ b(mm) bla
CCP 1 600 \ 600 1.0
CCP 2 400 600 1.5
CCP 3 300 } 600 2.0
CCP 4 200 1 600 3.0
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Fig. 7. The effect of the depth of plate submergence
on the added mass (test piece SFP 4).

(2) (8-8, F-F)iR
AR Aol at RS Toded, o &

EBE - IR - FL
R 4 BETEAES)S Jt#e Table 495 2o},
(3) (8-S, S-S)m
RN {EXIRE ] A 6o
HEE)SS e
4) (C-C, C-Off
S 9 EXEBI] A KRR Table 6] ot

T3 HBER € BR
Table 59} #+e},

Table 4. Experimental results for fundamental mod-
es of (S-S, F-F) plates.

Test iece| £t @ . o/ (Cpulo) (alh))

l Experi. | Calc. [5‘
SFP 1 20.8 5.4 o0.569 0.531
SFP 2 20.5 57  0.589
SFP 3 21.0| 6.4 0.603
SFP 4 2.8, 7.00  0.644  0.653
SFP 5 21. oi 7.7 0. 662
SFP 6 21.3 8.3 0.690,  0.704
SFP 7 20.8) 9.0 0.715  0.730

Table 5. Expenmental results of (8-S, §-S) plates

:I‘est Mode V ﬁm"/ (pw/pp)
shape* | fa(Hz) | fu(Hz) |— /b))
piece | (m,n) Exper1 ‘ Calc (4]

SSP 1| (1) s 106 o0ssd 0.6

(1,2) 99 33 0. 335
(2,2) 166 65 0.231 0.282
(1,3) 203 85

SSP 2 1,1 64 18.70 0.650 0.670
(1,2 133 46 0.462]  0.470
2,1 2000 80 0.330] 0.341
(1,3 2200 89 0.321
(2,2) 2731 114 0.297|  0.305
(2,3 4000 180 0. 247

ssp3 |, 105l 34 | 0715 0.728
L2, 180
1,3 272 115 | 0.38
(21, 383 172 | 0.331 0.350
(2,2 425 200 | 0.204

SSP 4 (1,1) 205 76 0.788  0.775
1,2) 278 113 0.635 0.648
(1,3) 3771 173 0.471
(2,1 876 460 | 0.330] 0.355

Im number of half wave lengths in the a dlr
ection,

ln number of half wave lengths in the b dir-
ection.
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Table 6. Experimental results of (C-C, C-C) plates.

| Mode [ Bmn/ {Cpu/ps)
Test piece| shape* fs(Hz) | fu(Hz2) -G/
m,n) ' Experi.
CCP 1 (1,1 72 20| 0.501
(1,2) 167 57 0.319
(2,2 222 92 0. 231
(1,3) 300 128 0. 197
CCP 2 (1,1 128 40 0. 580
(1,2) 202 74 0. 405
(2,1) 360 128 0. 282
(1,3) 335 144 0.277
(1,4 480 220 0. 236
CCP 3 (1,1) 210 74 0.591
(1,2) 262 103 0. 458
(1,3) 359 149 0. 402
@10 555 258 0.304
2,2 595 306 0.233
CCP 4 (1,1) 440 172 0.704
1,2 478 212 0. 513
(1,3) 590 272 0. 465
(1,4) 750 347 0. 461
(1,5) 920 433 0. 441
(1,6)] 1,090 530 0. 406
(2,1)] 1,190 610 0.352

* For m and n, see the foot-note of Table 5.
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