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Experimental Analysis of Vibration of Annular Plate in Contact

with Water

Sangbo Han, Moon Kyu Kwak, Jang Kyu Song, Yun Hwan Kim

ABSTRACT

The natural frequencies of annular plates in contact with water were theoretically derived and its

validity was checked by experiments.

annular plates were obtained using the impact hammer method.

The experimental frequency response functions of the

Comparison of the FRF obtained

using the impact hammer and the FRF using shaker attached showed that the former was better

than the latter due to the mass effect and additional constraint from the instrumentation.

It was

found that the experimentally extracted natural frequencies of annular plates in contact with water

were in good agreement with those of theoretical values.
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Table 1. Dimensions and properties of annular o T

plates used in the experiment.

ANNULAR PLATE WATER TANK

Plate A|Plate B | Plate C |Plate D
outer radius| 0.15m | 0.15m | 0.15m | 0.15m

inner radius|{ Om 0.015m | 0.045m ! 0.075m @ ':I O

thickness | 0.002m | 0.002m | 0.002m | 0.002m B O o conmons

E 20 x 10" Kg/m2 SIGNAL CONDITIONER —

FFT ANALYZER
y 0.3
P 7750 Kg/m®

Fig.3 Schematics of Experimental Set-up
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Table 2-1 Comparison of theoretical and Table 3-1. Comparison of theoretical and
experimental natural frequencies of plate A in experimental natural frequencies of plate A in
air, water.
- n (unitinj) n (unit:Hz)
s 0 1 2 s 0 1 2
i T E[T]E | T]|E T E T | E  T|E
S0 ‘ 206 | 208 | 878 | 842 0 119 | 128 | 539 | 528
1 ‘ 468 | 454 | 1366 ‘ 1322 1 290 | 292 ; 951 | 930
2 | 122 ‘\ 130 | 805 | 784 } 2 78 80 534 | 528 | 1395 | 1358
3 284 292 1211 | 1048 | } 3 i | 836 | 82 1
Table 2-2. Comparison of theoretical and Table 3-2. Comparison of theoretical and
experimental natural frequencies of plate B. experimental natural frequencies of plate B.
1 “L n (unitinﬂ n (unit:Hz)
s 0 1 2 s 0 1 2
| ’—f E| T]E| T|E T el T]E[T]|E |
) 200 | 210 | 873 | 8% 0 126 | 136 | 615 | 604
Y 466 | 452 | 1349 | 1304 1 292 | 290 | 941 | 934
} 2 121 122 | 798 | 772 2 78 78 530 | 520 |} 1377 ; 1340
'3 9284 | 286 | 1210 | 1168 ] [ 3 196 | 192 | 835 | 822
Table 2-3. Comparison of theoretical and Table 3-3. Comparison of theoretical and
experimental natural frequencies of plate C. experimental natural frequencies of plate C.
- ’ B » n (unit:Hz) n (unit:Hz) |
s o 12 s 0 T
| Tl E |/ T|E|]T!|E T|E| T | E | T]|E
0 191 | 208 | 1150 | 1120 | | © 132 | 144 | 851 | 8x4
‘y 1 ‘ 418 | 412 | 1342 | 1304 1 278 | 280 | 985 | 9%
L2 ‘ 112 | 110 | 753 | 750 2 72 70 501 | 502 | 1340 | 1338
3 280 . 276 © 3 193 | 184 | 805 | 786
Table 2-4. Comparison of theoretical and Table 3-4. Comparison of theoretical and
experimental natural frequencies of plate D. experimental natural frequencies of plate D.
[ n (unit:Hz) n (unit:Hz)
s | 0 | 1 s 0 1
: T E T E | T E T E
0 213 222 ‘ 0 159 | 170
i 1 393 396 1 288 294
“ 2 \ 98 96 711 696 L 2 64 64 520 518
3 | 261 256 1084 | 1062 3 777 776 |
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Fig.7 Magnitude of FRF of plate A in water

B R0 o0 T i e with input R:C; and output R:Cs
Frequency(Hz)
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0

Fig.4 Magnitude of FRF of plate B in air
with input RsCi and output R2Cs
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Fig.8 Magnitude of FRF of plate B in water
with input RsC: and output R:Cs
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Fig.5s Magnitude of FRF excited with shaker :
attached at input RsC; and output RoCo -0
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Frequency(Hz)

Fig.9 Magnitude of FRF of plate C in water
with input R3C; and output R.Cs
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Freausncy(H2}
Fig.6 Magnitude of FRF excited with impact Fig.10 Magnitude of FRF of plate D in water
hammer at input R3C; and output R¢Co with input RiCi and output R.Cs
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