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ABSTRACT

This paper dealt with an experimental study on the hydroelastic vibration of clamped perforated
rectangular plates submerged in water. The penetration of holes in the plates had a triangular pattern
with P/D(pitch to diameter) 1.750, 2.125, 2500, 3.000 and 3.750. The natural frequencies of the
perforated plates in air were obtained by the analytical method based on the relation between the

reference kinetic and maximum potential energy and compared with the experimental results. Good

agreement between the results was found for the natural frequencies of the perforated plates in air.

It was empirically found that the natural frequencies of the perforated plate in air increase with an

increase of P/D, on the other hand, the natural frequencies of the perforated plate in contact with

water decrease with an increase of P/D. Additionally, the effect of the submerged depth on the

natural frequency was investigated.
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Table 1 Material properties of solid rectangular

plate
Length X . Poisson's | Young's | Mass
Width Thickness ratio modulus | density
axb(mm) | h(mm) I E(GPa) | p(ke/ni)
400 x 300 39 0.3 63.00 2730.0

Table 2 Equivalent material properties of the
perforated rectangular plates

Ligament|Equivalent |Equivalent| Equivalent
Pitch PID efficiency Poisspn's Young's mass
(mm) ratio modulus | density
n p* |E*(GPa)| o* (kg/nd)
14 {1.750] 0.4286 03383 | 2961 | 19216
17 12125] 05294 0.3182 W6y | 21817
20125001 0.6000 0.3154 45.18 23339
24 13.000| 06667 0.3105 50.85 24549
30 (37501 07333 03042 | 5585 ] 255339
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Fig. 2 Schematic diagram of perforated rectangular
plate submerged in water
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frequency of the perforated
recfangular plates in the air

Natural frequency(Hz) : # xm mode
PID| Method 1 T Toxt | 1x3 | 2x2
Theory | 2392 | 4019 | 563.2 | 6693 | 7141
1.750 | Experiment [ 212.9 | 377.3 | 540.2 | 6564 | 697.3
Error(%) | 123 | 65 4.3 2.0 2.4
Theory | 254.7 | 4279 | 599.8 | 712.7 | 7604
2.125| Experiment | 2315 | 4045 | 569.9 | 695.0 | 7409
Error(%) | 100 | 58 5.2 25 26
Theory | 265.8 | 446.7 | 6260 | 7439 | 7937
2.500 | Experiment | 259.0 | 444.7 | 617.2 | 7496 | 799.9
Error(%) | 2.6 0.4 14 ] 08 ] -08
Theory | 2745 | 4612 | 6465 | 768.2 | 8196
3.000 | Experiment | 256.5 | 448.3 | 6158 | 774.1 | 807.6
Error(%) 7.0 29 50 | -08 | 15
Theory | 2814 ) 4729 | 662.8 | 787.6 | 840.3
3750 | Experiment | 265.1 | 458.7 | 637.6 | 774.0 | 8305
Error(%) 6.2 3.1 39 13 1.2
Table 4 Natural frequency of the perforated
rectangular plates in contact with
water
P/D Natural frequency(Hz) © 7 Xm mode
1x1 1x2 2%x1 %3 2%X2
1.750 | 1790 3144 4505 548 6 581.7
2.125 1726 303.1 432.7 5300 559.6
2.500 155.7 280.5 403.2 4736 5234
3.000 | 1453 269.3 336.1 463.0 507.9
3750 | 1337 2524 3702 4364 484.0
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Table 5 Natural frequency of the perforated
rectangular plates submerged in water

B0\ o Natural frequency(Hz) -+ 7 Xm mode
1x1 1x2 2%1 1%x3 2X2

0051 1405 | 2526 | 3670 | 4374 | 4746

1750 0101 1396 | 2501 | 3645 | 4332 | 4705
’ 0151 1393 | 2490 | 3633 | 4313 | 4691
0201 1393 | 2489 | 3629 | 4300 | 4683
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0057 902 1965 | 2801 3424 | 3853

3750 0101 890 1894 | 2705 | 3294 | 369.0
) 015 836 1859 | 2673 | 3250 | 3639
‘70.20 88.3 1832 | 2645 | 3226 | 3604
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Table 6 Damping ratio of the perforated rectangular
plates in air

Damping ratio(%) : »n X m mode

PID

1x1 | 1x2 | 2x1 | 1x3 | 2x2
1750 | 066 | 023 | 009 | 005 | 007
2125 | 145 | 044 | 008 | 007 | 007
2500 | 099 | 027 | 008 | 000 | 005
3000 | 073 | 024 | o011 | oov | 008
375 | 061 | 017 | 009 | 015 | 026

Table 7 Damping ratio of the perforated rectangular
plates in contact with water

PID Damping ratio(%) @ »n X m mode
Ix1 | 1x2 | 2x1 | 1x3 | 2x2
1750 | 060 | 046 | 037 | 030 | 028
2025 | 055 | 052 | 048 | 036 | 030
2500 | 054 | 044 | 067 | 081 | 024
3000 | 060 | 046 | 088 | LU6 | 027
3750 | 069 | 049 | 112 | 047 | 028
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Table 8 Damping ratio of the perforated rectangular
plates submerged in water

Damping ratio(%) : # X m mode
PID | &
1D\ bule I T ke [ axd | 1x3 | 22
0.05 082 0.62 0.77 0.68 0.44
1750 0.10 084 0.62 0.90 0.68 0.47
o 0.15 0383 0.63 0.90 0.69 0.46
0.20 0.85 0.63 0.88 0.73 0.47
(.05 0.81 0.63 147 0.63 0.42
9195 0.10 0.84 0.62 1.26 0.67 0.45
o 0.15 .82 0.63 1.46 0.66 044
0.20 084 0.63 141 0.65 0.45
0.05 0.75 053 1.66 0.63 032
2500 0.10 0.76 0.53 1.18 0.62 0.35
’ 0.15 0.77 0.53 1.20 0.61 033
020 | 076 | 052 | 126 | 063 | 035
0.05 0.7% 0.59 1.83 053 0.30
3000 0.10 (.76 0.55 1.46 054 0.31
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plates on the P/D = 1750
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