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Abstract : This paper presented an experimental modal analysis of clamped perforated rectangular plates submerged in
water. The penetration of holes in the plates had a triangular pattemn with P/D (pitch to diameter) 1.750, 2.125, 2.500,
3.000 and 3.750. The natural frequencies of the perforated plates in air were obtained by the Rayleigh-Ritz method and
compared with the experimental results. Good agreement was obtained between the analytical solution and experimental
result. The experimental results in water showed that the mode shapes are not sensitive to the depth of submergence. The
natural frequencies were shown to decrease drastically once the perforated plates come in contact with water. However,
the natural frequencies decrease with the depth of submergence until a certain depth is reached, and become the
asymptotic values beyond this depth of submergence. The depth of submergence did not affect the damping ratio greatly.
Key Words : experimental modal analysis, fluid-structure interaction, perforated rectangular plate, added mass, triangulat
hole pattern, nondimensionalized added virtual mass incremental(NAVMI) factor
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Table 1. Material properties of the solid rectangular plate

Lengthx | Thickness | Poisson’s Young's Mass
Width ratio modulus density

a X b(mm) h(mm) H E(GPa) P (ke/ni)

400 X300 39 0.3 68.00 2730.0

Table 2. Equivalent material properties of the perforated
rectangular plates

Ligament | Equivalent | Equivalent | Equivalent
Pitch efficiency | Poisson’s | Young's mass
P/D ratio modulus density
(mm)
7 p”* E*(GPa) | p *(ke/r)
14 | 1.750 | 0.4286 0.3383 29.61 1921.6
17 | 2125 | 0.5294 0.3182 38.69 2181.7
20 | 2.500 | 0.6000 0.3154 45.18 23339
24 | 3.000 | 0.6667 0.3105 50.85 24549
30 {3750 0.7333 0.3042 55.85 2553.9
N v e
Water — p, (ey.0) h
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Fig. 2. A perforated rectangular plate submerged in water
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Table 3. Natural frequency and damping ratic of the

perforated rectanguiar plates in air
Modal |  Mode Number (nxm)
parameter | 1xj | 1x2 { 2x1 | 1x3 | 2x2
Theory | Freq.(Hz) | 239.2 | 401.9 | 563.2 | 669.3 | 714.1
1.750 . Freq.(Hz) | 212.9 | 377.3 | 540.2 | 656.4 | 697.3
Experiment

Damp.(%) | 0.66 | 0.23 | 0.09 | 0.05 | 0.07
Theory | Freq(Hz) | 254.7 | 427.9 | 599.8 | 712.7 | 760.4
2.125 . Freq.(Hz) | 231.5 | 404.5 | 569.9 | 695.0 | 740.9
Experiment

Damp.(%) | 1.45 | 044 | 0.08 | 0.07 | 0.07
Theory | Freq.(Hz) | 265.8 | 446.7 | 626.0 | 743.9 | 793.7
2.500 Freq.(Hz) | 259.0 | 444.7 | 617.2 | 749.6 | 799.9
Experiment

Damp.(%) | 0.99 | 027 | 0.08 | 0.09 | 0.05
Theory | Freq.(Hz) | 274.5 } 461.2 | 646.5 | 768.2 | 819.6
3.000 . Freq.(Hz) | 256.5 | 448.3 | 615.8 | 774.1 | 807.6
Experiment

Damp.(%)| 0.73 | 024 | 0.11 | 0.09 | 0.08
Theory | Freq.(Hz) | 281.4 | 472.9 | 662.8 | 787.6 | 840.3
3.750 ) Freq.(Hz) | 265.1 | 458.7 | 637.6 | 774.0 | 830.5
Experiment

Damp.(%) | 0.61 | 0.17 | 0.09 | 0.15 | 0.26
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