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The high—skewed and/or composite propellers of current interests to reduce the ship vibration and to increase the acoustic

performance are likely to be exposed to the unexpected structural problems, One typical example is that the added mass effect on the

propellers working in the non—uniform wake field reduces the natural frequency of the propeller leading to the resonance with the

low—frequency excitation of the external forces, To avoid this resonance problem during the design stage, the technique of
fluid—structure interaction has been developed, but the higher—order effect of the blade geometry deformation is not yet considered in
evaluating the added mass effects, In this paper the fluid boundary—value problem is formulated by the potential—-based panel method

in the inviscid fluid region with the velocity inflow due to the body deformation, and the structural response of the solid body under the
hydrodynamic loading is solved by applying the finite element method which implements the 20—node iso—parametric element model,
The fluid—structure problem is solved iteratively, A basic fluid—sturcture interaction study is performed with the simple rectangular plates

of thin thickness with various planform submerged in the water of infinite extent, The computations show good correlation with the

experimental results of Linholm, et al, (1965),

Keywords : Natural frequency(T1-2X1=4), Added mass(H7 14
Finite element method(S-etRAR)
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Table 1 Material properties of Cantilever plates

Young's modulus 200 GPa
Density 7850 kg/m?
Poison ratio 0.3
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Table 2 Comparison of computed natural frequencies with Lindholm's for cantilever plates (Hz)

Mode 1 2 3
Case Lindholm Present Lindholm Present Lindholm Present

No.|a/b| h/b |Vacuum| Water [Vacuum| Water |Vacuum| Water [Vacuum| Water |Vacuum| Water [Vacuum| Water
1 | 5 10.1240| 20.90 | 14.60 | 20.22 | 14.96 | 130.0 | 96.00 | 126.3 | 94.78 | 210.0 | 166.0 | 192.7 | 164.1
2 | 2 10.0611| 65.70 | 40.30 | 63.09 | 42.15 | 409.0 | 257.0 | 391.9 | 271.0 | 283.0 | 209.0 | 266.5 | 206.1
3] 3 (0.0611|29.10 | 17.80 | 27.88 | 17.97 | 181.0 | 116.0 | 174.1 | 115.3 | 181.0 | 133.0 | 169.1 | 129.6
4 |5 (0.0611] 10.40 | 6.30 | 9.98 | 6.21 | 65.20 | 40.10 | 62.56 | 39.58 | 105.0 | 77.30 | 97.75 | 74.39
51 1 10.0238| 99.50 | 51.40 | 99.33 | 54.65 | 610.0 | 355.0 | 607.7 | 361.4 | 243.0 | 154.0 | 242.0 | 154.7
6 | 2 [0.0238| 24.70 | 12.10 | 24.62 | 12.18 | 154.0 | 80.00 | 153.6 | 79.85 | 106.0 | 67.50 | 105.4 | 64.24
7| 3 /0.0238| 10.90 | 5.10 | 10.89 | 5.12 | 68.20 | 33.30 | 68.18 | 33.34 | 68.10 | 41.60 | 66.92 | 40.21
8 | 510.0238| 393 | 1.78 | 3.90 | 1.756 | 24.50 | 11.50 | 24.44 | 11.21 | 39.50 | 24.20 | 38.64 | 22.97
9 | 1 ]0.0131| 55.60 | 23.30 | 54.72 | 24.11 | 341.0 | 158.0 | 335.7 | 162.4 | 136.0 | 68.70 | 133.7 | 70.07
10| 2 |0.0131| 13.80 | 5.10 | 13.58 | 5.28 | 85.90 | 34.40 | 84.83 | 34.97 | 59.30 | 29.80 | 58.25 | 28.80
111 3 [0.0131| 6.11 2.30 | 599 | 2.20 | 38.10 | 15.40 | 37.49 | 14.38 | 38.00 | 20.60 | 36.86 | 17.87
12| 1 10.0090| 39.70 | 14.60 | 37.61 | 14.17 | 243.0 | 102.0 | 231.0 | 96.30 | 97.10 | 44.20 | 91.96 | 41.69
13| 2 |0.0090| 9.86 | 3.12 | 9.32 | 3.07 | 61.40 | 21.10 | 58.23 | 20.42 | 42.40 | 18.80 | 39.99 | 16.99
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Table 3 Material property and principal dimension

Young's modulus 200 GPa
Density 7850 kg/m?
Poison ratio 0.3
Reference width 203.2 mm

Aspect ratio(a/b) 5
Thickness ratio(h/b) 0.1240

Table 4 Comparison of natural frequency (Hz)

Vacuum
Method Plate theory| Present NASTRAN
- o - 200 | 200 | 400 | 800
mode 1 20.90 20.22 |20.09|20.11]20.11
mode 2 130.0 126.3 [125.19|125.55/125.57
mode 3 210.0 192.7 |188.63|191.26|191.92
Water
Method Experiment| Present NASTRAN
Jo- of - 200 | 200 | 400 | 800
mode 1 14.60 14.96 | 15.09|15.17|15.29
mode 2 96.00 94.78 |95.46|95.82|96.49
mode 3 166.0 164.1 [162.22|164.64| 166.2

300 r T
open symbol : Vacuum(or Air)
I filled symbol : Water
250 — ‘
I [ ] Lindholm
A Present(200)
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Fig. 12 Comparison of natural frequency
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