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A Study on the Vibration Characteristics of 3-Dimension
Submerged Vehicle in Consideration of Fluid-Structure Interaction
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ABSTRACT: Unlike structures in the air, the vibration analysis of a submerged or floating structure such as offShore structures or
ships is possible only when the fluid-structure interaction is understood, as the whole or part of the structure is in contact with water.
This paper introduces two methods to find natural frequency in consideration of fluid-structure interaction, direct coupled vibration
analysis and fluid-structure modal coupled vibration analysis. The purpose of this study is to analyze the vibration characteristic of a
submerged vehicle to obtain the anti-vibration design data, which could be used in the preliminary design stage. The underwater
pressure hull of submerged vehicle is used as the model of this study. The F.EM. model is meshed by shell and beam elements. Also,
considering the inner hull weight, the mass element is distributed in the direction of hull length. Numerical calculations are
accomplished by using the commercial B.EM. code. The characteristics of natural frequency, mode shape and frequency-displacement

response are analyzed.
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Table 1 The Dimension and characteristic of open top container

Classification Model Ship Real Ship
L.O.A(m) 2.75 2550
Breadth(m) 0.31 385
Depth(m) 0.16 232
Draft(m) 0.10 135
Weight(kg) ) 675
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Table 2 The dimension and characteristic of submerged vehicle

Classification Substance

56 mXxX63mXxX55m
Diesel Electric(4 Diesels, 1 Shaft)

Optimum Load Condition : 1300 Tons
Surfacing : 1200 Tons

Dimension (L XBXT)

Propulsion System

Displacement

Fig.3 3-Dimension finite element model of submerged vehicle
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Table 3 The comparison of Experimental with analytical solution

Non-Fluid(Hz) Fluid Interaction(Hz)
Mode Analysis Analysis
Experiment ’D Experiment  2-D 3-D
- J-Factor BEM
1 108.8 103.1 78.6 714 75.9
2 268.8 260.9 194.0 192.8 189.6
3 463.1 451.8 3255 334.1 3247
4 645.1 641.8 430.6 4822 448.2
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Table 4 Natural frequency of submerged vehicle (unit : Hz)

%f&‘.’:;é‘: Cof(;jsteim Iég;‘ di‘g: Vibration Mode
1 5.946 6291 7.606 Horizontal 1t
2 5.949 6.434 7.599 Vertical st
3 13.398 14479 16.869 Horizontal 2nd
4 13.469 14.836 16.792 Vertical 2nd
5 14242 13916 14.130 Twisting st
6 20,538 21716 ; Longitudinal Ist
7 22419 23487 28293 Horizontal 3rd
8 22.480 24.156 28.267 Vertical 3rd
9 - 30,154 30235 Twisting 2nd
0 30997 33.826 38.806 Vertical 4th
11 31231 32202 38.984 Horizontal dth
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Fig. 5 The selection of nodal point for frequency response analysis

4th Vertical Mode (30.997 Hz) 4th Horizontal Mode (31.231 Hz) Table 6 Frequency Response by unit excite force
Fig. 4 Mode shape of submerged vehicle Freg. Frequency Response (unit: 10 ~*m/sec)
(Hz) 1 2 3 4 5 6 7
Table § Modal fluid-structure interaction analysis result (unit : Hz) L 279 261 192 073 049 144 145
. . Modal Fluid-Structure 62 H 511 072 353 542 400 134 755
Vertical Mode Strip Theory Interaction Analysis V574 106 365 574 425 148 9.09
Optimum L 369 154 174 340 197 155 245
18T 5.949 6411
load 127 H 075 063 029 061 195 149 205
2 ND 13.469 14.672 Condition v 199 573 634 083 576 232 837
1RD 29 480 24,548 L 074 029 042 020 049 033 070
224 H 024 152 043 183 031 148 1.69
4TH 30.997 34.937 \" 031 067 039 139 022 105 150
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Fig. 6 Frequency response by unit excite force of each nodal point
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