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For interaction problems between free surface flow and frame structures, we develop a separated FSI analysis
method based on the coupling of SPH and beam element FEM. Specifically, we propose that representation
scheme of member shapes with particles corresponding to beam elements, fluid structure interaction method
using PMS (Passively Moving Solid), and modification of particle volume when a beam element undergoes
large deformation. The validity of the proposed method is shown by solving static and dynamic fluid-
structure interaction problems.
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0 -2 Initial configuration of the hydrostatic problem

0.40

0 -1 Fluid analysis conditions for the hydrostatic problem

Time increment [s] 5.0x 10~
Particle spacing [m] 50x1073
Stabilization parameter *®® 5.0 x 1073
Kinematic viscosity [m?/s] 1.0x107°
Density [kg/m?] 1.0x 103

-2 Structural analysis conditions for the hydrostatic prob-

lem
Time increment [s] 5.0x 1074
Number of element divisions 4
Parameter of HHT method « -1/3
Width [m] 5.0x 1072
Young’s modulus [N/m?] 7.93 x 107
Poisson’s ratio 0.40
Density [kg/m?] 0.491 x 103
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Without volume modification
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With volume modification

0.10
0.08

-~ 0.06

Velocity [m/s]

—0.04
0.02

0.00

1.25
|
—115 §
—1.05

—0.95

0.85
[ 0.75

Volume change ra

0 -3 Visualization result of the hydrostatic problem
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0 -4 Velocity distribution obtained from simulation of the

hydrostatic problem
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0 -6 Initial configuration of the free-vibration problem

0 -3 Fluid analysis conditions for the free-vibration problem

Time increment [s] 5.0x 10
Particle spacing [m] 3.0x1073
Stabilization parameter o** 50x 1073
Kinematic viscosity [m2/s] 0.903 x 107°
Density [kg/m3] 0.997 x 103
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0 -4 Structural analysis conditions for the free-vibration

problem
Time increment [s] 5.0x10™*
Number of element divisions 12
Parameter of HHT method -1/5
Width [m] 5.0x 1072
Young’s modulus [N/m?] 2.30 x 10!
Poisson’s ratio 0.25
Density [kg/m3] 7.80 x 10°

s

00 -7 Visualization result of the free-vibration problem

0 -5 The first frequencies and damping ratios obtained from

experiment and simulation

Experiment[14] Simulation
Frequency in air [Hz] 7.26 7.27
Damping ratio in air 0.0018 0.0018
Frequency in water [Hz] 7.07 7.04
Damping ratio in water 0.0075 0.0101
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