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Uncertainty analysis of large flared ship slamming response
based on CFD-FEM two-way fluid-structure interaction
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Abstract: The accurate assessment and analysis of nonlinear wave loads on ships and the high-frequency
vibrational response of ship structures are requisites for determining the safety of ship structures. However,
the reliability of numerical simulation and the analysis of their uncertainties have received relatively little
attention. This paper presents a segmented keel beam hydroelastic model CFD-FEM simulation and
experimental research to simulate and analyze the high-frequency response of a ship model in waves.
Uncertainty analysis was performed on the simulation results to evaluate the reliability of the simulation
model. The calculation results of numerical uncertainties can provide criteria for judging the convergence of
results under different influencing factors and the level of uncertainty. The uncertainty levels of the impact

pressure on the ship's bow, the motion of the ship model, and the high and low-frequency wave bending
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moments of the ship hull are also clarified. A comparison between numerical simulation and experimental
testing reveals that CFD-FEM two-way fluid-structure coupling simulation can accurately capture the high-
frequency response of ship structures. The high-frequency bending moment component of the ship under
cruising conditions can account for more than 49.95% of the low-frequency wave bending moment. The
dynamic response of ships induced by impact loads cannot be ignored, and their influence must be considered
in the structural design and safety assessment of such ships. This paper can provide a reference for the
uncertainty analysis of high-frequency structural dynamic responses such as ship impact vibration.
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Tab.1 Principal particulars of ship and model
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Tab.2 Dimensions of backbone beam with variable sections
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Fig.2 Towing tank test of ship model
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Fig.3 CFD-FEM two-way fluid-structure interaction calculation principle
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Tab.4 Uncertainty analysis of VBM and ship motions for three different fluid-domain sizes
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Fig.9 Calculated results of ship-bottom pressure under different time steps (#=4.5s )
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Tab.5 Uncertainty analysis of VBM and motions under different time steps

FRANAERT BE R A RER AREE
] 53 HEH
s L e T T

Sti Sta St3 &1 €23 Rg Py Cy OrE Ur Urc UrSta Sc
Yz 3.332 3.301 3.267 —0.031 —0.034 0.900 0.304 0.111 -0.275 0.275 0.245 0.083 4.066
% /mm 30.505 30.018 29.217 —0.487 —0.801 0.608 1.437 0.646 —0.754 0.754 0.267 0.025 31.307

1B IR
28.194 28.026 26.481 —0.168 —1.545 0.109 6.403 8.198 —0.020 0.316 0.148 0.011 28.342
4/ (N'm)
215545
54/ (N-m)

B LY
e 0.856 0.755 0.608 —0.101 —0.147 0.687 1.083 0.455 -0.222 0.222 0.121 0.294 1.218
25/ (N'm)

12.153 12.000 10.763 —0.153 —1.237 0.124 6.031 7.086 —0.022 0.284 0.131 0.024 12.284

FEAT ST AR v, LR B ]S K AE N I AL SRR AR, I FLORAIE = b WS T R AETHE S0
RE ™ A R I, o3 BT = AR [ RS A SRR A/L=1.0(A i) T8 F 1932 BJ) K 48 4af Wi 1
TR2H S 7 52 (A AR Al RS R R AR B R ILER 6, ANIRIR/NRIAR 25 BE & 11 i

HRAE R 12 F1ge 7 S5 T 50, AR A% /N ST TS B A MTRSAE 1 Ak M, F—B . B A=y
S ARTERE Us N Sqy 9 1.18%. 12.00% . 32.18%., 1&1E )5 BIRSIEAHE /350 1.18%. 7.00%.
18.80% . HAKIA 1 Ab i & 43 sS04 R SRSl . IR TR/ DN ) 228 A X AR A T8 YR 25 1) 52 e ¢
JIN, R R AR AR 14 e A T 25 S I T T4 K

R 6 =R MIEK/NEYEA R ~F 70 M4 24

Tab.6 Base size and total number of grids for three different cases

ELEPES Fhl R /m P At S AL
K% 0.035 286.43 77
rh A 0.025 328.3877
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Fig.11 Grid density under different grid sizes
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Fig.12 VBM results in the time and frequency domain for three different size of grids
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Tab.7 Uncertainty analysis of VBM and ship motion under three different types of sizes
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Fig.13 VBM results in the time and frequency domain for different structural damping
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Tab.8 Uncertainty analysis of VBM with different stractural damping
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o EM WS e e . -
TR My w2 EF WaeE Sl EIE
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1B IR
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A/ (N'm)
20 A5
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2/ (N'm)
T
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Tab.9 Uncertainty analysis of pressure with different factors
BNV S ) BIE  BH A BOEAS AEERE 45
e s %A AR ) e . -
UE =S TS W w2 EE WEE Al BIE
S Sp Si &1 €3 Rg Py Gy Oupp Uj Uic UySn Sc

A% 1.520 1.599 1.725 0.079 0.126  0.625 1355 0.599 0.132 0.132 0.064 0.083 1.730
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Tab.10 Values and proportions of VBM of different orders at Sections 1 and 2
ML (M) B2 (M)
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AT B 2%

R R cFD-FEM B4R CcFD-FEM  IRE45R CFD-FEM R4 CFD-FEM
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