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Fig. 1 Overall model of interception scenario
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Fig.3 Internal construction and overall finite element

model of single-layer multi-chamber airbag
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Fig.4 Internal construction and overall finite element

model of double-layer multi-chamber airbag
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Tab.1 Numerical simulation results of maximum

impact force of three types of airbags and design

value of ship impact force

BRER BRERZER OWERER fi A
IMERE/  EAHER FBAER FEAER EE)
(mes™h) KL/ K/ KupEd/ B/
kN kN kN kN
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Fig. 5 Impact force curves of double-layer multi-
chamber airbag in boat impact with three

different grid sizes
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Tab. 2 Convergence data
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Fig. 6 Deceleration curves of small boat in Case 1
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Fig. 7 Deceleration curves of small boat in Case 2
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Fig. 9 Velocity curves of small boat in Case 1
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Fig. 10 Velocity curves of small boat in Case 2
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Fig. 13 Impact force curves of small boat in Case 2 Fig. 14 Impact force curves of small boat in Case 3
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Fig. 15 Element failure conditions after the boat impacting different airbags in three scenarios
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Tab.4 Factor level table
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Tab.5 Orthogonal test table
7K
A sy f KAl 77 /kN
A B C D
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5 2 2 3 1 844.23
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Optimization design of airbag unit for
inflated offshore fender system based on ALE

LU Zhengqi's LI Kai"', CHANG Songliang', YUAN Zhijiang’, JIANG Xiaogang®

( 1. School of Naval Architecture and Ocean Engineering, Dalian University of Technology. Dalian 116024, China;

2. Department of Navigation, Dalian Naval Academy, Dalian 116018, China )

Abstract: Aiming at type selection of airbag unit for inflated offshore fender system, two improved
types of single-layer multi-chamber airbag and double-layer multi-chamber airbag are proposed on the
basis of single-layer single-chamber airbag, and three typical interception scenarios of small boat with
initial speeds of 10, 20 and 30 m/s vertically impacting the middle of the airbag are built. Based on
arbitrary Lagrange-Euler (ALE) algorithm, numerical simulation is conducted by using FE software
LLS-DYNA to compare interception effects of three types of airbag units, which are single-layer single-
chamber airbag, single-layer multi-chamber airbag and double-layer multi-chamber airbag, via the data
including the maximum impact force, the maximum deceleration and element failure ratio of the boat.
Double-layer multi-chamber airbag turns out to be with the strongest interception ability. The design
parameters of the double-layer multi-chamber airbag are further optimized by means of orthogonal
test. The results of the optimization reveal that the maximum impact force of the optimized double-
layer multi-chamber airbag is increased by 9% compared to the original design, so the interception

capacity of the airbag is significantly improved.

Key words: inflated offshore fender system; airbag optimization; ALE algorithm; orthogonal test



