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Numerical Study of Ring-stiffened Cylindrical Shell Subjected to Underwater
Contact Explosion Based on ALE Method

DONG Jinxin' ,HUANG Weijia' ,LU Xi’

(1. Unit 92337 of PLA Dalian 116023 ,China; 2. Shenyang Ligong University , Shenyang 110159 ,China)

Abstract; With the development of underwater guidance technology,the problem of contact explo-
sion damage to underwater structures has been more and more concerned. In order to study the un-
derwater contact explosion damage characteristics of ring-stiffened cylindrical shell structure,
LS-DYNA’ s arbitrary Lagrange-Euler method is used to simulate the formation of the explosion
shock wave , propagation and its damage to the cylindrical shell structure. The underwater contact
explosion under the action of a single, double-layered stiffened cylindrical shell damage response
characteristics is investigated and the damage patterns of the stiffened cylindrical shell under the
conditions of different charge and blast distance are analyzed. The result of research shows that:.
under the conditions of underwater contact explosion with different charge and blast distance, the
stiffened cylindrical shell shows a variety of damage patterns,the position of the reinforcement and
ribbing is prone to tear-like rupture,the damage to the plate and shell structure is mainly manifested
in the depression and deformation and along the position of the reinforcement of the extended
cracks,and the blast distance has a more obvious effect on the damage patterns. This study can
provide a reference for the structural strength analysis and protection design of underwater

navigation body under the action of underwater contact explosion shock wave.
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Table 1 Parameters of state equation of TNT

po/ A/ B/ 4 R u/
w
(kg'm~3) GPa  GPa ' : (KI-kg™")

4.15 0.95 0.3 3680
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Table 2 Material parameters of Q235 steel
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Fig.1 Schematic diagram of calculation model
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Fig.5 Schematic diagram of cabin structural section
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Table 3 Size of T-beam components m
LATEE H, H, H; H,
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AaBELE 0.08 0.026 0.224 0.014
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Fig.7 Effect of the number of meshes on the wall

pressure of the cylindrical shell
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Fig.8 Calculation model of double-layer ring-stiffened

cylindrical shell
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Fig.9 Typical time pressure cloud maps of double-layer ring-stiffened cylindrical shell in the

process of contact explosion
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Fig.11 Typical time equivalent stress cloud maps of double-layer ring-stiffened cylindrical shell in the

process of contact explosion
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Fig.12 Stress nephogram and strain cloud maps of ring rib structure
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Fig.13 Typical time pressure cloud maps of single-layer ring-stiffened cylindrical shell in the

process of contact explosion
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Fig. 14

Typical time equivalent stress cloud maps of single-layer ring-stiffened cylindrical shell in the

process of contact explosion
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Fig.15 Effective plastic strain cloud map of single-layer

ring-stiffened cylindrical shell
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Table 4 Calculation conditions of simulation
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Fig.16 Ultimate failure patterns of double-layer

ring-stiffened cylindrical shell
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Table 5 Damage patterns summary of double-layer

ring-stiffened cylindrical shell

T4 2N 5N

1 AR FEFE R R B ALY ; T PR 5e v JR R M R A2 0
2 AT T 2 AR AT A 5 0 1T 58 2 PR [T g AR 7
3 AR R TE B AR M B AR TE T R 52 A [T B AR T

~

AT 7 A ORI 1 B A AR I AR T i I e Ak T A8 T
5 AR RTEASSOIRASE 111 B B AR MR AR T 5 2 R 11 B 7 9
6 AR IR TE R A M BT  Tif R 52 R A [ B AR T

AN ) 25 VR I 2 0 B0 )2 T 7 [ A 5 ) B
Pt S (RS A —5r 2 —) W 17 B iR
RICEFE6,

QQQ

(@) TH1 (b) TH2 (c) TH3
(d) T4 (e) TS ) TH6

17 BRI RHTRLBIFEN
Fig.17 Ultimate damage patterns of single-layer

ring-stiffened cylindrical shell
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