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Fig. 4 Sketch of division of the front and rear plates
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Fig. 5 Load characteristics of each division of the front plate
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Fig. 6 Load characteristics of cach division of the rear plate
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Fig. 7 Specific impulses and peak pressures of the front plate
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Fig. 8 Specific impulses and peak pressures of the rear plate
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Fig. 9 Specific impulses and peak pressures of the front plate at different initial velocities



6 v o i %36 &

7000r Incident_shock wave Iﬁcsll‘ilgg&l)f‘ﬂ:rsll;‘e 10" Jncident shock wave Local high pressure Cavitation pressure
6000f TTOTis0ms - el 500mhs — %=1 000m/s - 0,=1 000 m/s =1 000 m/s
T aTa000 s - 0u=2 000 mis T %=1 500mis - 0=1500m/s ——v=1 500 m/s
5000 " me " ) 10k > %=2000m/s - 0=2000 m/s  ——,=2 000 m/s
’ Cavitation pressure ——
- i —+0y=1 000 m/s N T
2 40008 ¢ o1 500 mis s \\ . .
& =000l ¢ —— =2 000 m/s &, 10 .
= B S =\
2 000 10k
——
1000 e
0 i e R St ey 100 e o
2 4 6 8 10 12 14 16 18 20 2 0 2 4 6 8 10 12 14 16 18 20
x/cm xlcm

[ 10 S [RlW) 3 T J5 B 09 Lo bk K TR ) e (.
Fig. 10 Specific impulses and peak pressures of the rear plate at different initial velocities

23 AT I A R A 0 0 i AR AR T T W (L % L i A A BRI DA A S e e R ) S R R 4
Ao AN T 35 X — P R T A R S BRI . S5 A Y R R R i R R R
St e ot e A AR R WS R TP JE s o3 B, A TR T S AR (R AN RN g R RE T R R R
2.3.3 KBREZAREZ

P11 AR K BE LR AR AT AR i 7= A e i T b R e (E po Ak e Rt 2 oy 11 AT R0
Wit 2 7K S EE B 384 0 AR oo 9 s g WL e A T R AR L b BE AR N AR R T YRR T A R L )
T F5 S 3l PR S R R o PR TR S g A R B B b BEOR R/ . 2 L =300 mm B, K5 I O i 5 S
M T 2 A W EL AR AN [R) L 7E 2 MPa 7247 . 53 A B 7SR JEE ) 38 0 o 25 A 280 er s ) 068 {0 S AR PR 5 A
AR B SRR K b iz 3l T B s A A T )38 0, PR 2 A T g 800 4 T B b S T

Incident shock wave Reflected wave Incident shock wave Reflected wave
5000F —=— =100 mm o— [=100 mm —=—[,=100 mm e L=100 mm
+— L=200 mm —+— L=200 mm 10° v—L=200 mm —+— L=200 mm
4000k —— L=300 mm —+— L=300 mm —— L=300 mm —+— L=300 mm
Cavitation pressure Cavitation pressure
2 3000F —+—L=100 mm s —+— =100 mm
g ——L=200 mm & 10 ——L=200 mm
= 2000k L=300 mm ) —— L=300 mm
1000F WF
of .
1 1 1 1 1 1 1 1 1 _ 1 J l()(l 1 1 1 1 1 1 1 1 1 ‘I
-2 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

x/cm xlcm
11 SR K B BE TR AR 1 b i B e g 0
Fig. 11 Specific impulses and peak pressures on the front plate at different lengths of waters
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Finite element analysis of load characteristic of liquid-filled structure
subjected to high velocity long-rod projectile penetration

Li Dian, Zhu Xi, Hou Hailiang, Zhong Qiang
(Department of Naval Architecture Engineering » Naval University of Engineering ,
Wuhan 430033, Hubei, China)

Abstract: To find effective protection for fluid-filled structures subjected to high-speed projectile pene-
tration, we studied the characteristics of a structure bearing impact loads when undergoing high veloc-
ity rod projectile penetration using dynamic nonlinear finite element, and analyzed the process of the
impact load, the load strength, the projectile initial velocity, and water scale, and their effects on the
front and rear plates that bear the impact. Our results show that the initial penetrating effect (pit-o-
pening) on the liquid-filled structure forms incident shock waves, which will have a high peak pres-
sure but a short duration, and produce multiple reflections in the liquid. Along with the penetration
process in the liquid, the cavitation will occur and result in a cavitation pressure load which will reach
a small peak value with a long duration. Local high pressure load will be formed due to the rear plate
hindering the liquid flow, and incident shock wave and local high pressure increase with the increase of
the initial projectile velocity but decrease with the increase of the length of the waters. According to
different characteristics of shock load borne by different parts of the structure, the front and rear
plates are divided into three different areas, and a simplified model was established for each.

Key words: mechanics of explosion; load characteristic; finite element analysis; liquid-filled structure;

load strength; influencing factor (FfEwmE T %



