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Numerical simulation on fragment armor-piercing against
sandwich plate with fiber reinforced composite cores

XU Yu-xin', DAI Wen-xi*, WANG Shu-shan', ZHAO Xiao-xu'

(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China;
2. China Ship Development and Design Center, WuHan 430064, China)

Abstract; The energy transform in the process of fragment armor-piercing against a sandwich plate with fiber
reinforced composite cores ( made up of superimposed steel plate, composite material plate and steel plate laminated ) was
considered. The fragment simulation projectile (FSP) penetrating into different kinds of sandwich plates with high velocity
were numerically simulated and the ballistic limits of fragment piercing 16 kinds of sandwich plates were obtained. The
credibility of the numerical simulation method was verified by comparing its results with the experimental ones. Under
critical fragment perforation, the correlation between the energy absorption ratio of the each part of the sandwich plate and
the structural size was studied by analyzing the numerical simulation results. The results show that the energy absorption
ratio is constant for different thickness core plate ( for aramid fiber core, 10.41% , for glass fiber core, 2.68% ), the
internal energy in core plate is quadratically increased with the increase of its thickness. On this basis, the calculation
method for ballistic limit velocity of fragment penetrating into sandwich plate with fiber reinforced composite cores was
obtained.
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Fig. 2 Structure size of the fragment simulation projectile (FSP)

500 1000

(@) JLAnTAERY

e
.

(b) ESHfRARY

B2 B fy Y

Fig. 2 The model of numerical simulation
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Tab. 1 Material model and parameter of 35CrMnSi steel
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Tab. 2 Material model and parameter of Q235A steel
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Tab. 3 Material model and parameter

of fiber reinforced composite cores

- " Bl
B2 A B kevlar =129  E - Glass
wE BEWE/(grem’) 1.29 2.55
%8k A,/Mbar 0. 0821 0.1213
%8k A,/Mbar 0. 7036 0.1798
%8k A,/Mbar 0.00 0.00
&K T3 7% ( Griineisen ) % %50. 35 0.15
RE T 21344 0.25 0.25
F}4ERE/ (Terg - g~') 0.0823 0.02093
SR T,/ (Terg - g7')  0.00 0.00
ST,/ (Terg - ¢7')  0.00 0.00
SHARE/K 0.00 0.00
e/ (Terg - gK™')  0.00 0.00
—— BEIA% L/ Mbar 0.30 0.27
JE BRI J1/Mbar 0. 0051 0.0047

1.3 BEMEEREIBRE

X 16 FSzd T AT A U0 2L, 345 S
ZEFF TR LI 3o O S 9 L PR, 445 FSP
SALT AN R A5 =W AR B PR, e 4, di 4
A, 16 il 526 T 00 R(EL 01 32 52 06 45 R iR 22 B 7E
10% LA, IR TR R 23 2 fih 15 B S b RS B 2
WA TAT 45 R BA W A5 B, A8 o F B (EL Dy B i —

AT B E Bl
100 ps

0 ps 10pus 20us 40pus 70 pus

B3 WA XL Aesg i i ok = ia i H T 1
Fig. 3 Simulation on armor-piercing of fragment against

sandwich plate with fiber reinforced composite cores

2 HEGELERSH

2.1 IEARFRGTHER R

SRR RS SRR L2 R 6 A T — e SR S 4 e
Mt/ NG, O 50% 2 B BER AT W RRIE 5
R S A R R DAy A T A 6 W S BT
BBOR LA 5 528 R AR S A R W i sl RE e A
FA IR ZE D A Sl BE | SAAREE (A Y P RE | BEAR A AR > ST
MINBESE . P SCRRLT ]S 2L e SR AR RS 14



w2

TRIGHNSE : LPYENG S S S PP = AR A A 25 FR B

137

&4 FSP AR FEFEN =R REERR
Tab. 4 The ballistic limit of FSP projectile
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Fig. 4 Energy absorption rate of each part of sandwich plate
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Fig.5 The change of energy absorption

rate of core plate with its thickness
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Tab.5 The energy absorption rate of core plate

under different thickness of front and back plate
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absorption rate of sandwich plate with

the thickness of core plate
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