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Fig. 1 Model of interface between through bulkhead initiator
charges and bulkhead

a—donor charge, b—acceptor charge, c—bulkhead and hull,

d—air
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Table 1 Fracture control parameters of bulkhead
parameter A/MPa B/MPa n C m
value 0.00499 0.00382 0.458 0.0079 0.893
parameter D, D, D, D, D,
value 0.636 1.936 2.969 0.014 1.014
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Table 2 Parameters used in the Lee-Tarver model
i G,

parameter 4 a b . e d y
/s /Mbar ~* - us

value 30 0.01  0.6667 0.045 0.6667 0.1111 1.0
. G, .

parameter  Figmax e g _ _, FGymax  FG,min

/Mbar ™% - us
value 0.015 1 1 0.0018 0.25 0

LS-DYNA user input

Time = 0.079324

Contours of Pressure
min=-0.0007516, at elem¥ 19661
max=0.104582, at elem# 17290
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Fig. 2

LS-DYNA user input

LS-DYNA user input

Time = 0.39914

Contours of Pressure
min=-0.00113632, at elem# 19681
max=0.119054, at elem# 18711
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Nephogram of stress for shock initiation through bulkhead
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Fig.4 Effect drawing of the bulkhead failure
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Table 3
head

Simulation results of shock initiation through bulk-

thickness of bulkhead/mm 1.0 2.0 3.0 4.0 5.0 6.0

detonation or not yes yes yes yes yes  no

penetration or not yes no no no no no
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Table 4  Experimental results of shock initiation through
bulkhead
thickness of bulkhead/mm 1.5 1.8 2.1 2.4
detonation or not yes yes yes yes
penetration or not no no no no

£ LTI A LS-DYNA #E47 Fp 1 0 B T3, 2 8L
Wit 5 TRER A HLETE, o8 RS i i B4R
WE ST o ALREA R I ] N 85 9% i AR
& w AT SEPE BT K, BA B 2 T A E S

T

(1) i A A A8 0 1) A0 S AR R AT 1 g A, O i

Chinese Journal of Energetic Materials, Vol. 19, No.2, 2011 (221 —225)

W@

3L T LS-DYNA f B AR X b A o o B 9% 2o 2 F A7
TEERRL AT AT A R HLRR AR 5 Y R
EILEZA N 2.0 ~5.0 mm,

(2) X ESS R, BT TAK N 0.3 mm £
o o A 8 e E AT RS E 5T, B 2 2R SR B, PIric i Y
W i A% i 12 R L D R e LB AR i B 5 10 4
KGR

S &k

IR TGRSy I B e S N A LR 1l R = R T
[J]. &= T.2%4%,2008,29(11) : 1315 =1319.
WU Jun-ying,CHEN Lang, LU Jian-ying,et al. Research on shock
initiation of the high energy solid propellants[)]. Acta Armamen-
tarii,2008,29(11) . 1315 -1319.

PRI, R, 5 3, 6. M 25 5 SCae M A AU () ] et T
F2z24R 2009,29(6) : 497 —501.
CHEN Lang, WANG Chen, LU Jian-ying, et al. Experiment &
simulation of sympathetic detonation tests [ J].
Beijing Institute of Technology,2009,29(6) : 497 —-501.
R TR L K8 XU R T 0 Jo e K 24 o 3 gk ) 8RS 0L A 20
B[] & T4 ,2009,30(9) : 1187 —=1191.
CHEN Wei-dong,ZHANG Zhong, LIU Jia-liang. Numerical simu-

lation and analysis of shock initiation of shielded explosive

—
N
[

Transactions of

—
w
[

impacted by fragments[)]. Acta Armamentarii,2009,30 (9):
1187 —=1191.

PRI, BRCE R, B R AR, 5. 45 WS B IEA M S 55aE)].
JHE 5 ph ,2005,25(5) ; 451 —456.

CHEN Gang, CHEN Zhong-fu, TAO Jun-lin, et al. Investigation

—
N
[

and validation on plastic constitutive parameters of 45 steel[ J].
Explosion and Shock Waves,2005,25(5) : 451 —456.

PRI, R R IR AR DY, 55, 45 M J-C Sl RS et [)]. 1
YE 5 ik 2007 ,27(2) : 131 —135.

CHEN Gang,CHEN Zhong-fu, XU Wei-fang, et al. Investigation
on the J-C ductile fracture parameters of 45 steel[ J]. Explosion
and Shock Waves,2007 ,27(2): 131 =135.

Teng X, Wierzbicki T. Numerical study on crack propagation in

—
(%21
[

—
[}
[

high velocity perforation[J]. Computers and Structures,2005,83
(12 =13): 989 —1004.
[7] Dey S, Boryilc T, Hopperstad O S, et al. On the influence of
fracture criterion in projectile impact of steel plates[J]. Compu-
tational Materials Science,2006,38: 176 —191.
BT . B PRESTT R R E ME L R (D] JEat:
et T K% ,1998.

XUE Zai-qging. Detonation products equation of state and explo-

—
o]
s

sion process of aluminized explosives[ D ]. Beijing: Beijing Insti-

tute of Technology,1998.

—
©
—

Hallquist ] O. LS-NYNA theoretical manual. Livermore software
technologycorporation. 1998.
[10

—

Lu ) P,Christo F C,Kennedy D L. Detonation modeling of corner-
turning shocks in PBXN-111 [ C] // 15th Australasian Fluid

Mechanics Conference, Australia 13 =17, December 2004.

w4 # WWwWw. energetic-materials. org. cn



5 AR 8 i e b A AR R ) BB A A S SR F S 225

Numerical Simulation and Experimental Investigation for Shock Initiation of Bulkhead Initiator

YANG Zheng-cai'’, LIAO Xin', LI Xiao-gang’, ZHAO Liang®, XU Wei*

(1. Chemical School of Nanjing University of Science & Technology; Nanjing 210094, China; 2. Depariment of Chemistry, Tsinghua University; Beijing
100084, China; 3. Xi'an North Qinghua Mechanical and Electrical Apparatus Group Co. , Xi'an 710025, China; 4. The Academy of Chinese Enginery
Science, Beijing 100089, China)

Abstract: The numerical simulation was employed to the design of a mone reliable bulkhead initiator. The explosion transimission
was simulated using LS-DYNA code. The simulation results show that when the thickness of bulkhead is between 2.0 mm and
5.0 mm, the bulkhead will transmit shock wave well without being penetrated, and the bulkhead initiator can perform its normal
function when the thickness of bulkhead is between 1.5 mm and 2.4 mm. The simulation result agrees with the test result.
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