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Fig. 1  Collapsing process of the liner




%5 3 3]

ZEIRIR A R AT ST A 5T 249

AR 22 PSR T SRS, S TR B ek 500 -
dm; = dmsin® (8/2) (1)
dm_, = dmcos’(B/2) (2)
A, dm dmy Fdm 5350 2 25 B 515 AT AR BT
AR B A M o T A 2 25 R LA A O E
FCARLB , 69 50 B A, A R Jo o DU /) A g g e
FE LR SR BB R R s & A i 2 B S AR e 24
SERGTTAL AR TR AR GOT , R I A B OT Y
A B ROBUIN TR T80 I, KEB I A AA
W, Ry 5 BN AR S5 R DR L TR A 2 B B
TS0 BE JEE S5y, BRIV B TOU0 1) JE 940 J52 1 58 ¥ i /) , I
HAEGHERRTHREHE.
(2) FEA Sk R i 22
R A8 5 3 T B , S O R A 2 o) o, YR GK
o350 8
v, = vyesc(B/2)cos[a +8 - (B/2) ] (3)
v, = vysec(B/2)cos[a +8 - (B/2) ] (4)
A, a FI06 3 il o2 25 BB P HE S IR L M. e A
WOoTHy Sk B B L, A
v 1

n :j - tan(B/2)tan[ o + 8 - (B8/2) ] (3)

X — AR 2 T SR YL, o 1E P G2 — 1 5E
{H,6 RSB MY SF S HOA R, X T Pl
WER, NIt n RS B A K. KB MK, ZIEW/NE
BRI, B A7/ ME . I, O T Rk R 22
BT TR UG TR A1 B F I AE » IS/ IME Y B

(3) Fi o 9 L o8 A o 2

TE N 25 S 25 5 A0 1 7€ W9 D01, 52 0 S 3 1 5
Fh S PR B A | 2 TR R R JRE I R 24 T R o
HE AR A o DB/IN 2 TR R R R HE A i) LUA AR 4R v A
U P AFR AT 0 S 00 Do R P A AR Bl R O
v, FIR(3) AIAT: 1% 24 J 2 1Y 53 25 1 o 7E 119 2% 1F
SR FH P TR K R IR R A% AT AT R0 R v S U
JEE 3 R O 5 Al RS R B S 1T AR g% BRI S Sk
LA R AV S5 D0 o THT 32 £ 15 2 R BR L R 2 R Y R A
—J7 T 5 e 25 R B OO0 Y e 45 3 v, , 75— T T R AR
YT ROTH I 5% s 8, AT AR S ROC Y & F0 B, X
P77 THT (V42 RE R v St o B2 M i Bl . TG,
T v SROL A R A SEE  al A T B L RS S R
THT AL AR R BT AL A o 3 o SFRAL 2 (AL R AR i Lk 2
LR B I IR S A B, AH P X B A U 2
SREVEANXS FJE o N T AR UEFALRA B i, LA
eI /INeR) 3k e B2 2, R 2 Y B MRk i I i 20 2

T HOCHY B AT AL — 6 18 B A
3 HEERH

3.1 tEER

MR T B e 2 A X oL 1 18 i S ), B it ) — el
ARERERAL (KRHES ) B 2h 45t mA BB WA TR
RE S U BB AR B R L2 R B 2 ), BRI R &
F o SR 17 BE JE 1) 24 Y B85k sl /N BUAT 44K 1) o o, B
TR Z IR B B R . [ e 2y AR R T2 A B
AR RS EIRI AR i, KA IR a0
[l 2a IR, E B AR 45 KE 24 24 80 R Se AR 2 A

K H AT S LS-DYNA A X0 A8 B ik 4 2
SR HEAT AR, S DT TE B 2 45 F e AT
SIS Y BT 2o AR LI | 24 8 B8 1 245 ) 0 Ak R 98
O FAL R S R A . A R R 55, A E BT
IR RGN &l 2b R o 24 U EE AR ORL SR 4 A
KB VR 5 1Y 52 0, 3% 24y T 2 0 25 (RDX/TNT =
70/30) ,BEZHBEEE1.70 ~1.72 g - em , EAREZGR
o st B A R B O kS 4 o Oy 20, H v SRR R R H AR R
3D, /4 B KAEL R 1.2, AT M BHE R RS T
FEFIAE SRR IR T ¢k [ 10 ~ 13 ] 35 R A
Lagrange 4% @50, TH3E I ] B 5008 By 50 s

+ + + 4+
detonator
+ + o+ o+

-
| +
L

# ! #
eprFsive

casing

(a) (b)
K2 Beiaii S aE kK
Fig.2 Shaped charge and computation sketch
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Fig.3  Formation process of high velocity rod-shaped projectile
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Fig.4 Effects of height of liner on projectile formation
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Fig.5 Effects of height of liner on projectile velocity
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Fig. 6 Effects of curvature radius on projectile formation
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Fig.7 Effects of curvature radius on projectile velocity
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Fig.8 Effects of cone angle on projectile formation
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Fig.9 Effects of cone angle on projectile velocity
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Fig. 10  Effects of initiation methods on detonation waves and projectile formation



252

o
>
o

)

e %515 %

4% @

(1) AR AT 2K 53 L 0 4 500 28 B O i 3
T3 BT H R 25 0, 1 1 v A L B
(2) W H] LS-DYNA FR {4 x A8 3k ke 7Y 26 24 4544 T
e AT 2 L Y Y R AT B AL, AR B T AT X
SILRY R S R AL . a5 15 B 2 R B A
ZBOR R AR T3 2R B L AR TR 1 5 e R, R D i
R E M S E X R R NIE R, = (0.55 ~
0.6)D,4p2 R, =(0.58 ~0.62)D, 2§ & & H =
(0.3 ~0.35)D,HEff o =82° ~86°, X Lughiy S %k
R B, T — 0 B LR R Bk
SE 0k
[1] Whelan A J, Furnisss D R, Townsley R G. Experimental and simula-
ted (analytical & numerical ) elliptical-form shaped charges [ A ].
20th International Symposium on Ballistics [ C ], Florida: National
Defense Industrial Association, 2002. 446 —454.

[2] Baker E L A Sdaniels. Selectable initiation shaped charges[ A]. 20th

(A

International Symposium on Ballistics[ C], Florida; National Defense

Industrial Association, 2002. 436 —449.

—
w
[

Blache A, Weimann K. Shaped charge with jetting projectile for ex-
tended targets [ A].
[C], Midrand, South Africa: The South African Ballistic Organiza-
tion, 1998. 235 —244.

[4] Mattsson K,

17th 20th International Symposium on Ballistics

et al. Development of the

Reinecke W G. 18th In-

Sorensen N, Ouve R,
K-charge, a short L/D shaped charge [A].
ternational Symposium on Ballistics [ C], San Antonio, Texas, Termi-
nal Ballistics Vulnerability Wound Ballistics, 1999. 528 —534.

[5] &R DMRBLREBRLGLMPIFRIR]. S FAY IR
i, 1997.

—
)}
—

—
2
—

—
oo
—

[9

[

[10]

[11]

[12]

[13]

LI Fa-bo. Experimental investigation on small length-diameter ratio
shaped charges [ R]. Mianyang: Fluid Physical Institute, 1997.

WE R, PhRES, BAkiE. KHEMREEGLRITI]. mIEY
HiZ£ 47, 2003, 17(3) : 204 -208.

TAN Duo-wang, SUN Cheng-wei. ZHAO Ji-ho. Experimental investi-
gation of shaped charge with large cone angle [ J]. Chinese Journal of
High Pressure Physics, 2003, 17(3) : 204 — 208.

Fif, LR, AR, . AU W 25K T/ AT A FST
[J]. et k24 , 2006, 26(3) : 189 - 192.

WANG Hai-fu, JIANG Zeng-rong, YU Wei-ming, et al. Behavior of
jetting penetrator charge operating underwater [ J]. Transactions of
Beijing Institute of Technology, 2006, 26(3) . 189 - 192.

BIEFE. RAEAF R AR R AP EOEE (D], B Rt TR
B3, 2005.

HUANG Zheng-xiang. Investigation on formation mechanism of rod-
shaped penetrator [ D]. Nanjing: Nanjing Institute of Technology,
2005.

FER oG, R, 2 G anist [ M. dust: 1By Tl i it
2000 198 -260.

SUI Shu-yuan, WANG Shu-shan. Terminal Effects| M]. Beijing: Na-
tional Defence Industry Press, 2000.

Dobratza B M. Properties of chemical explosives and explosive simu-
lants[ R]. UCRL-51319, 1974.

Jones N. Structural aspects of ship collisions[ A]. Jones N, Wierzbic-
ki T. Structural Crashworthiness| M]. London; Butterworths, 1983.
Livermore. LS-DYNA Keyword User’s Manual [ DB]. California:
Livermore Software Technology Corporation, 2001. 610 —616.
AR, TN, X063 R 32 1 B 280 0% A i 280 I 1) = 4 %K
{ERELT]. A5 i, 2005, 25(4) : 313 -318.

GUI Yu-lin, YU Chuan, LIU Chang-li. 3D simulation of over-turned
explosively formed projectile ( EFP) with star-shaped fins[ J]. Explo-
sion_and Shock Waves, 2005, 25(4): 313 -318.

Preliminary Study of High Velocity Rod-Shaped Projectile

LI Cheng-bing', SHEN Zhao-wu', PEI Ming-jing’
(1. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230026, China;
(2. Space College, Northwest Polly University, Xi'an 710072, China)

Abstract. According to the features of high velocity rod-shaped projectile and classical theory of shaped jet, formation qualifications

of high velocity rod-shaped projectile were analyzed and some design guidelines were put forward. The shaped charge with modified

hemispherical liner was simulated by LS-DYNA software. The formation process and mechanism of the high velocity rod-shaped pro-

jectile were obtained. The effects of structural parameters of liner and initiation methods on projectile formation and performance pa-

rameters were shown by simulation, the interrelations of structural parameters of liner were preliminarily fixed on: the inner radius of

liner R, = (0.55-0.6)D, outer radius R, = (0.58 =0.62) D, height H=(0.3 —0.35)D, half cone angle a =82° —86°, where

D is diameter of liner.

Key words: explosion mechanics; high velocity rod-shaped projectile; liner; structural parameter; initiation method



