16 % 44 =1

2008 4 8 H

ab
Ae

CHINESE JOURNAL OF ENERGETIC MATERIALS

7 B Vol. 16, No. 4

August, 2008

XEHS: 1006-9941 (2008 )04-0424-04

ZAAHBEREFRMESKFRINIEHAR
Fhor'?, AR, KA

(1. #hA¥%A2THEA, LT KJE 030051;
2. PEIRBAFLARSF R, L4 48 230027)
TE: BE LA HT T 00 ke vhs I8 T v B O 0 3h 7S R IR 5 A R M, X AL BR A 11, 4% AR R R 2 B
55 2 R B AT TR LI . I g R L FE 1.3 ~ 3 5 B2 AR IR O, R R S IR A M R AR T
BRI, SR KRN R AT 0 1. 12 % o AR A 24 B B8 LY S84 24 R B8 B TR ) A b T IR T 8 v B A S O A RS

P 0 3 285 i R 58 B AN, 2 v T S Y 5

KR RN RAEM W LB SR 1S

hESES: TISS; 0385

1 5]

WEREAL I h T REAS 0 35 4 v RE b, HLBE A5 B
T A B A1, B i U N, T A U M A
VERE R 76 P r A3 3 7 st

WA T FG v s 245 780 BT L i B S 5 e P SR A A
AR T 25 8 4 R, 5 1 49 ) S i L RS i B 2 A 1L
HA e TEAr 38 S5 5 2 T i L AT
Jamet" TFSE T 4 B 25 % 5B 45 T2 Xk S O 1 i )
| ,Jackowski“%ﬁ%? % FL 4l 25 1 5 R 6 5 e 2
I 1] F) 52 00, Seong ™ BIF 5T T 65 T 453 4 245 75 28 58 R 5
AR gE, FRIE  E AR SRR B T M
PR B AR I Rl . X S SY T A E T 2 LR R 2
TR T FSE, AT AR 0 BIL B ) AR A A% AF
R B BE B T84 BN, A7) 98 He R A A B
TR AL Bt A T RE kAR B B E S H AR,
DRI T A 06 B 6F 22 L. 24 750 8 3% i S5 F) — 6 BL B 47
2, T AT LS4 M 4 5 52 % o

WA RA B R T ZALA R, il T AT R4 b,
HA L5053 SR ITAS B 19 124 PR . AR SO R
AR I ot 0 T A7 BRE A0 L IR 45 AR 5, TR 5T
T 2 FL 2 Y B R S R AR AR 5 R S TR LB

2 EgHt

5% B 5 7T A0 4 140 0 3 75 T R OB
SIS X B0 05 5 900 A5 S — 260

il

2.1

W iE B H#: 2007-12-18; &[5 HHE: 2008-04-21
TEE® A (1978 - ) B fE i 4R N FRIE R R BT AT

e-mail: liru7841@ mail. uste. edu. c¢n

XEKARIRAG: A

2, Yo W 5 R B DX ST R I, B2 BT A
Y BT A 0 2 R TR N U2 R R O
TE FE A1 A2 oy T 3002 T 25 IR TE T 2852 T ORI
S AE Y , WM RH S T BT R
RRE P B A, 24 7 B b ORE AR IR R )
0] PN 2552 T 4% 3R 2 14 A8 T | G R A8 3K 1000% |, i 7R
HiK10' ~107 s, RIS IRE T, 2B s h
KB Jg 107 ~ 10" Pa - s — OOk F, K BE 5 0
F&BOW ARk, B 75 U5 BE 0 TH L R B e R
M TR AE S TR 0 = s S 452 T s N AR R T
VEAS T, Ak £ e 7 1 LA 5 3 4 o7 7 BB A 7 78
S8 A RSP 2008 ) D B B AR R o HG Ay T ) ARG
FEPEA K S Bk 1
r=f(y,y,T) (1)
K7y, T AF SR B B3, AR 107 78 R
AT =2 i 9 56 2 0T U T 3ok % -
7':7'07/"(%) exp(%) (2)
K70, v0 70 53 B BERHI A UE i RS 3 L R 7S
A n,m WO E R T
MR (2) 7T BLA B 2 50K A8 ) 38 3
AT LB f 30 25 S B - A, BT AT L8 S
R H S e i
2.2 EAMBHRNEESZHEBEAGE
SCHK g T b 2 A T e R L H
FEFF SR B R TR AT R, A 1 FTR,0 AN
K 25 1 25 750 58 ) 0 B 4R 5 4 Mk o5, OD g 98 55 Uk W T
OR g RN B WETHT , 0S 935 S B Wi o i T 2 FL 4 R
e o7 BT — R TR 55 77 0 1 o i B, SO 26



%4 1

EUNTLAF - 2oL 24 20 B3R BB S R AR X o R 2 TR L L OF 425

A AL 14 B S5 10 0 2 S 4 8 o iy . AE O SR
JH SRR S5 7 W) 1) T R i Ml 300 58 2% P T AR A 5 BE o
M IR T7 p FIRP R Z i IR R BLV I SE &
FEEE p-V KRR 2 fros o BUE i 0 5 2 4L
FERHESE 4 He S, W 2 SEAH LR 22 FL A BHIR G R p- VoA

Poczn
V)g=—t—s .
P( ) (1—37)) )
B poczn 2-vym
P(V)p_(l—sn)2 Z—Fo[a(l—a)_l*'n]] )
y Vo
mEly =ty )

K, TR S,p R AL MZAAEL, o J b RHL B
2, Voo I ZAUB BRI UG B, V, 55 SERT R A0 IR AR B,
n ACEAN EGE T, Iy H 2 Grineisen Z%0,c,s K
i S U R S w, Z AR R A

U ol i 5 24 R SR T 0 i &R ]
Fig.1 Shock wave scheme during the liner compressed
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Fig.2 p-V diagrams of solid and porous materials
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Fig.3 Experimental set-up
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Table 1 Experimental parameters and test results
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cm T, D =

No. liner materials standoff penetration cratering
/mm /mm /mm X mm

copper 9 60 14 x 16

1
powder 9 48 15 x 15
) copper 48 102 19 x19
powder 48 103 17 x 19
3 copper 78 107 21 x21
powder 78 120 12 x12
copper 108 121 17 x20

4
powder 108 128 11 x12

-
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Fig.5 Target penetrated by the copper jets
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Fig.6 Target penetrated by the powder copper jet
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Fig.7 Temperature rise along the liner
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Fig. 8 Porosity and jet dynamic strength
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Fig.9  Standoff-penetration curves

5 %

(1) FETH5 45 SRR, MUR A A 25 7 R I1 1At

UL A3 T L A v AR T 3 B S I RS A A B
Ao A o8 9L LA PR A e P BE T o

(2) vty i T DA 24 280 BE T 28 11 3 2 R A
(3) #£ 1.3 ~3. 0CD X =5 ¥ [ 9, AL BB

V1. 4% B By A 25 B 581 ) 2R RE S 00 27 TR 228 1L 55 4
2y TSI B SRR, R R S R AR Y 1. 12 A

5% 30k
(1] 1A%, AR, A 22 [M DL deat. [ g7 Toll i kikd, 2005

1l

193 -202.
YUN Shou-rong, ZHAO Heng-yang. Explosion Mechanics[ M]. Beijing:
National Defence Industry Press, 2005. (in Chinese) : 171 —=211.

[2] LI Wen-ho. Oil well perforator design using 2D eulerian code[ J].

International Journal of Impact Engineering, 2002(27) : 535 —559.

[3] Jamet F, Lichtenberger A. Investigation of the W-Cu liner material
[C]//9thISB, 1986 2 —233 -2 -236.

[4] Jackowski A, Wlodarczyk E. The influence of repressing liners made
from sintered copper on jet formation[ J]. J Mater Pro Tech, 2006
(171): 21 -26.

[5] Lee S, Kim E P, Kim Y, et al. penetration performances of tungsten-
copper shaped charge liner[ C] //22th ISB, 2005 : 437 —443.

[6] ERE, XIKA, HifiH, & B#RGSLREMNITRII]. K
T2, 2001, 22(1) ; 112 - 114.

WANG Feng-ying, LIU Tian-sheng, GOU Rur-jun, et al. A study on
tungsten-copper-nickel alloy as shaped charge liner[ J]. ACTA Arma-
nentarii, 2001, 22(1) . 112

[7] Fo4E, RE85E, HEHE, % . Copper-tungsten shaped charge liners
and their performance[ J]. 38 2%4R, 1992(2): 78 - 82.

WANG Tie-fu, ZHU He-rong, ZHOU Jian-long, et al. Copper-tung-
sten shaped charge liners and their performance[ J]. Journal of Ballis-
tics, 1992(2) . 78 - 82.

[8] . MR AMSHFLIRLT]. BRBEEsH, 1999, 28(1) : 28 -31.
SHI Hui-sheng. Oil perforating cartridge with small slenderness ratio
[J]. Explosive Materials, 1999 ,28(1) . 28 -31.

[9] W7, gl AR G40 B s 7 L)), #ai $ AR, 1995
(4):36-43.

CHEN Jun, LUO Jian. How the cavity formed of shaped charge jet?
[J]. Bullet and rocket technology,1995,4 . 36 —43.

[10] ZRAR, B, ok, 5. RAEFHWOBR[T]. BEShdE,
1997,17(4) : 318 —325.
QIN Cheng-sen, DUAN Qing-sheng, HAN Bing, et al. Breakup time
of the shaped charge jet[ 1]. Explosion and Shockwave, 1997 ,17(4) ;
318 -325.

[11] RAME, HARmE. PREHSEEIM]. 1. hER RS

AL, 2001 :104.
WU Yue-hua, YANG Jie. Material structure and property [ M ].
Hefei; USTC press, 2001 ; 104.

[12] Meyer M A. Dynamic behavior of materials [ M]. John Wiley and
sons, inc. 1994 327 - 331.

[13] Trebinski R, Jackaski A. Influence of shock wave heating during
porous liners lauching on the behavior of jets[ A]. 17th International

symposium on ballistics, part 2, 1998 235 -242.

Deep Penetration Mechanism of Jet Produced by

Shaped Charge with Porous Liner at Low Standoff Distance

LI Ru-jiang'*, SHEN Zhao-wu®, LIU Tian-sheng'
(1. Department of Safety Engineering, North University of China, Taiyuan 030051, China ;
2. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China)

Abstract ; Compressibility of porous materials was considered, shock temperature rise effect on the dynamic strength of front jet was

analyzed theoretically. Penetration test results show that the porous copper liner with 11.4% porosity has better penetration ability

than the homogeneous one when the standoff distance is between 1.3 and 3 charge diameters (CD) , and the maximum penetration of

porous jet is 1. 12 times than that of copper one. The temperature rise in the porous liner is much higher, which is helpful to

decrease jet viscosity and dynamic strength and increase the stretching ability at low standoff distance.

Key words: explosion mechanics; shaped charge jet; porosity; porous liner; low standoff distance



