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[ABSTRACT] Metal liner of energetic penetrating charge, which has a single layer, is usually made of energetic mate-

rials. Its penetration depth is low. While the bi-layer energetic penetrating charge with energetic materials outside and high
quality tungsten inside not only increases the depth, but also has a self-cleaning function. A shaped charge liner mold with
a new structure was designed, which successfully fabricated bi-layer self-cleaning shaped charge liner. Concrete target test
shows that the bi-layer self-cleaning perforating charge has a 695 mm penetration depth,increased by 73. 8% compared with
the single layer self-cleaning shaped charge having a 400 mm perforating depth. These results indicate that the bi-layer self-

cleaning shaped charge has a greater advantage in perforating depth.
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Fig.1 Simulation of Tamer jet portion and slug distribution
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Fig.2 Structure of penetrating charge with bi-layer liner
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Fig.3 Energetic bi-layer liner
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Fig.4 Mold designing of bi-layer liner
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Tab.1 Material composition of bi-layer liner
B LSy 2T HE
YRRk TR/ g 2 RIE R R/ g
TREMARE A 48 24
T B 0 33

2 HRSHE

2.1 WNEHBEBHFEMNTIRIERE

FH He ) 0 245 780 5843 500 78 [R) 2% 14 1 e 1] 559 L
B IFSEA TS, SHLERI TR A AR B
160 mm K 1 m (8 APL 19B JRJE T80 & N
12 cm; [HIBRA 18 om; B A FIE 4 19 R B

10 em, ZFHEARMNER 2 Fion, 18 5 AR ERES AL
Y HFLACR
A2 FREHEIL
Tab.2 Comparison of penetration depth

e SR/ mm :
4R A e 89 Al WUZ e 89 #laH
1* 410 700
2* 390 706
3* 400 680
A 400 695

(b) HHFLFLIE
5 MUZZRYEGTLACR
Fig.5 Perforation effect of bi-layer

M2 AT LLE ), W2 2R EE 5 i 4 g 245 7
BB SRR 2 AR, W2 B e ST LR A 5 FLIR EE L
WG JE S Re it FL B SRR 73. 8% . MRl 5 ]
DIE SRS Re AL LI K B A,

X2 P e 2 R BB ZE R PR R LU B 43 iR 5 e 2 1 B
FURMERR R E R, EE R T )2 248 i = A
J7 )4 SR AL AR, 7 24 70 B8 v A ep T e 2 A
Ui, S A e N SRR N
2.2 HEEHL

SHfLsRZG R S AR AR AR T s R, B
KA | e AR R AR Ab R A | e Ly AR 3 4
[A] T | Euler B35 b Lagrange 551 8 &, AN 5T
Hi 3% Ls-Dyna 1) Euler BIA T, JTRAR Y
mE 6 frs, Horb N2 S MOk, A2 R
Rk,



.34 . T I )

5 46 B 2 1

El6 T
Fig.6 Calculation model
YE 242K F High-Explosive-Burn #57 & JWL RS
TIEE I LAl &, 25 AR A Null A1BHEE B K2 Liner-
PolynomialtR 25 7 FEhn LAFE AR
2 A0 8 5 R TR AR R v AT L g AN
BN 75 B N7 24 AU B A 9 A A Mie-Gruneisen
EOS W& AR G S R TP A R AR R & 2
AR R M Ls-Dyna AbPH . Liu A1 Shen'"! fifi
F EOS IRZS Ty BT 2 AL B8 g o o i 72, A0 Hir 45 2R
K BMGERGHARSEREFTHEG, £T
Hugoniot 1 J5 #2 f) Mie-Gruneisen EOS J7 F£ {1 F
F7R
p=pu+Ip(E-Ey). (1)
A H . I K Gruneisen Gamma RE, " =B,/ (1 +un),
B, N— 1880 NWa B RSB S p, FE, N
Hugoniot [k JJ FIBEH .
Horp
by = PpoCom(1 +) .
[1-(s-Dpl”’

_Puf
Bu=ga () ®

. Cy Ry F TR R A% 18 3 8 5w Sy 7T T 4
R w=p/p, - 1;s WEE

Mie-Gruneisen EOS AR 7 75 F2 A5 0L 5 5 1) 8% 5%
R, AR R FH Johnson-Cook T FERR

o=(A+B&e") (1 +Clne™ ) (1 -Ty) (4)
Ko NIAEN I 56 NIBYERIAS 5™ W A8 3
2T, MR ;A B .Conom HHFE

T-T

Ty=g— (5)

P 7 S XUZ 25 B B VS SRR B A R M 22
MR, SNZ BB IE UL, FURIE BT FRAR
— g, SR UL A S S TR R ) P < T A
I, SUZ 5 e 2y BB RES SN R IR i SNZ 5 g
FOBHE A FLA 2544

(2)

SNEERE HERES

4.4

BT XUZ SR AL AR AR 2
Fig.7 Stimulation results of penetrating charge

with bi-layer liner

3 #Fig

1) BEHESE T XUZ 25 BV AYVE I ALEE, BRI 2
RIS IR, SMZ2 25 B A

2) Bt 1R BB A5 R I A A A R T
il TANE N EREARE A JNJE ST B B XUZ
YT WUZ 2GR S8 S 4 5 R, 2 T R
G ORHEE 73 5]

3) XUZ 5 e 24 1 B L 5 5 B 6 5 RE A SL
SR EE , XUZ 55 BE S AL A S FL R B L B0 T 5 fiE
SFLIRAYZE IR ) 73. 8% , REME LR i IE T
fLIYIIRE

2 % X #f

[1] GROVE B,WALTON I. Shaped charge jet velocity and
density profiles [ C]//23rd International Symposium on
Ballistics. Tarragona, Spain,2007:103-110.

[2] HELD M. Liners for shaped charges[ J]. Journal of Bat-
tlefield Technology, 2001(4) . 1-3.

[3] PFEFFER G. Determination par simulations numtriques
de L’etat et des loisde fragmentation des jets de charges
Creusses [ C]//5th International Symposium on Ballis-
tics. Toulouse, France, 1980.

[4] HANEY J, WESSON D. Shaped charge: US 704422582
[P]. 2006-05-16.

[5] GEO Dynamics. Connex reactive perforating clean tunnels
fractured tips [ EB/OL ]. [ 2016-12-16 ]. http://www.
perf. com/ connex-reactive-perforating. html.

[6] TAMER E. The factors affecting the performance of
explosive reactive Armours[ D]. Cairo, Egypt: Master of
Science Thesis, Military Technical College, 2004.

[7] LEE W H. Oil well perforator design using 2D Eulerian
code[ J ]. International Journal of Impact Engineering,
2002,27(5) :535-559.

[8] CURTISJ P, SMITH F T, WHITE A. The formation and
stretching of bi-material shaped charge jets[J]. American
Institute of Physics Conference Proceedings, 2011, 1426
(10) :116-119.

(T#% 38 1)



- 38 o A& M 5 46 155 2 ]
FLACIE R D 6 A A7 LA o BILT]. B0, 2011 (4) :35-36.
WEI J C, KAI J J. Discussion on the techniques of long-
bEIA distance delivery and storage of emulsion matrix[ J]. Coal
3 gl Mine Blasting,2011(4) :35-36.
[5] EHEF PRBL T [ RO AR 5 IR 55 — 4k

R TR A — E TS, HUR KRR fE

e, B AR KETERE , BB R 24 20 - i3 24
PR AR BEE (> 700 km) iz 5, AR A E
b, B REEA B 520, FF7E 30 d MfEAE I Y, 1
RETEUA /I, T LA AL K 0 3 i B 3 0 2 4 B
T2, RO TR — AR R rh A S b il 24 o
FRBCTE I 26 25 ZE BRI ML AL 2 OV IR LA L T Y
BOR BRI S5 4 T T

(1]

(2]

(3]

(4]

2 % X #

TG FUACKEZS [ M. 2 B JEat . i ol REE:,
2008.

WANG X G. Emulsion explosive[ M]. 2nd ed. Beijing:
Metallurgy Industry Press,2008.

HREE A ANBE B LKk B e R L 36 T AT MBI Y
[M]// B4, RSB A BIS 5 S8 Jbat. i e
Tolk Rt ,2012:169-172.

QI M F, CHENG F, LIU X M. Research on related tech-
niques of long-distance deliverying system of emulsion
matrix[ M]//LU C X. Theory and Practice of Industrial
Explosive Materials.
2012:169-172.
ZERI%. FUR I FERCIE R GEAH R EARMITE[T]. S,
2010,27(2.) :88-91.

Beijing: Weapons Industry Press,

LI H B. Research on related techniques of long-distance
deliverying system of emulsion matrix [ J]. Blasting,
2010,27(2:) :8891.

FHRWD, TR AR FLIBEHE J5 12 75 T 5 B A 47 B B R

(6]

[7]

(8]

(9]

(10]

ST S R B R SR T S AR [T ] R AR
2015(3) :1-7.
WANG Y P, CHEN R. Countermeasures research and
practical discussion on promoting industrial explosive
materials’ production combined with blasting services[ J].
Coal Mine Blasting,2015(3) . 1-7.
HAGAR. JKAR pH (B — 525 1 FLAG KR 25 1l A S 2
RS2 [ )], SBAE 2541 ,2006,35(1) :8-10.
DAL Y L. Effect of the pH value of water phase on the
detonation rate and brisance of rock emulsion explosive
[J]. Explosive Materials,2006,35(1) ;8-10.
WRAR R S LA KE 2SR E MR IR 31T [0 ). J et
#1,2011,40(2) :17-19.
CHEN Y L. Analysis on the factors affecting the stability
of emulsion explosive[ J]. Explosive Materials,2011,40
(2) :17-19.
WRRNAE. PRy § ws FLAC K25 iAe e v L) ] REIR S
FHE,2012(4) :135-136.
Lhop- GRUACUE  RE A5. LR J5T 2R B S R DR R Y
[J]. TREERE ,2015,21(3) :9-12.
MA P,TAN B L, YE H, et al. Studies on the influence
factors of emulsion matrix viscosity[ J]. Engineering blas-
ting, 2015,21(3) :9-12.
B AL, IR, A E RIS T FLE
YELGPERERORZMR [ ], BRI AR 41 2013 ,42(5) :35-37.
LIWY, RENLR, YUAN Z L, et al. Research on im-
pact factors of chemical foaming of emulsion explosive
[J]. Explosive Materials,2013,42(5) :35-37.

1000000000000 0000000000000 00000000 00000000000

(L#EF34 )

(9]

[10]

WA AR A EI M. 2 B AbaT R4 Tl R

11,2006 :201-202.
KR, EIDEng 2230 , 45, WUz 25 0 B A I 1 v 22
WAL [ T]. K HEZ41E,2008,31(3) :10-14.
ZHENG Y ,WANG X M,LI W B, et al. Theoretical mod-
eling and analysis on jet formation of double-layered con-
ical liner[ J]. Chinese Journal of Explosives & Propel-
lants ,2008 ,31(3) :10-14.

[11]

[12]

A1 /00, e D) VE B, 45, ANSYS/LS-DYNA 75 43 4
5 il U A B TR [ M) b st E A Tl
A, 2011 :20-30.

LIU Y B. SHEN Z W. Numerical simulation on forma-
tion and penetration target of powder metal shaped
charge jet[ C]//2010 International Conference on Com-
puter Application and System Modelling. IEEE, 2010
V9-518-V9-521.



