SRR 2GR B IS5 RATBUERA

N ER BRI

Numerical Simulation on the Performance of Shaped Charge with Explosively Welded Aluminum Copper Liner
LIU Zhiyue, ZHAI Junzhao

FIHASL:

XUARER, BRI R4 25 T S-S R B EASAU). R4 P74, 2019, 33(6):064107. DOL: 10.11858/gywlxh.20190728

LIU Zhiyue, ZHAI Junzhao. Numerical Simulation on the Performance of Shaped Charge with Explosively Welded Aluminum Copper
Liner[]J]. Chinese Journal of High Pressure Physics, 2019, 33(6):064107. DOI: 10.11858/gywlxb.20190728

TELR I View online: https:/doi.org/10.11858/gywlxb.20190728

T ] BERRER At SR

Articles you may be interested in

i 1 245 L B R e R R RE S IR RE S M A K7
Numerical Simulation of the Effect of Auxiliary Liner Material on the Performance of Linear Shaped Charge Jet
e R B2 4. 2018, 32(6): 065106  https:/doi.org/10.11858/gywlxh.20180542

BRE  24 R BT Al K ASHARE A Y AR
Performance of Titanium Alloy Shaped Charge Liner Penetrating Pure Copper Target and Carbon Steel Target
e 224 2017, 31(5): 535 https://doi.org/10.11858/gywlxb.2017.05.005

UG 2GS R AR R R SC IR ST
Penetration Performance of Depleted Uranium Alloys Liner

T R B4 2018, 32(3): 035102 https:/doi.org/10.11858/gywlxh.20170647
B SR LS SO EFPR R S A= RE RO )

Controlling Effect of Tantalum Liner's Structural Parameters on EFP Formation and Penetration Performance

B EAIHEEAR. 2018, 32(3): 035104 https://doi.org/10.11858/gywlxh.20170667

BT 4 2 BY SR Y SR BE AN TP 5 RS AT 5T
Experimental Research on Armor Penetration Aftereffect Produced by Depleted Uranium Alloys Liner Shaped Charge
e R4 2018, 32(6): 065104  https:/doi.org/10.11858/gywlxh.20180538

PP XU S IR RERE LA S5 LA BT
Optimum Design of Annular Double Done Shaped Charge Structure
= B4R, 2018, 32(6): 065105  https:/doi.org/10.11858/gywlxh.20180539


http://www.gywlxb.cn
http://www.gywlxb.cn
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190728
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180542
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.2017.05.005
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20170647
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20170667
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180538
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20180539

$33% e [=/ S SO 7/ B (= S e Vol. 33, No. 6
2019 4F 12 1 CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Dec. , 2019

DOI: 10.11858/gywlxb.20190728

mil AR SSRGS IRBER

MEK, BRI
(B TR AR ER 2 S HAREFESLEE, L 100081)

WE: N EERREIEE, REREHAREN AL REL R ITTEELCEHLER
HHRBNRES R EE ., L EBRBECHNEA NI REE L FHAERITR., FIA
LS-DYNA # 4 th MMALE % 4 i & 3%, st K B WS RB R G4 BREATRITHEEI,
ERFEAEFTWERLT, ITET Y EFGE B HEA 7 h 36°.38°,40°F 42° 0 89 4t 7 ¥ A&
Fmai, gREW SR LMPEEEAERGE BEA MR/ TR A; EL4%EA N 38H iR
FREA. MBS BRAGAZEN, FRLBEERET T 13.2%, BHRERET T 14.5%,

KEIE): R4t v; B4 448 5 A %A 2, LS-DYNA

& 5> 25:0385; E932.4 SCRKPRIRES: A

RAR I I (s KRG ORI RE £ J (R 2 U EE) SRR IS, Hh R 7 ) TR s 24 L BE TR ) 4 )
S LA SRR A 2 A 5 A . R EE R A b AR S R ke R AR R R SR, A B D)y T T )
FHF A RAR AT R P A EEFTALH S FLRE, Bk, Qnfar $2 =5 28 66 5 I (0 42 400 1k e i o — A~
BRI IR

SR BB SR UL 2B T2 B Pl A 2 R 24 A R b i, s O 24 2R 2 A P R e AN T O T — RO
BRI R, T ek g 24 R B ) A T A B SRR M fE B A # . Dil"Din Z5 1 88 FHHLBREE IR R4 A2 A
AT SR AR BT R S 58, H 42 4 B A R I 25 SR B U 4l 4 K 60%., Larocca 45170 1) 5206 4% SR 5
B, L5330 ML AL 1) B L, BB B T2 B ) MU 2 7R A B % S R T R IR o R
SR 8 A 52 A0 ) 247 78 5 ) s S LB, S R R S S S AR A 2 R BB AR T 10%, (RS IR AR Y
PEREM 22 AN K. M550 ik AUTODYN S04 W02 40 4 24 700 5 3R e S o 2 B b A7 T 0 L o, i
BRI B JEE R LA 1 R AR R S, KRR ST AR IR AR R T Al 2 R SR 5 T 23.8%, Fr A AN
i LS-DYNA X KA 1 28 0l 50 26 245 A5 [R] 4 g U2 24 RY B8 56 3 A9 8 B A7 05 BT 03E, J LR 26 2 45
FIAAE GO, DU B AN Z AT RER AR B2 0 BB R Sl B8 48 3 T 16.6%. SR, H il i B (E A 4]
HEAT X2 2 Y B8 U VT, K B 53 24 70 B A Sl XU 2 U B i, 2 7R S AT T s il R AR A Y R T T

R, A 5 AE — Bl AL Gt 4l 4 24 78 55 IR R G I ke I T e a L, B T R R AR B G A A A
R RUEE AR, KR RS R 0, X2 B A TR BT, it LS-DYNA 245t ALE(MMALE) 5751,
X ARV R L oA 1 L2 780 B8 L AN R A O, EAT SR L 1R ) R A B AL

1 HEHRERBEMGZE
1.1 tE&ED

B 1 S TEGE S s H Rl 454 524K . Octol(HMX Fll TNT YEZ5 1 i He o 78 & 22) YEZ5
LEHR 2y B 3 IR AR, BAR L S 50n 22 1 pros ™, & 2 4040 A 1 24 150 55 5% BE 5 I 2 AR

* UG FS B HA: 2019-02-26; &[5 H #8:2019-03-15
ESWE: L8 T R¥ABIE SR = AR B K E S 08 % i 15 H (YBKTI12-06)
fEE® N BRI (1994—), B, L0554, £ 2 N FIR M % 23T . E-mail: toshiakichia@gmail.com
BEEE: XERER(1965—), J, W1, B, FEMNF hd 51 Z 2 P35, E-mail: zyliu@bit.cdu.cn

064107-1


mailto:toshiakichia@gmail.com
mailto:zyliu@bit.edu.cn

33 % = JE Ll P 2 Eitd %6

A 2GRS 25K 3 o W2, SR RE 2 — MR AR 2, 53—k )2, T DR TS X AR e o 40 4 JE
JEEE A 1, BRZG R A RUZ AN, Hb LS80 5 ade s —8, SaBERREEMt, 246
2y A0 T AR BN, R S 2 T A R R R, DR o /N A DT S O T B 22 1)
BB R, A 2 TR B A A U OB SE S 360, 38°, 40°, 4204k 4 FE ML, L E A E 54
i 424 ffy 214 24 0 8 1 SR T RE 22 5

Case Case
|— High explosive i —— High explosive
— Liner Liner
@®
\ 2,
s/ \ ! ; Cu
K1 MRS E B2 BV G2 R B IR R i
Fig. 1 Prototype shaped charge device Fig.2 Shaped charge with aluminum-copper welded liner
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Table 1 Geometrical parameters in shaped charge configuration

dlcm h/cm d/cm a/(°) b/ecm
0.21 15.24 8.38 42 5.86

Note: 6, h, d, @, b are liner thickness, height of charge, diameter, apex angle, and top diameter, respectively.
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Fig.3 Computational diagrams of shape charge and target arrangement
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Table 2 Detonation properties and JWL parameters of octol explosive"!

p/(g-em™) D/(km-s™) pe/GPa EJ/(J'm™) w
1.821 8.48 342 9.6 0.38
A/GPa B/GPa C/GPa R, R,
748.6 13.38 1.167 4.50 1.20

Note: w, 4, B, C, R, and R, are JWL EOS parameters; g,, D, p.; and E, are density, detonation velocity, CJ presure, and
explosive energy per volume, respectively.

%= 3 $BA4EAY Griineisen K HFEES H

Table 3 Parameters in Griineisen equation of state of aluminum and copper'®

Material /(g-em™) Cy/(km-s™) s r T.../K ¢/ kg K™
Aluminum 2.78 5.39 1.339 1.97 300 884
Copper 8.93 3.94 1.489 2.02 300 383

Note: S is constant; C,, 7, T,,,..» ¢, are sound velocity, Griineisen coefficient, room temperature, and specific heat capacity at

room> v

constant volume, respectively.

x4 (RANSEH KR Steinberg 53 FEAE RIS 3117

Table 4 Parameters in Steinberg strength model of aluminum and copper'”

Material 2/(g-em™) G,/GPa Y,/GPa Y n (=G /Gy)< 107K
Aluminum 2.78 27.6 0.29 125 0.10 0.62
Copper 8.93 47.7 0.12 36 0.45 0.38

Note: S and n are constants; G,, ¥, and are shear modulus, yield strength, and G/ shear modulus per time derivative,respectively.

x5 MBI MHERNEHLRE S K

Table 5 Target material parameters in elastic-plastic-kinematic strength model™

Material ~ p/(g-cm™) E/GPa u Y/GPa C. PJs’! Eutr
Steel 7.83 2.07 0.3 0.0111 6 500 4 0.7

Note: P,, C, and e are constants; £, u and Y are platic modulus, Poisson’s ratio and yield strength, respectively.
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Fig. 4 Jet configuration from conical shaped charge Fig. 5 Penetration into steet target by jet from
with single copper liner at 50 ps instant conical copper liner shaped charge
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Table 6 Comparison on computational and experimental results of jet and penetration by charge with single copper liner

Jet head velocity/(km-s™) Penetration depth/cm
Experiment This calculation Experiment This calculation
8.30 8.23 38.58-40.23 41.15
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Fig. 7 Penetration phases at shown time intervals by jets from 38° apex angle charge with aluminum-copper welded liner
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Fig. 8 Variation of jet penetration depth versus time by
charge devices with different liner apex angles
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Table 8 Jet velocity values at different locations along its elongation and total jet kinetic energy
from the charge with aluminum copper welded liner at 38° apex angle

Portion i Velocity/(kms™) v,/(km's™) rlem l/em E,JKJ EJKJ
1 2.0-3.0 25 0.54 0.45 11.50 45471
2 3.0-7.0 5.0 0.28 6.09 167.43 454.71
3 7.0-8.0 75 0.23 2.29 95.58 45471
4 8.0-9.6 8.8 0.17 5.74 180.19 45471

x99 BRAHBEHFRZTIREES T RETNEE
Table 9 Jet velocity values at different locations along jet elongation and
total jet kinetic energy from the charge with single copper liner

Portion i Velocity/(km-s™) v,/(km's™) rlem l/em E, /K] E /K]
1 2.0-3.0 2.5 0.58 1.21 35.68 414.13
2 3.0-7.0 5.0 0.28 8.83 242.76 414.13
3 7.0-8.0 7.5 0.21 3.40 118.30 414.13
4 7.0-8.3 7.7 0.11 1.75 17.38 414.13

Lagrange 1158 . MUk, EFXHEE A 456 M ICLE G PR RSB FREHRESEA T 118, LB R E 2257,
ARG E A E 11(a) FT7R o BOFHE Az 2h 330 3.5 my/s, $230T 2R 68 S It 24 764 B8l 43 8, A 30 v
TR X FRIICE B 42092 #1811 RIIEL 12 43000 R W R A2 5 A RHRESRE A T BB B . AATHER S R T LU
FRAR MR B AT 45 A BT, BERE S 4 B I A UH S, AR AR ) G2 B R, Q& 11(d) s i B R A5 6o

i

U1

(a) 0 ps (b) 3 us (c) 6 us (d) Enlargement of collision
area at 6 us

11 Jesh Ao R 2 A ARt T 5 e

Fig. 11 Computational results of the oblique collision by plates of aluminum copper without bonding

(@) O ps (b) 6 us (c) Enlargement of collision

area at 6 us
12 255 REFMEIRE S BURREE T B

Fig. 12 Computational results of the oblique collision by plates of aluminum copper with strong bonding
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Numerical Simulation on the Performance of Shaped Charge with
Explosively Welded Aluminum Copper Liner

LIU Zhiyue, ZHAI Junzhao

(School of Mechatronic Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: According to the character of jet formation in shaped charge device, a new type of charge

assembly, with metallic liner of aluminum-copper bond fabricated by explosively welding technique, has

been proposed in order to acquire the improvement on penetration capability from such charge. The device is

modified from the available conical shaped charge with single copper liner material and 42° conical apex

angle. Multi-material arbitrary Lagrangian-Eulerian (MMALE) method in LS-DYNA software package is

employed as the numerical simulation tool to fulfill the calculations for the whole processes involving jet

formation and ensuing penetration into target. Charges with apex angles varying from 36°, 38°, 40°, and 42°

respectively have been calculated for comparison. The results show that the head velocity of the jet increases

with the decreasing value of apex angle. Furthermore, 38° apex angle charge reaches maximum penetration

depth. Compared to shaped charge with single copper liner, such design of the charge presents 13.2%

improvement in jet head velocity and 14.5% rising in penetration depth.
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