K e AT Ui A2 10 A RSB S 2 2 ROy A 899

XEHE:1006-9941(2024)09-0899-12
RS REVNERENBEISHITHE
F-RLKEE R FR P E

(MR ETAFNRLAESR, LA Ex 210094)

HOE: AWTSE R ARSI A B R R AR S RS BRI, TR T /N AR SR R 2 2 AT UL B R AR A A N ) ) AT R A
B S5, B ANSYS/LS-DYNA A R ICHAF HEAT T 3R RE S L 2 1) A BR VS # A A1 1) o Rt (B S0L3 T3, e A7 T SR M s S s
S ) s VR R SR R S AL A T A 2 B R W LA R A Sk R AR o Sk IR v R SR AL R MG RE D S B vid, WSS R R
W A R BN, JE 3 R T v d R IR M e B R B AR N 20 mm 2945 R BTG 51 R T S BN 16% 5 T 3R RE AT R PR 45 S £
F9 & 1 3L BT P, B KE 85 PR 00 I 2803 1R B 0 28 v o 2 B S 08 DR Wi/ 9 e, R i BT v O 8 A SR AR 2 AR A s T
LA K 245 % TR U PRI B L 200 ) 5 p B, 5 I ) 2 8 v ol e el R R L ek /N R B TEAR TR I 20T, vi dp it

WAFAE—DYE R VAR KA AT T p=1.6~1.8 g-cm™, HLBE 5 (07 15 b 4= 100 IF [ 94 DK i A7 %
KRR - SRAESTUR AT RS AL ; o i 518 5 #0U5 TR T 5 $0 R R )

HESZES: T)55;0385

XHEFRERG: A

DOI:10.11943/CJEM2024107

0 3l 8

Wt 3 ) A e [ 24 3 /o) S 0 i S AT B A R A 26
4 R 5 K i By 25 S BOR B RIE S 5 e TR A JE R
P T B (B e S 98 22 SR KR o sk ) Ak e
A, PN U R REASUE IR 5 B R 25, 1 B S 9 24
51 BE ST 4R Y TR B . D SR SR 2R S5 HARAY
i b RV ELAT | L S RE O 0 SR RE S R
By 2 S AR R e 32 Y B T, AR T e T A A
Oy 5 B JEE BE AR e KT 2 B el 1 kg TR AL S AL DY
e R RS B E T sl SR AE T .
I, BIF 5 5 BE S 3 0 A7 PR TS Al 1) 4R 1 Jim 22 Bk
XF B A e R AR A BT A B AR 2 X

AR, [ N A 2 3 B0 3R RE S At A= 0 | R e
LG EIT R T R TAE . 7R RAES I 5 A IR

i EHHI: 2024-04-22; f&E HHI: 2024-05-26

™ 2& H ki B #3: 2024-08-15

ELTA: BHEAKR%:HE4(12141202,12002170)

fEE® Y 7 (1997-) , B 1+ 0F 5 A, m RS AR .
e-mail: funezhou@163.com

BEBRAN: KAEHOI78-) B 4+, 8T, S HHEAR.

e-mail: lynx@njust.edu.cn

SIS Jr — ) ke AR IR 4F . SRR IR UL AR AT RS B S RS By R D).

JEE AR A EAE 5 1, Brown &5 de R E R, Y Bk
SRt T A PR R B AR I B A 2 LR S I Sk B A 4 ok
ST SRR E BN . Svirsky SRS T R AE
SR AR YDA IR VRS K ) o B AR ) R, 45 10 S A R A AR
HR AR AY) e 00 450 2R 1 2 28 B MO TR | R A8 A v A 1Y) S
WK B R B Bk . Chen 280 ZE 1 98 R B 54 i
o B KRR 5 KE 2 I RO T S A X A R R R AR 1 =
BIALAR , JF i ik b BR SR g TR A0 AR v R R ) 9
B, A5 TR AR RS A S AR B
U TE TR AR TE o 7 — FHEEU BRI T 5 R TE IR
WA TSR IOR e 28 I o I K (9 B/ IREN  /T R T IR N
XIAZ A ALY K 5 30 S B0 s i, {8 9 R 25 i I A%
Yy X WIAE B 52 e o 7 3R e S O b i 1B KR 2
T, Held %5758 3 N [A] 1142 5 BE 2% 24 19 o o 5| 3 5K
G4 T3 A R S S R 2 IR v d, e v R iR
SRR T o S Sk BB B, v d HE D 2 EL
Bff 1 A, Bz T TR S B b o0 S S | AR e

M RAE . Sk CE S TR T B A8 5 U 5 40 K g AR
LG HEA 7e KE 25 B BUA BN 58 115 T AR R A
PR JEE A Al 1) S5 2% 48 R D0 O A Y S5 18 A ST T 4
oo B 25 M VA B N MERG . Chick'*"  Mader "
J Arnold 8817 HE F 5 3 5 R KE 25 F 0 vid, o i

& HEM L, 2024,32(9):899-910.

FANG Yi-zhou, ZHANG Xian-feng, XIONG Wei, et al. Characteristics of After-effect Parameters of Shaped Charge Jet Penetrating Finite Thickness Steel Target([J].

Chinese Journal of Energetic Materials (Hanneng Cailiao),2024,32(9):899-910.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2024 % F 324 # 94 (899-910)



900

O S ke AR EE L X A

T A RIS AR 29 A O R S AR SRR X
I S5 | 9 B (A R AT T A 5 R e

ZE LR  E NS EE TR T KRENH A
PR JEE S K L A% R O T O F O T4, B h T O
it AR ) A PR SRR A 0 BE ) B O KSR S B Tk
B T R S B R T AR W (K 245 SR80 ) )
FIAZ G LS B AL . ST, ik — 2y
BT R0 RR R B M e B M S SO0 ) A DR R N SR e A AR
WGSBS AEE R T 50 mm A8 25 (1) 5
Tt Y K A YD A PR JEE B Al (2% S O ) S . A
FHANSYS/LS-DYNA A FRIT# A4 FF g 1A R T80T /Y
R Be I A ) A BRE AR BT, R AT T
B R KE SR S 808 P B T R RE AT IR R ) S Ak =
Y RZ M

1 REHRENARELRIE

11 XBEESHH

Sk WF 9 3R 18 S I 6T A B R AR 1) AR A8 B R AP
FH R T JA8 G U AR 100 A PR JEE R0 bR A IS AN Y
S, I A K e X B TR U A B R A R = A A
B, RARAG NGBS R, LRPIERH
3D,, D, J B BE % 25 1142 (50 mm) o #E AR R ~F h
@150%40 mm, ¥R A1 ELR 30CrMnSiNI2A 15 8 B 47
25 K Ab B JE 9 G AT B HRC o 45, JE IRk B 24 K
1500 MPa, 58I B G Ta /R o S2 360 AR 4 40 ) 2
7518 RN BT AR T80, R 3k BOR RE SR R WS
RS H, W E A PR FE AR S 5 O A EE 255 100 mm,
5 A5 R R T AR, FORE R B R 7R R
FHKE 25 TNT AT, 28007 WOCHk[19-20]. U5 &40,
YIRS R @40%100 mm . SEE0 3 & E HLUNEL 1 s .

Sz I B P A MR A X SR AT TR 5 1) &L 90°
BCE, 500 S EAE A 5 BT EAE BCINE 1b it ),
G TR FE AT B 20 % FE R R B L AR AN TR
I 200 14 P45 o ko s 0 0 S 9 2 L ) B A o RO
AR, NS5 D R S B AT T
FESC 2 8 SR S EO TR E A .

X, 5 X, 00 Bk X G 2k ol 11 5 s vt K& X6

R ORBERAG MG E SRR

Table 1 Parameters of shaped charge and liner

part diameter / mm material mass /g height/ mm
charge 50.0 JH-2 80 59

liner 48.8 copper 26 471
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Table 2

ness target

Experimental results of jet penetrating finite thick-

d / mm
experiment condition  d /mm d /mm v, /m:s —————
B
without medium 24.02 22.96 6778.5 2.41 2.4
with medium 23.86 21.27 4693.2 2.18 2.02

Note: d. is the entry hole size. d_ is the out hole size. v, is the residual jet tip

velocity. d is the residual jet tip diameter.

KON 1) R AR IS, G L S 5 IS ARLAE TREIR 1) 1 8
5 S AL B0 TS AELAS DU 5 1 214 42 10 B — A7 IR JEL L Al
FCAR R M, HAEAS B LR .

2 REHNRENEREREISHHEZEU

2.1 HEMES
BT S ) SRR A5 R, ST T R RE A R A (R

“charge—
T liner

air

target .

after-target
object

5 RAEHZY AU HA FROTRE A

Fig.5 Finite element model of shaped charge and target
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Table 3 Material parameters of OFHC and 30CrMnSiNi2 A2

1A B TS HE Al 1 — ZE G R OC AR &l 5 R . 24
B R R JE T AR AR TE AT N, LR I A% R 5 4
Uy i Al A KA T N 20 ) B, K 2 A AR I 2 R R Y
SR JFHV IR 00 4 08 A7 48 38 5 A IR TS A o SR A S o o o
TARBL R VEYEARTEAT A MOR TS B B A% T T
5, P I s B 3 S I R S OB R B A
24 7 8 TR By AT A K25 A K /R 0.3 mm, J
AR H AR R, RS RN 1.2 mm, A BRJE
AR B 5 200 40 1 DA Kl 43R P Jin % 0.5 mm, I
H AR B B R KA RS R 1.5 mm,
2.2 MBS
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F3HFRA P RAERE Sy JH-2 KEZ , 245 0 51 pF A}
g JC AR L S AR 30CTMnSiNI2A L BRSSO T AT
B . 25 70 555 B Al A B R HT JOHNSON-COOK 4

finite element meshing

material p/g-cm™ G/ GPa A/ MPa B/ MPa n C m
OFHC 8.96 46 90 292 0.310 0.025 1.09
30CrMnSiNi2A 7.85 210 1269 810 0.479 0.040 1.03

Note: p is the density of the material. G is the shear modulus. A is the yield stress. B is the hardening constant. C is the strain rate constant. n is the hardening expo-

nent. m is the thermal softening exponent.

F4 JH-2ERE T RS H

Table 4 Equation of state parameters of JH-2 explosive!”

material p/gcm™ P, /GPa D/m-s"!

A/ MPa

B/ MPa R, R, ® Ey /) m™

JH-2 1.695 29.5 8425 854.5

20.493 4.6 1.35 0.25 8.5

Note: p is the density of the explosive. D is the detonation velocity. P is the detonation wave C-J pressure. E, is the specific internal energy per unit mass of the ex-

plosive. w is the fractional part of the normal Tait equation adiabatic exponent. A and B are the pressure coefficients. R, and R, are the principal and second-

ary eigenvalues, respectively.

Chinese Journal of Energetic Materials, Vol.32, No.9, 2024 (899-910)

Sttt

www.energetic-materials.org.cn



S B B U 15 00 AT RS A H JE 2CS RO A

903

PR Kz GRUNEISEN R 25 7 78 of i ik JH: 20y 25w )i 47
SR K 2 AR A RS RORR 2S5 B S HIGH_EXPLO -
SIVE_BURN F1 JWL"* , & T # g 2% H SHOCK R 25 I
PR AT A
2.3 REFHERWIE

R UE AW W AR SR A
ROME AR S N LR = AN O 1 Ay LR R AT 5
E o o RAE I U 14 3k 8 3 B K B M AR AR R
BB A S8 o RBe S T B A5 R 280,
A5 955 T % S A Sk 3 B R Sk AR L S O R
T KT AT BT B AR 1 4R 180 IR S 5, AL SR AR AR LA
LR LR
231 RESRAESH

SR BB I UL 1 Y R (R A0 45 R 5 S 45 SR X L 4
6 Jis o BUE AL B 1) 58 3 Sk 350 2 B 5 e 350 ok
S 7660 m-sT 5 2076 mesT, 5 S 45 HLR 25 )
BR21% 5 43%; Rie X R IE G 19.76 ps 5§
22.68 s I Zi| |, H(E A A 3 A 3 BB S I K BE RSk
HARSLEEERERKIRENBIT 10%,

a. 19.76 ps b.
Bl6 G
Fig.6 Comparison of jet formation
2.3.2 RegHRENERSH
TR RE S L 1R 1A PR RS O AR R DL 45 2R 15 bk v X
e FAG X LA BN BT 7 B 7 o e AR (R 220, 3R BE 5 i
R AIIAT PR S S AR I, 47 075 3 A 0 80 A% 5 0L Sk 790
FE 6106.7 m-s™, G REERARIE N 7.3% , 15 R At
BRI T 41.59 ws 5 47.4 s B 20, B BT
B B0 ) A% 5 O Sk T BLAR 23000 2.59 mm 5 2.31 mm,
S A R0 7.4% . 5.9% ., KA R B
AR R R T BOE AR AT 2 A BRI S AR
BT TR0 A 5 i Sk R E O 5027.6 mesT!, 5 SR 45

22.68 ps

CHINESE JOURNAL OF ENERGETIC MATERIALS

target without medium behind

®

b. target with medium behind

B 7 SR R
Fig.7 Comparison of jet penetration process
WEN 7%, MG K 41.65 ns 5 45.97 wsif %),
BB AT A 2 10 T 4 G O Sk B AR 4 5 R 2.28 mm
5216 mm, 55845 R R 250518 6.5% .6.9%.
2.3.3 EIRMIRSH

OB R AU A5 80 (3 S0 AR BB TR P 40 5 5 30 45 SR X LL 1%
AN 8 A 5 s . Hh A 8 R, BUE A4S 3] )

front face back face

a. target with medium behind

back face

front face
b. target without medium behind

8 LR R LD K5 S X L

Fig.8 Comparison between target plate damage morphology

simulation and experiment

N XK 2024 % F 324 # 94 (899-910)



904 O S ke AR EE L X A

R5 R AL S E B ST H

Table 5 Comparison between simulation and experiment of target plate hole parameters
d./ mm d,/mm

conditions e /% el %
experiment simulation experiment simulation

with medium 23.86 25.13 5.3 21.27 22.16 4.2

without medium 24.02 25.13 4.6 22.96 23.24 1.2

Note: d, is the entry hole size. d is the out hole size. & is the error between numerical simulation and experiment.
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Characteristics of After-effect Parameters of Shaped Charge Jet Penetrating Finite Thickness Steel Target

FANG Yi-zhou, ZHANG Xian-feng, XIONG Wei, LIU Chuang, TAN Meng-ting
(School of Mechanical Engineering , Nanjing University of Science and Technology ,» Nanjing 210094, China)

Abstract: To study the characteristics of after-effect parameters of shaped charge jet penetrating finite thickness steel target, the
experiments on small shaped charge jet formation and penetration on finite thickness plate with after-effect target were carried
out. The numerical simulation on the process of shaped charge jet penetrating finite thickness target plate was carried out by AN -
SYS/LS-DYNA finite software. The influence of target plate thickness, standoff and after-effect material density on the after-effect
parameters of shaped charge jet penetration was analyzed, including the residual jet tip diameter d, tip velocity v and after-effect
initiation ability v*d. The results show that with the increase of target thickness, the after-effect initiation ability v*d shows a lin-
ear attenuation trend, and around 16% of the initial initiation parameter is lost for every 20 mm increase in thickness. In the
range of standoff that the jet keeps continuous, with the increase of standoff, the after-effect initiation ability v*d first increases
and then decreases, and its stagnation point appears at the standoff of 8 times the shaped charge diameter. In the range of com-
mon explosive density, with the increase of after-effect material density p, the attenuation rate of after-effect initiation ability v’d
first decreases and then increases. At the same time, there is a stagnation point in the v’d-p curve. The peak value of v*d is dis-

tributed between p=1.6-1.8 g-cm™

, and the stagnation point position moves to the right with the increase of penetration time.
Key words: shaped charge jet;finite thickness target;shock initiation; after-effect initiation ability ; after-target object
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