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Abstract: In response to the increasingly widespread application of reactive armor for armored vehicle pro-
tection, a small-caliber non-metallic liner shaped charge warhead was designed for detonating reactive
armor. On the premise that the nylon jet can detonate simulated reactive armor, through numerical simula-
tion methods, epoxy resin was determined as the liner material by comparing the shaping of the jet forma-
tion of five different non-metallic material liners. Orthogonal design and range analysis were conducted on

the stand-off, liner thickness, liner cone angle and liner inner radius, using the Held detonation criterion,
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revealing the extent of the influence of non-metallic liner shaped charges on the detonation capability of

shell-loaded explosives, as well as the optimized structural parameters of the liner. Based on the opti-

mized non-metallic liner shaped charge, simulations were performed on the process of detonating reactive

armor using non-metallic jets under various stand-off. The results show that the non-metallic material

liner shaped charge warhead can form a well-shaped non-metallic jet with a high tip velocity, while also

possessing the ability to detonate reactive armor under various stand-off. This provides relevant technical

references for the design of non-metallic liner shaped charge warheads.

Key words: shaped charge; non-metallic material; reactive armor; orthogonal design; explosive reactive

armor
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Tab.3 Parameters of liner material

ZEe) EOS p/(gem™)  C, s, T
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(Pﬁj\ﬁi&y) Shock 1178  0.226 1.698 0.55
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Fig.5 Jet forming of different liner materials
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Tab.5 Orthogonal optimization scheme design

& KEE/CD BEE/mm HEFA /() PIRIEAS/mm v*d/(mPs ™)
1 1 2.0 32 1.0 2.208 4X10°
2 1 3.2 44 1.5 2.769 4X10°
3 1 4.4 56 2.0 3.042 2X10°
4 1 5.6 68 2.5 3.136 3X10°
5 2 2.0 44 2.0 3.364 7X10°
6 2 3.2 32 2.5 3.632 1X10°
7 2 4.4 68 1.0 1.368 5X 10°
8 2 5.6 56 1.5 3.0380X10°
9 3 2.0 56 2.5 3.207 7X10°
10 3 3.2 68 2.0 2.782 2X10°
11 3 4.4 32 1.5 3.788 2X10°
12 3 5.6 44 1.0 3.224 4X10°
13 4 2.0 68 1.5 2.766 9X10°
14 4 3.2 56 1.0 2.905 6 10°
15 4 4.4 44 2.5 3.471 5% 10°
16 4 5.6 32 2.0 3.967 3 10°
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Tab.6 Range analysis

K% JER/CD BEE/mm o HEA/C) AIEIREAR/mm
K, 278.91 288.69 339.90 242.67
K, 285.08 302.23 320.75 309.06
K, 325.06 291.76 304.84 328.91
K, 327.78 334.15 251.35 336.19
R; 48.87 45.46 88.55 93.52

S
K
A/CD B/mm /() D/mm
1 2 2.0 32 1.0
2 3 3.2 44 1.5
3 4 4.4 56 2.0
4 5 5.6 68 2.5

3.5x10°

WNTEL 7 FE7, 4% DR EROeE S AR RE g B 5 i T
TR ZEAE RN LA W, ol I w5 2 45 ] 3R A
TR

3.3x10°}
% 31x10f ./_\/
;EJ 2.9%x10°F
T 2.7x10°}

2.5x10°F

2303y 20324456 32 44 56 68 10152025
JETE/CD BEJE /mm HEFAI(°) A A /mm
K7 st

Fig.7 Range analysis

&L 7 AT L Y, 2% DR 3 kL AR fiE 7 1) 52 T
H e B R PN TR A — e A — M — BEJRE

ARAEAR 25 70 e 25 2R ] LA 2 A 4 Jes 2 1L B IR AR
) I RS S BN RERE 5. 6 mm , HEAA 327, NI



138 b R A s CASRBREROD

2025 457 2 )

A2 2.5 mm, VAIGAE A 25 R (85 S5, XA
R i 5 3 oy 28 FE A 3 R T R B AR AL

2.5 EERAGBERYURNERER

MR AT 1 B R SS A S8k, R BB
T AN TR 2 R vk B v ke HE )
T 2 R i 2 PRl e 8 i, H R B oz 2 Y
WIJZ 2/4/2 8585 (2 mm Bt , 4 mmKEZY, 2 mm Bt
)i e 254 i, I HAMUAE 2 mm JE 1) 4340 HX
YENBRMZ , 452540 2 A AHEE 4 mm.

1cD -Qg

ALPHA[COMPBJJ1]
20D -Q—# 1.00
3CD *__.# 9.00
8.00

4CD *——*
7.00

5CD '*_““H 6.00

6CD .4.__% 5.00
- +___“ 4.00

3.00

8CD _4—_____%

2.00
9CD -4-————{“ 1.00
10CD +——“ 0.00

P8 ANIFIHE i T T 5 | S 10 2 P ) S 1oz 3 = ]
Fig.8 Nephogram of jet detonate ERA in different stand-off

FEAS[RIHE R T S0 o o o o 2 R s, Gl )22
e 20 1Y) BN B HE) R A 266 24 56 4 W O i A B AR E
FREE BB RIS, JE 4 JE A Rk 2 80 B0 A 5 I
AR E R RS DL N YT 28 B I g R R N e
X5 AT SRR TT 4 A A

UG EER, ESTEIR T 17.5 ps 5B
S5 1 ZAT TR LG AR, H AR 2 PR ) B
i 35.9 GPa, #H i B ¥E 25 19 I S S 48 K
5.63 GPa, W2k AT E B E M B, (=it
BPE2RWRAENANTE R &SMHER
28.8 GPa, i Im R E 7, & fF LR AR
10 mm; 7€ SA5EKERIT, 33 ps B2 12 7e 3 45N
BB B = A 3 30. 43 GPa, @it #irh e 2 2
e 2 R Syl R 27. 9 GPa, 4388 i I AL
WEIE ST, B 5 L2 R 8 mm; 7 10 5 KE =i,
B4 B ST T 54 pus RIEE 1 ZH e 2, W&

FiEe i E M 14. 95 GPa, RS A 2 )24 554
25 h B R 1R 29,9 GPa, #4883 I A 48 R
01, FEEAE KNSR 8 mm.,

AN K e Bt S 4 i S I AR 0 3 1 ) FL AR A AE
ZE0, 78 VRS KE e iR ) B FLAR 208 10 mm,
I 5 K 1 10 348 o S 4 S AR P FLAR S s/ N, 2455
YEE BT FLAR 0 9 mm, 3EKE S B FLIE A R
8 mm, 2 Ji Bl 5 K i 0 16 0 FL AR 1 A8 £k 2 T ek
IN, AR ELET. S mm Ad . LA ARk
2 B PR R 7R K R A S A R R
B, BRI Sk 30 AY ELARRORL, i R A A
PGB ALK, 2GSk B A TR E
P LM AR YD B4 FL AR Bt e v e A= AR A

3 5% it

AR SORE R FH AR 43 J8 AR SR 245 R BE /N A2
AR 255 8 S 2% B o R AT T BB AR L
JEIFRE T IEAR W 508, 45T .

D AH G R 25 BUEE R4 R ARl 24 B B
JRC P S O A R PR A, S R R, SR ELAR
R, o, PR iR 245 78 B8 TR B S I 45 0
HOEHRE T HEIE S @A R

2) W22 53 e W HE 4 i 24 70 58 2R e 24 Xty
ST RE T R ER v IR Ol - N IR
MR KRS BB

3) PLEEJE 5.6 mm., 4 M 327 A 2E A
2.5 mmAENIES B 2 R B S5 S8, ERTRIKE
T I S bt SR R, e 2 2 2 A S
P fefii e 25 56 4 N I iE A SRR E IR T B

S Lk

(1] . SO s 2 Y e 5 s B RAFSR (D). B
A P EUHTOR A, 2013.

(2 el R e W ZF AN WFE (D], F
5 PR TR, 2006.

(3 107ade, 208, St % . RO KRB 3 Y 3R 14
FE R LIS BB i Tk (). T2, 2020, 41
(12): 2369-2378.

MEN Jianbing, NIE Yuan, JIANG Jianwei, et al.
Matching design method of tandem efp for anti-

Acta Armamentarii,
2020, 41(12): 2369-2378. (in Chinese)

(4 ], fiRLLb, T ar, 45 . SOihe TN 4 Ja S i i
THAEHBEFELT]. sl R, 2024, 36(1): 63-69.
YAN Chen, YU Hongtao, LEI Ruoqi, et al. Study on

explosive reactive armor [J].



CEVEE 220 1)

A Ja S 5 | 4R B 02 Y RE T B BB (R NS 139

the interference of reactive armor to metal jet[J]. Journal
of Ballistics, 2024, 36(1): 63-69. (in Chinese)

[5 ]85, L, skAem, % SPRAHR MR 25454
BUEBHARIFE[T]. KT, 2023(4): 43-49.
LIANG Yu, LI Rujiang, ZHANG Huashen, et al.
Numerical simulation and experimental study on
oblique penetration of thin layer charge by jet[J]. Ini-
tiators & Pyrotechnics, 2023(4): 43-49. (in Chinese)

(6 ] AP, P, E4d, 55 . SR/ & dm AR

N T A [T]. db 5t 3 0 K % 22 4,
2022, 42(4): 383-389.
YU Qingbo, ZHONG Shiwei, WANG lJian, et al.
Research on the effect of jet action conditions on inter-
ference duration of heavy reaction armor[J]. Transac-
tions of Beijing Institute of Technology, 2022, 42(4):
383-389. (in Chinese)

(7 JaRpPet, phithml, M0, 55 . b i 5 ou 5 |k dE Al

HR 0 0 2 RS i BCE R AL [T ] b Bt B TR 4
2% i, 2021, 41(2): 151-157.
YU Qingbo, ZHONG Shiwei, XIAO Yanwen, et al.
Numerical simulation of influence if hit position on
detonating heavy explosive reaction armor[J]. Trans-
actions of Beijing Institute of Technology, 2021, 41
(2): 151-157. C(in Chinese)

[ 8] shikid. HRIREBA oo %R RN

AERFFE[D]. KIE. HdbkeE, 2020.

[9 )&, FRZE, g, 45 . B RAeE 4 E 4R
B R AR BB A ST [T ). S &6 T AR 2
2, 2021, 42(5): 134-138.

JI Qing, WANG Zhijun, YT Jianya, et al. Numerical

simulation study on performance and penetration of

e H AR R

nylon jet by annular shaped charge[J]. Journal of Ord-
nance Equipment Engineering, 2021, 42 (5) : 134-
138. (in Chinese)

[101YIJY, WANG ZJ, YINJ P, et al. Reaction charac-
teristics of polymer expansive jet impact on explosive
reactive armour [J]. e-Polymers, 2020, 20 (1) :
292-302.

(1] BRAS . 2T SPH 553589 PTFE-Cu Ko 1 I (2 ) Pk fiE
W7D, KIE: fdikeE, 2018.

(2] T, E8%, FHF, % (R nh il ot
P M E A BED B T]. SRS T

2, 2013, 36(4): 49-51.
DONG Fangdong, WANG Zhijun, YIN lJianping,
et al. Numerical simulation on initiating value of low-
density jet impacting explosive with shell [J]. Ord-
nance Material Science and Engineering, 2013, 36
(4): 49-51. (in Chinese)

(131 MAMese, B 7, ER7E, 5. BUZ 24 85X S e

I ZE AR SR AR FIIFGE [T]. S22, 2018, 39
(S1): 37-44.
ZHAO Pengduo, JIA Zijian, WANG Zhijun, et al.
Study of penetration-but-non-explosion and after-
effect of double-layer Liner against ERA [J]. Acta
Armamentarii, 2018, 39(S1): 37-44. (in Chinese)

(14] XV 8%, JHay, E8%E, 55 (% B P il ad 7
BIRUE T[] SR T2, 2014, 35(82): 96-99.
LIU Tongxin, YIN Jianping, WANG Zhijun, et al.
Numerical analysis of the formation process of low-
density jet[J]. Acta Armamentarii, 2014, 35(S2) :
96-99. (in Chinese)

[15] JOHNSON G R, COOK W H. Fracture characteris~
tics of three metals subjected to various strains, strain
rates, temperatures, and pressures [J]. Engineering
Fracture Mechanics, 1985, 21(1): 31-48.

[16] LEE E L, HORNING H C, KURY J W. Adiabatic
expansion of high explosive detonation products:
UCRI-50422 [R]. Livermore: Lawrenced Radiation
Laboratory, 1968.

(17] 5k, XL, PRy, 45 . S A % 2 i 0
RN NI S AR M EFE [T]. S de & TR 240,
2021, 42(7): 1-5.

ZHANG Xuepeng, LIU Yakun, YI Jianya, et al.
Study on formation and penetration of the wrapped
reactive projectile formed by double-layer shaped
charge [J]. Journal of Ordnance Equipment Engineer-
ing, 2021, 42(7): 1
[18] MCQUEEN R G, MARSH S P, TAYLOR J W,

et al. The equation of state of solids from shock wave

-5. (in Chinese)

measurements, high-velocity impact[M]. New York:
Academic Press, 1970.

[19] HELD M. Initiation criteria of high explosives at differ-
ent projectile or jet densities [J]. Propellants, Explo-
sives, Pyrotechnics, 1996, 21(5): 235-237.



