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Fig. 1 Schematic diagram and simulation model of warhead
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Table 1 Material parameters of explosive'

Material pel(g-em™) D/(m-s™") Pe.,/GPa A/GPa B/GPa V,
JH-2 1.695 8425 29.66 854.5 20.5 1
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2 _ﬁ) _a 2]
pOCy[l—i-(l > u 2;1
3

p= : — @
[1 —(S, - 1);1—32#% —&(ﬂﬁ =
X RE A, W (2) 3 — 20 R AR Ry
P =poCu+ (vo + ap)E 3)

A CAME R ESRFEHE; S, S,. S, HRE yo N Griineisen H 4; p=p./po— 1, p HZ E R,
Po NZESHIIREE ; a Ay M— M ABUEIE, E M2 SRR L INGE . 2 S B S50n 2 20 fiR .

015101-2



%35 % JHIMETIG A5 A AR 7 2O S 1 R i PO 2 %1

®2 =EMRSHY

Table 2 Material parameters of air'!

Material pal(g-cm™) C/(m-s™) Yo S, S, S,
Air 1.205 x 1073 344 1.4 0 0 0

G B AR E B ARG 2GR | TR R SR, BT AR S S A A 45 4N B 15 T R
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Johnson-Cook A4 17 #2320 FK R Ky
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Table 3 Material parameters of metal'”!

Part Material p/(g-em™) G/GPa o/MPa b/MPa n c m

Liner Copper 8.96 47.7 90 292 0.31 0.025 1.09
Prefabricated fragment Tungsten alloy 17.60 136.0 1 506 177 0.12 0.016 1.00

Case 45 steel 7.83 77.0 792 510 0.26 0.014 1.03
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Fig.2 Schematic diagram of detonation mode
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Fig. 3  Effect of the initiation point position on explosively formed penetrator
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Fig. 4 Effect of the initiation point position on prefabricated fragment
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Fig. 5 Effect of the initiation point position on natural fragment
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Fig. 7 Effect of the detonation diameter on prefabricated fragment

- » - Detonation in circular array along axis of charge
- = - Detonation on the charge end surface

i R o
Bewiy v

900
800 Smimacn
fn St oA
) Y w Mgt
S, 700t Wi
.S s - - — -
L
4 - 3:-::‘: S T
— ieRcatnly
600 - Zo i kit Sl
500 L L
0 D,/4

D2 3D/4

D,
Diameter of the detonation
Al

8 SRk EARXT H OB Y

Fig. 8 Effect of the detonation diameter on natural fragment
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Fig. 9 Effect of the initiation point number on explosively formed penetrator
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Fig. 11 Effect of the initiation point number on natural fragment

PP 1T AT, 5 90T e R 0 R A AL, I A e i 8, il 1) 5% 70 X AR e 3k G 3 KR
et /N o AF S SRR S TR IR SR B AN K, SR 710 s ZEAT, R PR BIAE 10 m/s LA
o Se MR A 7 T, Bl R B I I, Se ARy i R, ELR R S se B, A A TR R
Pt . SRRT, i I b AR IR i SR 4 P A WIS, Tl 2 94 ) AR il e gt i A ) T
i R

3 & #

A A B D7 AT T A AR S O AR NI AR s X R A I I SR RE R A AR
Fr AT BB 3 RS o0 Y B PR RE R SZ IR, A5 1R LLUR FEARE

(1) B b A s 57 5 1) 25 R B2 5 00T, SR B AR DR I AR L RN S P 5 32 34) 22 Wi/ 7, i T 8 R gt
IFIC o WA, HL Sk R 3 88 2 A i) 5 PR RS R IR B RS2 RV, P, TR IR AR O RCR I A AR, 5
Py A TEARTE B BFP AHIT o U R 329 78 P, Ak 4B i 38 ) 5 e A 3 52, L S 1T 8 R AR 1) T I 3
g O o X T Se A B AR R, HF 2 B LA P, A K B B K5 22 AR L B0 I e R AL T
IR R B K Py, TR IR RS R RN BE B e A 2, B B T 1 R R O BT R 1 2

(2) I 757 A % AR A 8K, S T A % R 24 1 31 A o 2R BB AR 0D PR A S i — B8, LR AR T L Sk i
B S 2 ol R 2 45 I 2 18K, o R A 2 A 8 T ik S0%; i 1T A B AT R T R BE R AR A B i, B Z 0] L
FERLIPC, PRI A A i R JBE 4 22 b T 5, (H e/ Nl B A S i A AR o X T oe (R iy B 48
T8, 25 24 v I A AR LA AT AE — I R (EL, RN R P 249 38 e 0, L Bt 5 AR A T PR3 K, RS Al A
ST 5 I Al £ 94 ) R AR AR B R R T B R PR i

(3) B AL % A RO B, SRBE AR MM AR L | S A 3 B2 R Sk J i B 22 [ Ao i 2 O, 3ok 8 4
SR AR B — 2 IR T TPC, (H A Rk 5 KO B3N, 38 3 K R 2 i 2 . T 1
i 0 T R AR A 5 R AR AR RS R AT, (HLEAT - 5 B, BEMAOR T, PRI 75 3Ol T 10l 7 14
i FHAT o X T FE M LAY AR A, Sy T A g a5 ) A8 T X B~ 49 3 1 R M AN R, SN T A B
A — 5 R, il A B SRR Y A R TR R R

Sk
(1 ERIGE, JE A, I8, 5. BT A B IR BT BORRBIFIE (1), KHEZG24R, 2016, 39(2): 75-79.

WANG L X, YUAN B H, SUN X Y, et al. Structural design and experimental research on the anti-armor and anti-personnel
multi-purpose warhead [J]. Chinese Journal of Explosives & Propellants, 2016, 39(2): 75-79.

015101-8



EURRE JHIMETIG A5 A AR 7 2O S 1 R i PO 2 %1

(2] ZEXeRE, BRRL4A, Herhae, 55 AR BB P R 2 B R 3% 0 A BB [7]. & e 2019, 27(6): 535-540.

LI X L, CHEN K Q, LU Z H, et al. Numerical simulation of the influence of charge-shell mass ratio on the damage power of
anti-armor and anti-personnel composite warhead [J]. Chinese Journal of Energetic Materials, 2019, 27(6): 535-540.

(3] BRMR, XIZE, SR80, 55 B AR E G HCHRUT BN 0], AT E, 2012, 29(12): 34-37.

ZHANG J, LIU R Z, GUO R, et al. Simulation study on anti-armor and anti-personnel composite warhead [J]. Computer
Simulation, 2012, 29(12): 34-37.

(4] ZEAOAK, 015, #09F, 55, EFP -0 S G HORDIE [0]. Bl 2=4, 2015, 27(1): 76-79.

GONG B L, WANG K H, CHU Z, et al. Research on forming technology of composite fragments field of EFP [J]. Journal of
Ballistics, 2015, 27(1): 76-79.

(5] HL, RIPE, 055, 45, A RSB AL S S ECE M AT (1], EBRHE K247, 2015, 37(3): 155-160.
CHANG J, WU G P, FAN Y, et al. Analysis for structural parameters of explosively formed projectile in multi-functional
warhead [J]. Journal of National University of Defense Technology, 2015, 37(3): 155-160.

(6] TEIEAE, 25 3CHE, TREZE. Bl A3 2 &5 B e iR U OS2 R (1], BRds b1, 2018, 47(6): 15-20, 26.

DONG X L, LI W B, SHEN X J. Influence of pre-fragment on divergence angle of warhead with combined damage elements
[J]. Explosive Materials, 2018, 47(6): 15-20, 26.

[7] JIL Q, LI X D. Study on forming and penetration performance of multi-functional warhead [C]//31st International Symposium
on Ballistics. Hyderabad, India: DEStech Publications, 2019, 2: 2318-2326.

(8] BRI, i, Bk &, 45 JeTF=\ EFP 3l A2 SR B R BB [J]. KORG24k, 2019, 42(3): 295-302.

WANG C, YANG L, RUAN L F, et al. Numerical simulation of compound fragment field forming of expanded EFP warhead
[J]. Chinese Journal of Explosives & Propellants, 2019, 42(3): 295-302.

(9] THER, 6L, 22300, 5. ST HKERRALHUIL (BFP) (4 ACHE fml W UE s AU (0], KKEZG2HR, 2019, 42(5): 490-496.
WANG Y J, LI W B, LI W B, et al. Formation characteristics of trumpet-shaped liner with large cone angle based on
explosively formed penetrator (EFP) [J]. Chinese Journal of Explosives & Propellants, 2019, 42(5): 490-496.

[10] WANG Y J, LI W B, LI W B, et al. Influence of structural characteristics on EFP formation under different liner materials
[C]//31st International Symposium on Ballistics. Hyderabad, India: DEStech Publications, 2019.

Effect of Initial Detonation Method on Damage Power of Composite Warhead
ZHOU Weixiao, WANG Yajun, YU Jiaxin, ZHU Xinyuan, LI Weibing
(ZNDY of Ministerial Key Laboratory, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: To improve the energy output efficiency of composite warhead, a HEAT-HE composite warhead
is presented, which can release explosively formed penetrator, prefabricated fragments and natural
fragments. With the numerical simulation software LS-DYNA, we analyzed how the initial detonation mode
(including location, diameter and number of detonation points) affects the damage elements formation and
energy output. Besides, a possible technical approach for the tunable damage-power warhead was also
discussed. The results shows that: (1) When the donation points are wider and further away from the linear,
the linear-formed damage element would get a higher tip velocity and a greater tip-tail velocity and length-
diameter ratios. The greatest gain of velocity can reach up to 50% so as to lead the transformation from
explosively formed projectile (EFP) to jetting projectile charge (JPC). (2) When the detonation points are
located on the central axis of the charge, the damage element forming keeps only related to the point closest

from the liner. (3) For the prefabricated fragment, the detonation velocity on the 60 mm charge height (P,) is
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the highest. Its maximum velocity can get increased with the increasing detonation points with wider
diameter, while its minimum velocity always keeps about 600 m/s with little variation. For the natural
fragment formed by the shell, there isn’t an obvious variation of the average velocity, but a reasonable
approach to detonate can make the fragments more homogeneous and benefit the adjustment of the fragments
mass distribution. Therefore, it is feasible to make a tunable damage-power warhead by controlling the
initiation detonation mode, but further research into the effects of the initiation mode on the fragment

velocity is needed as well.
Keywords: composite warhead; shaped charge; explosively formed projectile; fragment; initiation mode
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