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Fig. 1 Schematic diagram of the axial-expanding warhead

structure
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Table 1 Material model for numerical simulation
component explosive casing liner
material Comp. B steel 4340 CU-OFHC
equation of state JWL linear linear
strength model hydro Jotmson Cogk A=79E MPa B=510 MPa Joﬁmson COSk A:90_MPa B=292 MPa
n=0.26 m=1.03 C=0.014 n=0.31 m=1.09 C=0.025
failure model / principal strain /

erosion of standard geometric strain failure

geometric strain
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a. internal initiation b. different external initiation
detonating point

B3 il i T SR 1 S| R e

Fig. 3 The initiation position of axial-expanding directional

detonating point

warhead
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Fig.4 The relation between EFP shape and velocity at differ-

ent expansion angles
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Fig. 5 The variation of EFP length-diameter ratio and wing-

diameter ratio at different expansion angles
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Fig.6 The mass distribution of fragments at different expan-

sion angles
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Fig.7 The schematic diagram of fragment distribution area
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different expansion angles
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Table 2 The flying dispersion angle of fragment at different

expansion angles

expansion angle B a (a=B) Omax

/(°) /(°) /() /(%) /()

30 10 45 35 59.15
45 8 45 37 44.42
60 6 45 39 29.62
75 3 45 42 14.88
90 0 45 45 -0.04

Note: B is the fluing dispersion angles in radial direction. « is the initial radial
angle. (a=pB) is the deflection angle. 5, ., is the fluing dispersion an-

gles in axial direction.
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tion positions
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Table 3 The flying dispersion angle of fragment and the ve-

locity of EFP at different initiation positions

flying dispersion  flying dispersion

the velocity

initiation angles in angles in of EFP
position radial direction axial direction ; o
B/(o) Bmax/(o) vim s
od 10 59.16 1450.6
1/4d 10 59.29 1431.0
2/4d 10 59.15 1413.0
3/4d 9 59.14 1450.5
d 9 59.16 1454.8

Note: g is the flying dispersion angles in radial direction. §, is the flying dis-
persion angles in axial direction. v is the velocity of EFP.. d is the radial

thickness of the external charge.

5 #& it

()BT — Bl 1) J o =X AR =R 38, 45045 17 883
SR TT A X U e B A o A COBIGH B A Y
SR . Bl B 1 50 R T A 0 18 K, R 1) EFP O B
U /0N F B A 25 R K EFP K AR L3 i B &,
HARWILTPRER 4.2 £40 AR Ja s T
2y 8. 88%; it 7 Ml 1) QAR K 4 A B R i
2y 33.33% 4k, Mk i Bl 1) ORI AR A A I R I KT AR )
TR P AR Ak B s RS 0 R T R AE 300 ~
60° T £ 1UE EFP K AT 338 A9 £ e M .

(2) 313 J8 TF Al — s s, S A AR Ak X =)
IO 3 R I A3 A R AR S R A RO
A Y R A v T U ke 24 AN B A O
S K, T3k 67.57% , % T A i ROE A K R I
EFP 33 J3 52 i R K,

(3) 1520 7 b ey e 5 =X 8% S AE H bR 5 m) o B A
S KA RO F 53 A 5 B 1 S5 A S S R O A B S 60°
~75° A KIS 55T EFP By RATRAE PSR, %
B TF A1 B2 Ry 60° HLke 43 037 B 7E Ah J2 5 25 19 S5 /M
A S 3L 1) S AR S S 1) B T R U 45 R g A
Kk

2% 30

[1] Fong R. Warhead technology advancements [ C]//NDIA Arma-
ments for the Army Transformation Conference. New Jersey,
USA: Army Armament Research Development and Engineering
Center, 2000: 5-27.

[2] Talley ) C. Aimable warhead: U S Patent 5182418 P].1993-01-26.

Chinese Journal of Energetic Materials, Vol. 26, No.5, 2018 (383-389)

»
=
(S

[3] Bkgk, TR, BE. RIFRE 0] 5 31 #5145 4E 38 i ] o 55 05 vk
WEEE ()] db st #E T k#2442, 2011, 31(Suppl1) : 137-141.
GENG Di, MA Tian-bao, ZHAO Hui. Study on calculation
method for fuze delay time of a evolvable aimed warhead[J].
Journal of Beijing Institute of Technology, 2011, 31 ( Suppll):
137-141.

(4] ska&mg, Ja m . By 28 S 5 5145 5 03k 8 0 4 2003 A1 3 et
(M b st T Rt 1994,
ZHANG Zhi-hong, ZHOU Shen-sheng. Air-Defence Missile
Fuze with Warhead Efficiency and Warhead Design [ M ]. Bei-
jing: Astronautic Publishing House,1994.

(5T XVATF, MR, FAE. iAo sk 5 2 mas)].

RS, 2010(10) : 88-93.
LIU Yu-ping, FENG Cheng-liang, WANG Shao-hui. Present re-
search situation and development trend of direction fragment
warhead[ )]. Winged Missiles Journal,2010(10) . 88-93.
[6] Menz F L, Osburn M R. Selectively amiable warhead initiation
system: U.S. Patent 5050503 P].1991-04-01.
VR, 55, AR S 1] RS R TG M A AL iR 0 1 5
0], $_sh 5y, 2017, 36(3): 234-241.
LING Qi, HE Yong, HE Yuan. Numerical simulation and tests for

—
~N
[

fragments dispersion of an aimed warhead[ J]. Journal of Vibra-
tion and Shock, 2017, 36(3): 234-241.

[8] BFH, 2, R, BIFXE m & =k IT i 72 55 5 0k 5
[J]. BSR4, 2016, 30(2): 116-122.
ZHAO Yu-zhe, LI Jian, MA Tian-bao. Experiment on spread pro-

i

3

gress of the spreadable aimed warhead[)]. Chinese Journal of
High Pressure Physics, 2016, 30(2): 116-122.

AE, TR, BRFE. IR ) 55 5 R T o R 0 e 5
SHEBMI]. #E 5 S5, 2007, 27(1): 111-114.

MA Zheng, NING Jian-guo, MA Tian-bao. Dynamic analysis

—
O
[}

and numerical simulation for spread process of a evolvable aimed
warhead[ J]. Journal of Projectiles, Rockets, Missiles and Guid-
ance, 2007, 27(1): 111-114.
[10] Clayton W. Miller. Warhead having selectable axial effects:
U.S. Patent 8955443 P].2015-02-17.
[11] Fairlie G E, Marriott C O. Computer modeling of full size frag-
menting aim able warheads using AUTOYN-3D[ C]//17th Inter-
national Symposium on Ballistics, Midrand, South Africa,1998:
389-396.
WA, SR, TR DR A SRR B I R Y BB
W] B 5% SRk, 2009, 29(1): 114-117.
JIANG Jian-wei, ZHANG Mou, MEN Jian-bing. Numerical simu-

lation of the formation of natural fragments from a small caliber

[12

[

shell[J]. Journal of Projectiles, Rockets, Missiles and Guidance,
2009, 29(1): 114=117.

[13] X, WSO, tRike, % ZaRBRASHSHExRER
EFP EIAYSEMA [)]. 5 RERFRL, 2014, 22(5) : 594-599.
LIU Jian-qing, GU Wen-bin, XU Hao-ming, et al. Effects of
multi-point initiation charge configuration parameters on EFP
with fins formation [ J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao) ,2014,22(5) :594-599.

[14] #IEFE, HIBAR. ZmBni[M]. JEat B2zl igdt, 2014: 120
-121.
HUANG Zheng-xiang, ZU Xu-dong. Terminal Effects| M]. Bei-
jing: Science Press, 2014: 120-121.

Mo www. energetic-materials. org. cn



JEE T JEE e b A8 {57 8 00 i 1) Jo T K2 1l 23 78 4 R 194 2 IRl 389

Effect of Expanding Angle and Initiation Position on the Performance of Axial-expanding Directional
Warhead

HONG Xiao-wen, LI Wei-bing, LI Wen-bin, LI Rui, GUO Teng-fei
( Ministerial Key Laboratory of ZNDY, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To study the damage efficiency of axial-expanding directional warhead, AUTODYN software was systematically used to
analyze the influence of the expansion angle and the initiation position on the fragment performance of axial-expanding directional
warhead. The influence law of the axial expansion angle and the initiation position of warhead on the formation of fragment mass
distribution, flying dispersion velocity and flying dispersion angle was obtained. Results show that the velocity of the forward
explosively formed projectile (EFP) decreases with the increase of the axial expansion angle, while increasing the length-diameter
ratio of EFP, taking the wing-diameter ratio of about 4.2, increasing the axial expansion angle of the warhead can improve the per-
centage of effective fragment mass, and the maximum flying dispersion velocity of the fragment appears at about 33.33% from the
initiation end. The percentage of effective fragment of warhead at the outer side of the charge is up to 67.57%. Selecting the axial
expansion angle of the warhead as about 60°, and the initiation point located at the outer side of the charge, can realize the effec-
tive damage function of directional and convergent strike of axial-expanding directional warhead.

Key words: axial expansion angle; directional warhead; fragment mass distribution; flying dispersion velocity; flying dispersion
angles
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