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[ ABSTRACT]
composite, ANSYS/LS-DYNA 3D nonlinear finite simulation was used to study the broken fragment field of the combined

In order to effectively control the divergence angle created by the prefabricated fragments of a warhead

damage elements in view of the type, diameter, material and spacing of the pre-fragments. The determined structure was
tested and verified. The results show that spherical fragments can be used to obtain uniform distribution of fragments inside
and outside. The influence of fragment material, diameter and spacing on the divergence angle of combined warhead pre-
fragment was also studied, and the basic structure of combined warhead was obtained. Tungsten alloy was selected as the
spherical fragment with a diameter of 10 mm and a spacing of 1 mm between its inner and outer ring. The static detonation
test was carried out for the designed combined warhead, and the test results were basically consistent with the simulations.
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Fig. 1 Structure of the warhead
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Fig.3 Definition of divergence angle of tungsten ball

a= ﬁ (1)

K. H %25 SRR Z M EE 5 5 S, S BBl 1 1)
RIEAE

[FIHE, SRR 7 A& 1 B 38 ik A1 el e 2 1t
oS, RS, AU =400 ps,
2.1 RE{EIEFR

Bl 4 Sk FHERIE R 7 52 G 8330 OB i) R 1 4
(EBUZE R, B4 n A, 22 2 TS rp o i 42
J& BB SRR I I 25 R S )y iz gl 25 R e
HAERT , SN AEJ5 |, T 4R 1 S 8% 8 ) EFP Sk
5 [FIE SR 2 e S BRI I F M iz gy, B R

=200 pis

=300 pis

K4 H2EBOooH AR

Fig.4 Molding process of combined damage element
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Fig.5 Prefabricated fragment shapes
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Fig. 6  Arrangement of spherical fragments
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Fig.7 Preliminary distribution of fragments
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Fig.8 Relationship between diameter of tungsten

ball and divergence angle of tungsten fragment

Hi I 8 HT LA . N B ERTE i - 4 1 A B
R EA Mg, BV 8 R A2 H 6 mm 3
JNEN 13 mm , PR F a5 K& BUff il 1. 37085 m 5
2.97° MK T 116% ; NP A e /MR A R 1. 16°
WNE] 2.29° WK T 97.4% . AN Ak ELA E
BV ELAR B I D i, B8 R HAR R 6
mm B HNE] 13 mm, S R KR T 2. 69°3
JnE) 12.56°  84h01 T 367% ; SNEIRE Fr /N & A
2.46°H M) 10. 46° W4 hN T 325% .,

K9 M EAE R BB A, hE 9 mT L.
I AR BRI ELAR, T AR AR ON A AL A & WA
h .

&8 & 9 ¥y i, A Bk 1 42 % AN IR R B
18 50 R X6) PN R 7 & E80FF R

(b) d=10 mm
K9 AR AR R 553 1

Fig.9 Fragment distribution of tungsten balls
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Fig. 11 Fragment distribution for different materials

10 & 11 ATRVE . NI i 7 i K
e/ IN R HICF B % B85 1 184 T 980N BRI %%
JEH 6.6 g/cm® HEANF 21. 4 g/em®, N BB A K
K 4. 630 /NE] 2. 64° W/NT 75, 4% , N Bl
W /N R HAA 3. 440 J /N F 1. 220 /N T
64.5% , HMEEKIEIE A B K R/ IN R R BRI %
FE BB i n . BRIEBE R % H 6.6 g/cm® HEN
F21.4 g/cm’  FMNEERIEOE R e K &M RS, 873
INEN7. 700 HA0T 31. 2% ; ANBIERIE 0% A f /N KR
FAEHS. 07° 84 ME] 7.09° 34N T 39.8% . H Lk {j
BLEE T DI 0T DL S fd S [R) A ) 8 3ROE i



2018 4F 12 A

P b oo A2 43 BT ORI AU B R BT, 4R - 19 -

A RIS AN[E 3 A I Y
2.5 WHEEXNESEEBRIEN
BRIV 7 eI st b, YRl Ah B S Bk R
A Bl AR A R AR AT R AR 1) o P T
AF H T R LA 199 il 4 Sk E X R BIE T, BOW E F
BRADMHA KN, LID10 mm B35 SERIEHE A
MR G, WF 52 A ] B0 52 & 58405 T -
T & A S
P12 Bk ] X & 80 AR e s o il 4% 14
13 AN [RIE R (18 i 3 50 A

[ AEERE AR
T e RN AR
O+ 5h R ki A s
o I[ s EEREN R
& )
B 6
S
® 4
3
2
1
g 0 0.50 1.00 1.50 2.00 2.50
AEERE B /mm
P12 T )Xo R A A B2 )
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tungsten sphere spacing
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