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Fig. 1 Shell design of axial focusing warhead
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Table 1 Shell parameters of 3 kinds of warheads
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Warhead Detonation o ) Fitting radius/
No. M/m Fragment distribution
mode mode mm
17 Focusing Symmetrical point 3.5 Focusing 711
27 Parallel Symmetrical point 3.5 Uniform distribution (130 mm in axis direction) 1076
37 Emanative ~ Symmetrical point 3.5 Uniform distribution (300 mm in axis direction) 1700
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Fig. 3 Finite element models of warheads
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Table 2 Parameter of different materials
Component Material Density/(g * ecm *) Material model Equation of state
Explosive RDX 1.75 High_Explosive_Burn JWL
Null Air 0.00129 Null Linear_Polynomial
Epoxy Epoxy 1.198 Null Griineisen
Sponge Sponge 0. 315 Null Griineisen
Casing 45 steel 7.85 Elastic_Plastic_Hydro_Spall Griineisen
End-plate LY12 2.73 Elastic_Plastic_Hydro_Spall Griineisen
Fragment screw 45 steel 7.89 Plastic_Kinematic
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Fig. 6 Distribution of fragments on the 3. 5 m-away

target with different platform heights
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Table 3 Fragments in specific target area

No. Area/cm Fragment number Percent/ % Gain

17 (—2.5,2.5 258 25.64 1. 44

27 (—6.5,6.5) 396 44. 40 1.23

37 (—15.0,15.0) 517 59.22 0.48
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Axial Dispersion Control of Focusing Fragment Warhead

ZHANG Shaoxing. LI Xiangyu,DING Liangliang,
ZHANG Zhenyu, LU Fangyun

(College of Science, National University of Defense Technology ,
Changsha 410073 ,China)

Abstract; To improve the axial lethality of focusing fragment warhead,we carried out a research on the
axial dispersing characteristics of prefabricated fragments. Based on the Shapiro formula theory, we
designed the shell and improved the charge structure of warhead,and simulated its explosion process
using the LS-DYNA software and ALE algorithm. Considering the axial distribution of fragments on
the target,we analyzed the relationship between the charge structure,the shell curvature and the dis-
persing characteristics of fragments. The results indicate that the scattering of the fragments can be
controlled effectively by deferring the curvature of the shell and using the “I”-shaped charge struc-
ture. Our work has been proved to benefit researches on the control and application of the fragments
scattering of warhead.

Keywords: axial focusing warhead;shell design;charge structure;fragments scattering
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Coupling Action Spans for Air-Blast Waves and Fragments by
Fragmentation Warheads Exploding in Air

CHEN Changhai, HOU Hailiang,ZHU Xi, HU Nianming, LI Dian

(Department of Naval Architecture Engineering s Naval University of
Engineering ,Wuhan 430033,China)

Abstract ; In the present work,to find out the mechanisms of the coupling effect for blast waves and fragments
by fragmentation warheads exploding in the air, we developed a theoretical model by analyzing the motion pat-
terns of the blast waves and fragments moving in the air in consideration of the influence of the shell on the
intensity of the shock wave. Meanwhile, we carried out an analysis of an actual case and examined the factors
that influence the coupling action spans. The results show that the warhead loading coefficients, detonation
velocities, shell thicknesses and energy allocations have a great influence on the coupling action spans,whereas
the influence of the explosion heats, masses and shapes of the fragments is relatively limited. The coupling
action spans decrease with the increase of the loading coefficients,explosion heats and detonation velocities of
the explosives,fragment masses and the energy ratio of the shock wave energy to the fragment kinetic energy.
However,as the shell thickness gets bigger and the fragment shapes become more abnormal, the coupling
action spans become larger.

Keywords: fragmentation warhead;air-blast wave;high-velocity fragment;coupling action span
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Experimentation and Fragment Flight Analysis of Low-Collateral-Damage

Warhead with Nonmetal Shell

YANG Shiquan,SUN Chuanjie, QIAN Lixin, WEI Jianfeng

(Institute of Systems Engineering ,CAEP ,Mianyang 621999 ,China)

Abstract: In this work we examined and characterized the original velocity and flight velocity attenua-

tion of the nonmetal fragments of a certain low-collateral-damage warhead in combination with its ex-

plosive power experiment. We obtained the fragments’ original velocity including the shell configura-

tion and material strength factors based on the conservation of energy,and derived the flight velocity

attenuation regularity from the analysis of its fragment flight movement in the air and the modification

of its resistance formula and the equivalent area of the spherical fragment. Our analytical result was

confirmed by the experimental result,thus providing an analytical method for evaluating the fragment

damage efficiency of this kind of warhead.

Keywords:low-collateral-damage warhead;nonmetal fragment;flight velocity;attenuation regularity
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Fig. 7 Results from experimental film
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Table 1 Velocity of fragments and shell under different conditions
Shell Fragments
Working condition
k v/(me s ') k v/(me s ')
Tungsten fragments situated outside aluminum shell 0.126 983 0.126 983
Tungsten fragments situated inside aluminum shell 0.143 1115 0.110 858
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Table 2 Parameters of metals'’’

Material /(g cm ) co/(km e+ s™") A
Tungsten alloy 17.5 3.832 1.497
Aluminum alloy 2.785 5.238 1. 338
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Table 3 State parameters of material interfaces

Interface No. u/(km s 1) p/GPa Interface No. u/(km s 1) p/GPa
@® 0.931 16. 82 @ 0.310 23. 30
@ 0. 385 29. 70 ® 0.502 8.26
©) 0.770 © 1. 004
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Influence of Impedance Matching between Prefabricated Fragments and
Light Shell on Initial Velocity and Completeness of Fragments

ZHOU Tao,SHEN Fei, WANG Hui
(Xi’an Modern Chemistry Research Institute ,Xi'an 710065,China)

Abstract: According to the characteristics of the detonation loading process in prefabricated fragment
warhead,we designed the sliding detonation unit test model, and obtained the initial velocity and the
damage of the prefabricated fragments and light shell under two typical arrangements by the X-ray
photographic method, and analyzed the influence of different impedance matching structures on the
accelerating character at the same time. The results show that the initial velocity of the prefabricated
fragments situated outside the shell (sequential impedance matching structure) with slight damage is
relatively high,whereas that of the prefabricated fragments situated inside the shell (reverse imped-
ance matching structure) with stratification cracks is relatively low.

Keywords: fragment warhead; prefabricated fragment;light shell;initial velocity; X-ray photographic
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Fig.1 Schematic structure of the warhead Fig. 2 Three-dimensional finite element model of the warhead (part)
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Table 1 Material parameters of shell and fragments

Material p/(kg* m *) E/GPa P A/MPa  B/MPa n m ¢/(mes ) S, Y
Alloy 2797 69.63 0. 33 265 426 0. 34 1 5280 1.4 2
Steel 7850 210 0.28 335

x2 HKUAMBSHREREHTESH

Table 2 Material and equation of state (EOS) parameters for explosive

o/(kg*m *) D/(m-s ') A/GPa B/GPa R, R, w pe;/GPa Vo
1780 8390 581.4 6.8 4.1 1 0. 35 34 1

K3 FEHMHBERRESHFESH

Table 3 Material and equation of state (EOS) parameters for air

o/(kg+m™*) C,/MPa C, C, C; C, Cs Cs \%4 e,/ MPa
1.25 —0.1 0 0 0 0.4 0.4 0 1 0.25

1.3 HEAEER

S| P AR O i A R e i D B AR AN RT3 BT S AR 2 R K S S A BB A e il v T S
S MK i R R G MR T B B A O b el . R BT 3 R R T 2 2 A )
Az ) o o A% R — BEBE B IS el 80 A B AR T e A S X1 W SR A R A R A B e 22 el i
R v TR R T DLAE 425 ps Z A1 vhily s S B R 22 BT s BE A A 2l B A e ol ik e i R
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Fig. 3 Relative locations of fragments and blast wave for different time instants
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Fig.4 Variation of propagation distances
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Fig.5 Photograph of experimental setup and the arrangement of test devices
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Table 4 Distance between wood blocks and warhead

Distance/m
Shot Wood block 1 Wood block 2 Wood block 3 Wood block 4 Wood block 5
1 0.4 0.6 1.2 1.6 2.0
2 1.6 2.0 2.4 2.8 3.2
3 1.6 2.0 2.8 3.2 3.6

HE Bk S AR R S A 2.5 .4, 3.6, 2.8, 0 F1 10,0 m Ab (A HU T 4> 5 A6 E kistler 211B4 JE HL &

S T 0 AN [ B Ak oo o D AR T B A AR SR B AN AT 6 I
SR FH R 7 % 114 5 e g S A S T AR L 2 5 A B 22, 24 S T R K e AR A SRR L B 2 I
B4 Ay v HURAR AN AR SR AR R S I 2, SR WU 24 000 MEERD

Warhead
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Fig. 6 Schematic diagram of experimental setup for blast wave overpressure measurement
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Fig. 7 Relative locations of fragments and blast wave
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Table 5 Arrival time of blast wave

Time/ms
Shot Wood block 1 Wood block 2 Wood block 3 Wood block 4  Wood block 5
1 0.752 1.832 2.586
2 1. 791 2.334 3.009 3.825 4.771
3 2.876 3.762 4.689
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Table 6 Average arrival time of blast wave

Distance/m  Time/ms || Distance/m  Time/ms | Distance/m  Time/ms
1.2 0.752 2.0 2.599 2.8 3.794
1.6 1.812 2.4 3.009 3.2 4.730
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Fig. 9 Variation of propagation distances Fig. 10 Shock wave overpressure versus time
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Table 7 Comparison of the numerical and experimental overpressure results

Over pressure/ MPa

Distance/m Error/ %
Test Numerical
2.5 0. 356 0.3557 8.
4.3 0.086 0.0912 6.05
6.2 0. 04565 0.0489 7.12
8.0 0.0256 0.0241 5. 86
10.0 0.0199 0.0217 9.05
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260 mm,R=96 mm)

Table 8 Parameters of warhead and fragment (L =260 mm,R=96 mm)

Arrangement k% m/g t/mm h/mm Explosive

37.31 6.00 9 10 8701

1 40. 33 6. 00 8 10 8701
43.73 6.00 7 10 8701
52. 34 2.12 5 4 8701
52. 34 4,24 5 6 8701

2 52. 34 6.00 5 8.2 8701
52. 34 8. 48 5 9.6 8701
52. 34 12.00 5 12 8701

3 6. 00 5 8.2 8701/ TNT/B/HMX
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Fig. 11 Influence of £ on meeting location
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Table 9 Parameters of different explosives

Explosive p/(kg*m ™) Qu/(m=+s™") Qr/(J+g ') Explosive mass/kg TNT equivalent k/ %

TNT 1.58 6 856 4225 11. 00 1.00 44,51
B 1.71 7680 4690 12. 37 1.11 50. 05
8701 1.72 7980 5300 11.95 1.25 52. 34
HMX 1. 89 9100 6188 13.13 1.46 58. 30
2.55
PG TNT 245 5 T8 T 28 3 R 5Ok B il 550l s+ Numerical data
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RS B BB b onpa D I T G T B 4 Fig. 13 Influence of different types

of explosives on meeting location
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Meeting Location of Fragment and Shock Wave

from Blast Fragmentation Warhead

CHEN Xing,ZHOU Lanwei, LI Xiangdong,
HU Zhengzhe,ZHANG Rui

(Mechanical Engineering Institute , Nanjing University
of Science and Technology .Nanjing 210094 ,China)

Abstract:In order to study the meeting location of fragments and shock waves after fragmentation

warhead explosions, ANSYS/LS-DYNA was first used to numerically calculate the explosion process

of the fragmented warhead, and then the location where fragments meet shock wave was experimentally

determined, validating the numerical method. On the basis of above results, the influence of £, m, Qy

and Qr on the meeting location was analyzed. The results show that the meeting location decreases

with the increase of £,m.Qy and Q. More precisely,the & increases by 31% ,the distance between the

meeting position and the explosion center decreases by 11. 5%, the m is doubled, and the distance

between the meeting position and the explosion center is reduced by 2.4 %.

Keywords: fragmentation warhead;fragment;shock wave;meeting location
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