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Fig.1 Shock wave propagation diagram of eccentric double-

line detonating warhead section
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Fig.2 Schematic diagram of warhead element
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Fig.4 Process of directional side fragment hitting target at dif-

ferent times
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Table 1

mental and calculated results

Comparison of fragment velocity between experi-

0 experimental results  calculated results /  error
/() /m-s”! m-s™ /%

0 2630.2 2518.2 -4.26
15 2460.5 2342.5 -4.80
30 2385.6 2299.3 -3.62
45 2311.4 2240.3 -3.08
60 2243.4 2162.0 -3.63
75 2118.7 2059.5 =2.79
90 2007.2 1924.8 -4.11

Note: 6 is circumferential azimuth angle of warhead.
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Fig. 5 Simulation model of warhead

parts materials LS-DYNA parameters
explosive HMX p/kg-m™ D/m-s™ pg / GPa A/ GPa B/ GPa R, R, w e
1.89x10° 9.11x10° 42 778 7.07 4.26 1.1 0.36 10
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lining and Al alloy p/kg-m™ G/ GPa A/ GPa B/ GPa N C M T,
end cover 2.77x10° 27.6 0.265 0.426 0.34 0.015 1.0 775

Note: p is density of material. D is detonation velocity. pg, is CJ detonation pressure. A, B, R, R, o are calibration coefficient. e, is energy per unit volume. E is

elasticity modulus. PR is Poisson ratio. o is yield stress. E, is tangent modulus. 8 is hardening parameter. G is shear modulus. A, B, N, C, M are model con-

stants. T is Melting temperature.
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Table 3

from numerical simulation and experiment

Comparison of fragment velocity results obtained

0 experimental results  simulation results  error
/() /m-s” /m-s! /%

0 2630.2 2589.1 -1.56
15 2460.5 2310.5 -6.10
30 2385.6 2237.3 -6.22
45 2311.4 2190.0 =5.25
60 2243.4 2031.5 =9.45
75 2118.7 1934.3 -8.70
90 2007.2 1801.7 -10.24
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Fig.8 Distribution and fitting curves of initial velocity of frag-

ments at different axial azimuth angles

F4 BIERIIALR
Table 4 Fitting results of modified function

6/(°) A B R?
0 0.5967 6.0975 0.93
11.25 0.5724 4.1545 0.97
22.5 0.6254 4.0088 0.96
33.75 0.5495 3.3608 0.97
45 0.4845 2.7201 0.95
56.25 0.4280 2.1886 0.97
67.5 0.3692 1.9700 0.94
78.75 0.3292 1.6699 0.93
90 0.3390 1.9634 0.92

Note: A, B are fitting coefficients of the modified function. R? is coefficient

of determination.

08 , . . |
07t f o
0.61; >*<~—-.- = ‘.‘ - R s B 1,
N o _
= 051 e -— .
04L A \\4 Sl - li
\\ - -
03 S a ~o---4¢
02 F ‘\‘\A_\ B 3
| s ™ N 12
0.0 ; , . _—
0.0 0.2 0.4 06 08 10

circumferential position (8/90°)
B9 e RECS R I 68 R S A 4
Fig.9 Relationship and fitting curves between fitting coeffi-

cients and circumferential orientation of fragments
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Fig.10 Verification of the modified function
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Table 6

tions for different detonation modes

Distribution of fragment velocity at different posi-

fragment velocity  fragment velocity

6 @ ) AE,
/(%) /(%) 'of'e.cc.entrlc . 'of'c.en.tral . /%
initiation / m-s initiation / m-s

90 2589.1 2136.2 21.2

0 100 2536.5 1918.1 32.2

110 2349.9 1738.7 35.2

90 2310.5 2142 7.9

15 100 2241.4 1921.5 16.7
110 2090.7 1739.1 20.2

90 2237.3 2133.5 4.9

30 100 2193.6 1914.6 14.6
110 2011.9 1735.3 15.9

Note: AEF,_is total kinetic energy gain of fragment. ¢ is axial azimuth angle.
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Initial Velocity Calculation of Eccentric Initiation Warhead Fragment based on Infinitesimal Method

LIU Heng-yan, LIANG Zheng-feng, RUAN Xi-jun, CHENG Shu-jie
(Xi"an Modern Chemistry Research Institute, Xi'an 710006, China)

Abstract: The distribution of initial fragment velocity in the aim direction is one of the important factors for evaluating the power
of the directional warhead. Therefore, the calculation method of the initial fragment velocity in the whole domain on the direc-
tional side of the warhead under the eccentric double-line initiation and the kinetic energy gain compared with the central initia-
tion are studied. Based on the infinitesimal theory, the calculation method of the initial fragment velocity in different circumferen-
tial position on the directional side was derived, and the static explosive experiment of the warhead was carried out to compare
with the theoretical result. Combined with the numerical result of the warhead, the axial velocity correction function was fitted,
and the universality of the algorithm was verified according to the existing research. It is shown that the proposed formula is suit-
able for the warhead with eccentric double-line initiation, and the error between theoretical calculation and test results is within
4.80%, calculation result is consistent with actual situation. The fitting correction function can predict the initial velocity of the
fragments in different axial direction. The algorithm still has good universality when the warhead parameters change and the cal-
culation error is less than 7.11%. Compared with central initiation, the eccentric double-line initiation mode with an angle of
60° can increase the total kinetic energy of the fragments in the range of —30°-30° from the center of the directional side by
34.9%.

Key words: infinitesimal method;directional warhead;eccentric initiation;initial fragment velocity; kinetic energy gain
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o
Eccentric double-line initiation is currently considered as an important method for enhancing the warhead’s damage power to the
target. In this study, the calculation method for determining the initial velocity of fragments within a 180° directional range was
derived using the infinitesimal method. The resulting formula demonstrated highaccuracy, and a correction function was
obtained through numerical simulation to account for velocity differences of axial fragments. In addition, this study investigated

the gain of kinetic energy for fragments on the directional side.
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