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Table 1 Parameters and their units and dimensions related to the location of the two encounters

Object Parameters Symbol Unit Dimension

Fragment Mass my kg M
Mass m, kg M

Explosive Density Pe kgm™ ML™

Chemical energy released per unit mass of explosive E, m?s™? LT
Expansion index Ve 1 SI

Initial pressure Da kgm's? ML™'T?

Air Initial density La kgm™ ML"

Adiabatic index Ya 1 SI

A1 LA R R v R0 e U %) A 8 R S, IR A A7 AE R EROC R
R = f(mg;me, pe, Ee,Ve; PasPas¥a) (1
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Table 2 Scaled warhead size

Mass shrinkage Dimension shrinkage

Model r/cm h/cm d/cm mJg mJg ratio ratio
1 1.966 5.023 0.126 100 62.92 0.1 0.464
2 2.476 6.328 0.159 200 125.83 0.2 0.585
3 2.835 7.244 0.181 300 188.75 0.3 0.669
4 3.120 7.972 0.200 400 251.67 0.4 0.737
5 3.931 10.046 0.252 800 503.34 0.8 0.928
6 4.237 10.822 0.271 1 000 629.15 1.0 1.000
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Table 3 Parameters of TNT material and JWL equation of state
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Fig. 2 Finite element analysis model

plkgm™)  Di(ms?) po/GPa  ENGIm™) A,/GPa B,/GPa R, R, w v

1 640 6930 19.4 6.2 309 3.09 4.485 0.79 0.30 1
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Table 4 Equation of state parameters of air

plkgm™) E/MPa C,/MPa C, G, G, C, C; C,
1.25 0.25 0.1 0 0 0 0 0.4 0
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Table 6 Comparison of theoretical and simulation results

Model Mass rec.iuction ( m )0.33 Meeting time Meeting distance
ratio M Value/us  Reduction Deviation/%  Value/cm  Reduction Deviation/%
1 0.1 0.464 140 0.403 13.1 27 0.397 14.4
2 0.2 0.585 188 0.531 9.2 36 0.529 9.5
3 0.3 0.669 229 0.642 4.0 45 0.651 2.7
4 0.4 0.737 270 0.763 3.5 52 0.764 3.6
5 0.8 0.929 334 0.941 1.3 64 0.945 1.7
6 1.0 1.000 355 1.000 68 1.000
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Blast Wave and Time Sequence of Prefabricated Fragments
for Scaled Warhead with Cylindrical Charge

XIA Binghan', WANG Jinxiang', ZHOU Nan®, CHEN Xingwang', LU Fujia’

(1. National Key Laboratory of Transient Physics, Nanjing University of Science
and Technology, Nanjing 210094, Jiangsu, China;
2. Nanjing Forestpolice College, Nanjing 210023, Jiangsu, China;
3. Beijing North Vehicle Group Corporation, Beijing 100072, China)

Abstract: In order to explore the influence of the scale effects on the timing of fragmentation and shock
wave, the key parameters affecting the location of fragmentation and shock wave are determined by the
dimensionless analysis and explosion theory for the prefabricated fragment warhead. This paper proposes a
method to predict the timing relationship of the prototype warhead fragmentation and blast wave by the scale
ratio warhead, and establishes the model of the warhead under different scale ratios. The numerical
simulation is carried out with ANSYS/LS-DYNA finite element software. Based on the theoretical and
numerical results, we analyze the scale effects of the warhead on the timing of shock waves and
fragmentation. The results show that the ratio of the encounter position of fragments and shock waves
produced by the scaled model and the prototype model depends on the mass ratio of the two models. Without
considering the velocity attenuation of fragments, the ratio of the encounter position in two models is equal
to the 0.33 power of the mass ratio. Due to the effects of fragmentation velocity attenuation, the method is
applicable to models with a mass reduction ratio of not less than 0.2.

Keywords: columnar charge warhead; prefabricated fragment warhead; scale ratio; shock waves; fragment;

action time sequence

015101-7


http://dx.doi.org/10.3963/j.issn.1001-487X.2012.01.004
http://dx.doi.org/10.3963/j.issn.1001-487X.2012.01.004
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.06.011
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.06.011
http://dx.doi.org/10.11809/scbgxb2017.12.008
http://dx.doi.org/10.11809/scbgxb2017.12.008
http://dx.doi.org/10.3963/j.issn.1001-487X.2012.01.004
http://dx.doi.org/10.3963/j.issn.1001-487X.2012.01.004
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.06.011
http://dx.doi.org/10.3969/j.issn.1673-3185.2017.06.011
http://dx.doi.org/10.11809/scbgxb2017.12.008
http://dx.doi.org/10.11809/scbgxb2017.12.008

