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Analysis of influencing factors on formation and penetration capabilities
of asymmetric hollow annular shaped charge

LI Zhaoting', WANG Shuyou'?, SUN Shengjie', JIANG Jianwei', MEN Jianbing'?
(1. State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing 100081, China;
2. Tangshan Research Institute, Beijing Institute of Technology, Tangshan 063000, Hebei, China)

Abstract: The annular shaped charges serve as the precursor of a tandem warhead, prized for its ability to create large
diameter perforation in targets. In an effort to enhance the penetration capacity of the annular shaped charge jet and mitigate
the impact of the inner casing on subsequent sections induced by a reversed penetrator, a novel approach was taken to
implement the investigation. Four different combinations of inner and outer casing materials based on steel and aluminum alloy
were explored. It was found that when the inner casing was made of aluminum alloy, the average penetration depth in the rear
target was 36.13% lower than that when the inner casing was made of steel. Selecting an inner casing of aluminum alloy and an
outer casing of steel, the effects of tip offset, liner thickness, and standoff distance on the formation and penetration
characteristics of the annular jet were further investigated. The results show that the jet formed by the non-eccentric liner
exhibits radial offset, negatively influencing its penetration capability. However, by offsetting the liner tip to the outer side by
0.05d (where d represents the radial thickness of the annular shaped charge), both the forming and penetration performances of

the jet are significantly improved. In addition, as the liner thickness increases, the velocity of the jet tip gradually decreases.
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Notably, the annular jet formed by an eccentric conical liner with a thickness of 0.045d exhibits superior penetration
performance. Furthermore, the standoff distance emerges as a critical factor influencing the penetration capability of the
annular jet. Optimal performance is achieved at a standoff distance of 1.12d. Under the same scenario, jet penetration tests
were implemented. The difference between the radius of the penetration tunnel from numerical and experimental study lies
within 12%. Subsequently, the reliability of the numerical simulation model and the conclusions are verified.
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Fig. 1 Hollow annular shaped charge structure
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Table1 1JWL equation of state parameters of PBX-9404

plkg'm™) A/GPa B/GPa R, R, w vp/(m-s™) Ey(kl'm™) Po/GPa

1840 852.4 18.02 4.6 13 0.38 8800 1.02e7 37

®2 BHEEMTEMESH

Table 2 Material parameters of liner and casing

MR pl(kg-m™) K/GPa G/GPa A,/MPa B,/MPa n C m
T G 8 960 129 46 90 292 0.31 0.025 1.09
4340%% 7830 159 81.8 792 510 0.26 0.014 1.03

#3 HBIRFEEMRSE

Table 3 Material parameters of target and casing

et ol(kg:m™) y ¢/(ms™) S,
w4 2785 2.00 5328 1.338
HHW 7 860 1.67 4610 1.730
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Fig. 4 Penetration results of rear target with different casing material combinations
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Fig. 6 Illustration of radial offset of annular jet
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(a) Penetration results of non-eccentric liner (b) Penetration results of eccentric liner
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