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The effect of material layering order on the ballistic performances of targets
against the impact of ogival-nosed projectiles

DENG Yunfei'*, ZHANG Wei’, JIA Bin*, HU Jing', CHEN Cong'

(1.College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China;
2.School of Astronautics, Harbin Institute of Technology, Harbin 150080, China )

Abstract; The plates are normally impacted by ogival-nosed projectiles on a one stage-gas gun to investigate the
influence of material and configuration on the ballistic resistance of target. By changing the material and
configuration of target, the ballistic limit and failure modes of the target under various impact conditions are
analyzed. All the targets, including monolithic plates, double-layer plates with the same materials and double-layer
plates with different materials, are of equal thickness. The velocity data and ballistic attitude image of projectile are
acquired by high-speed camera, the residual velocity versus initial velocity curves and ballistic limit velocities of the
projectiles are obtained based on experimental data. By analyzing the ballistic limit and surface density of target,
the influence of layering order of target on its impact resistance is revealed from the impact efficiency. The
experimental results indicate that the monolithic plates have a better ballistic performance than the double-layer
plates with the same materials. The layering order affects the ballistic resistance of the double-plates with different
materials, the configuration for anti-impact perfarmance is the upper layer of harder material and the lower layer of
softer material, and also the layering order of plate on the ballistic resistance decreases with the increase of initial
velocity of projectile. Moreover, it reveals that the ballistic resistance of aluminum alloy target is higher than that of
steel target under the similar areal density.
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Fig.1 Structure of one stage-gas gun
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Tab.1 Experimental test results (m-s™")
S2 A1S1 S1A1 S1S1
v, v, v, v, v, v, v, v,
0 0 80 0 81.5 0 104.35 0

113.12 0 92.31 34.28 87.28 10.83 109.65 33.15
115.24 0 94.12  32.87 90.55 34.04 111.80 30.19
118.06 26.09 106.67 66.67 92.31 40.33 11542 56.60
121.34 37.82 128.78 100.00 106.67 66.67 119.65 68.65
123.34 44.22 147.69 123.87 128.43 100.00 124.27 67.36
126.22  54.35 160 139.35 141.17 115.43 135.01 81.52
129.26  59.97 145.45 121.55 140.1  98.18

134.93 68.65 165.52 138.51 151.17 118.58
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Tab.2 Ballistic limits and model constant

MR a Ut p
A2 1 71.5 2

S2 1 115.8 2
AlAl 1 62.5 2
A1S1 1 87.0 2
S1A1 1 83.0 2
S1S1 1 103.8 2
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Fig.3  Velocity for projectiles impacting target
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Tab.3  Areal density and resistance efficiency of target

TR Wzm%{gz %EM:ME@M_:
py/ (kg + m™?) K/(m® - (kg-s)™")
A2 5.5 13.0
2 15.6 7.4
AlA1 5.5 11.4
AlS1 10.6 8.2
SIA1 10.6 7.8
S1S1 15.6 6.7
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Fig.4 High-speed camera images of the target plates against projectiles



5510 1]

Bz A L AR e 2 PP 470 B AR K 5 b o PR RE R 135 -

IS [T AR A S A R 5 M
P B AR 2B R S8R I S A i o A, AR AR 3
FLid R, FL A AR, — b X B T A o
T, 3 — 2 i 1) B A — 340, 3R s R, S5 AR

(a) S2, »=118.19 m/s,»,=26.09 m/s

h, Z DUE. — R BE, R /h, <3 B, 72 AR FRARTE
R,/h,=3 I, 7 A A 1) — 3 B AR B AE AR SCop
R,/h, 4 3.155 B 6.310, JI7 7 #LAR (9 28 TE i 1] —
B, WA 5 s

(f) S1A1, v=147.69 m/s, v,=23.87 m/s
5 |EERIERX
Fig.5 Failure mode of plates
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Tab.4 Target material parameters
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Fig.6  Schematic diagram of energy dissipation of target material

during impacting
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