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Abstract: By means of a 30-mm-caliber ballistic gun platform, a series of experiments were carried out on 2A12 aluminum
targets subjected to normal penetration by three kinds of 30CrMnSi2A steel projectiles with different elliptical cross-section
shapes in the striking velocity range from 200 m/s to 600 m/s. The residual velocities of the projectiles and the failure modes of
the targets were experimentally obtained. Based on the experimental results, the corresponding numerical models were
established and verified. And the influences of the major-to-minor axis length ratios of the projectile cross-sections on the
failure modes and response characteristics of the targets were systematically analyzed. The results show as follows. The
maximum cross-sectional areas of the projectiles are the main factor affecting the residual velocities of the projectiles, while

the major-to-minor axis length ratios of the projectile cross-sections have little effect on the residual velocities. Therefore, in
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engineering applications, the engineering model for the circular cross-section projectile penetrating a target can be directly used
to calculate the residual velocity of the elliptical cross-section projectile with the same maximum cross-sectional area. In
addition, under normal penetration of the circular cross-section projectiles, the sizes, shapes and distribution of the petals
induced at the back faces of the targets are uniform. However, under normal penetration of the elliptical cross-section
projectiles, as the major-to-minor axis length ratios of the projectile cross-sections increase, the numbers of the petals induced
at the back faces of the targets increase and the petal sizes decrease, and the petal numbers and the uplifted height in the minor
axis direction are greater than those in the major axis direction. The radial displacement, radial stress and tangential stress of
the targets under the normal penetration of the elliptical cross-section projectiles are obviously different from those of the
targets under the normal penetration of the circular cross-section projectiles. Under normal penetrations of the circular cross-
section projectiles, the above response characteristics of the targets change basically the same along the circumferential
directions and the targets are under simple compression states with the tangential stress of zero. But, under normal penetrations
of the elliptical cross-section projectiles, the stress states of different points of the targets are closely related to the major-to-
minor axis length ratios and the circumferential angles of the projectiles, and the targets are subjected to the coupling effects of
the compression and shear stresses.

Keywords: aluminum target; elliptical cross-section projectile; major-to-minor axis length ratio; residual velocity; normal

penetration; radial displacement; radial stress; tangential stress
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Fig. 1 Projectiles used in the experiments
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Table 1 Main parameters of three projectiles

PR ARG 2a/mm 2b/mm B L/mm v mlg
cl ’ 236 236 1.00 432 36 360
" l 300 18.6 1.61 432 56 360
™ ’ 300 240 125 432 35 360
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Fig. 2 Targets used in the experiments
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Fig. 3 Experimental layout
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Table 2 Experimental results for normal penetration of projectiles into aluminum targets

LEES vo/(m-s™") ve/(m-s™) a/(°) y/(°)
Cl-1 402.3 336.0 1.08 +0.63
Cl-2 310.7 214.5 0.34 +0.19
C1-3 256.2 120.3 0.25 +0.17
Cl-4 566.5 522.5 1.11 —0.68
Tl-1 402.0 338.0 1.26 —0.62
T1-2 229.4 0 2.03 -1.51
T1-3 570.3 531.6 1.91 -1.49
T2-1 405.3 322.7 0.76 —0.30
T2-2 229.5 0 2.69 239
T2-3 569.3 509.2 1.57 -1.13

After the experimeng

F 5 SIS Cl-4 SfAXT

Fig. 5 Comparison of the C1-4 projectile before and after the experiment

. T
Tov ot aann i
Front face Back face Front face Back face Front face Back face
(a) C1-3, v=256.2 m/s (b) T1-2, v=229.4 m/s (c) T2-2, v=229.5 m/s

Front face Back face Front face Back face Front face - Back face
(d) C1-4, v=566.5 m/s (e) T1-3, v,=570.3 m/s (f) T2-3, v,=569.3 m/s

Bl 6 ARG ERIE RS DT FHERBIAIE 5

Fig. 6 Damage of aluminum targets under normal penetration of the projectiles

with different cross-section shapes
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Table 3 Material parameters

ket p/(g-em™) G/GPa u A/MPa B/MPa n c m D,
30CrMnSiNi2A ! 7.85 210 0.3

2A12632 277 28 0.33 195 230 0.31 0.42 1 0.75
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Fig. 8 Comparison of failure morphologies of targets between simulation and experiment
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Fig. 10 Influence of major-to-minor axis length ratios of the projectile cross-sections on damage morphologies of the targets
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Table 5 Comparison of plastic strain ranges on the back of targets

AR 2a/mm 2b/mm iR K AsAR/mm SR R A AR /mm R AR X /% S AAR XY /%

Cl 23.60 23.60 18.55 18.55 57.20 57.20
T3 26.40 21.10 17.30 18.08 31.06 71.37
T1 30.00 18.60 18.13 20.10 20.87 116.13
T4 33.36 16.68 19.13 22.30 14.69 167.39
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Fig. 12 Layout of measured points of targets in numerical simulation
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