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Oblique penetration of elliptical cross-section projectile into metal target
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Abstract: In order to study the penetrating trajectories of elliptical cross-section projectiles into semi-infinite metal targets, a
penetration trajectory model was established based on the dynamic cavity expansion theory and local interaction model. The
shape function of the elliptical cross-section projectile was developed based on the local interaction model, and the resistance
model derived from the dynamic cavity expansion theory was used to calculate the forces and moments acting on the elliptical
cross-section projectile under the local Cartesian coordinate system. Thus, the factors affecting the projectile penetration
trajectory were considered, including the major axis to minor axis ratio of the cross-section, the angle around the projectile axis
and the striking velocity. Then, oblique penetrating experiments were carried out at a striking velocity ranging from 850 to
950 m/s and an oblique angle ranging from 0° to 20°. Furthermore, the model was validated by experimental results. Finally,
the influence of the major axis to minor axis ratio of the cross-section, the angle around the projectile axis and the striking
velocity on the penetration trajectory was analyzed. When the major axis to minor axis ratio is 1.0, the projectile is degenerated
into an ogive-nosed one. With the increase of this ratio, the stability of the elliptical cross-section projectile reduces. The
optimal value of the major axis to minor axis ratio is 1.0, and the penetration trajectory is the most stable at this time. The

penetration trajectory will change from a two-dimensional plane curve to a three-dimensional space curve when the angle
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around the projectile axis varies. When the angle around the projectile axis is 0° or 90°, the penetration trajectory is in a two-
dimensional plane. Otherwise, the penetration trajectory is a three-dimensional space curve. The increasement of the attitude
angle of the elliptical cross-section projectile decreases from 18.6° to 17.8° when the striking velocity increases from 800 m/s
to 1000 m/s.

Keywords: elliptical cross-section projectile; oblique penetration; penetration trajectory model; semi-infinite metal target
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Table 1 Parameters of the projectile

ik MR 2a/mm 2b¢/mm Limm  m/g  HRCEEJE

30CrMnSiNi2A 5.6 145 9.0 43.5 222 42~45
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Table 2 Parameters of the target material aluminum alloy 2A12

g p/(kgm™) E/GPa Y/MPa n
2A12 2730 69.3 326.7 0.069
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Fig. 7 Analysis of the flight attitude of the projectile
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Table 3 Test results of the penetration trajectories

‘ j BRI
EE ve/(ms™) ay/(°) y/() 6,/(°)

Sy/mm Sy/mm S,/mm @/ (%)
T2-8 873 5.0 14 -1.0 3.7 14.8 -55.4 22.0
T2-13 898 11.1 —54 1.1 10.0 13.8 —-53.3 25.1
T2-12 920 20.8 -7 0.8 53 43.5 -57.5 433
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Fig. 9 Results of the penetration trajectories
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Table 4 Comparison of the final coordinates of the elliptic cross section projectiles
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S¢ymm Sy/mm S/mm @,/°) S/mm S/mm S/mm @,/(°) ASY/mm AS/mm AS/mm Aa,/(°)
T2-8 873 3.7 14.8 -55.4 22.0 0.2 8.5 —60.0 15.4 35 6.3 —4.6 6.6
T2-13 898 10.0 13.8 -53.3 25.1 0.9 17.8 -57.5 14.6 9.1 -4.0 4.2 7.3
T2-12 920 53 42.7 -57.5 433 1.4 37.2 -59.1 36.1 39 55 -1.6 -15.8
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Table S Computational parameters of the projectiles

CLTVN 2ar/mm 2br/mm a Fern L,/mm L/mm mlg J/(g'mm?) J/(g-mm?’) J/(g:mm®) l,/mm
1* 9.0 9.0 1.0 5.6 20.9 435 16.9 1876 1876 158 26.2
2* 10.8 9.0 1.2 5.6 20.9 435 17.0 1839 1877 217 24.3
3* 12.6 9.0 1.4 5.6 20.9 43.5 17.0 1847 1930 274 23.1
4* 14.5 9.0 1.6 5.6 20.9 435 17.1 1967 2108 344 234
5% 16.2 9.0 1.8 5.6 20.9 43.5 171 2091 2289 414 22.2
6" 18.0 9.0 2.0 5.6 20.9 435 17.0 2010 2266 468 21.2
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