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Trajectory characteristics of elliptical cross-section projectile
penetrating multi-layer spaced steel targets

YANG Shilin', GAO Xudong', ZHANG Xianfeng', WANG Xiaofeng’
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China,
2. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: An experimental investigation of typical projectiles penetrating multi-layer spaced Q355B steel targets was
conducted to study the trajectory characteristics of elliptical cross-section projectiles penetrating multi-layer spaced steel
targets. Numerical simulations were performed on LS-DYNA finite element software and typical results obtained were
validated by experimental results. The attitude and trajectory parameters in the penetration process and the deflection
mechanism of the projectile were obtained. The influence of cross-section shape, the minor-to-major axis length ratio of the
projectile cross-section, initial velocity, rotation angle, and incident angle on the penetration trajectories and attitude deflection
was investigated. The research results show that the penetration trajectory stability of the circular cross-section projectile is
better than the elliptical and asymmetric elliptical cross-section projectiles when the rotation angle is 0°. As the minor-to-major
axis length ratio increases, the trajectory is more stable. The trajectory deflection reduces with a higher initial velocity. When
the rotation angle is 90°, the penetration trajectory of both symmetric and asymmetric elliptical cross-section projectiles in the
incident plane is the most stable, and the trajectory deflection of the two projectiles in the horizontal plane reaches its
maximum at rotation angles of 45° and 90°, respectively. The trajectory stability of an asymmetric elliptical projectile, when

the rotation angle is obtuse, is better than that at the acute angle. When the incident angle is in the range of [0°, 50°], the
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trajectory instability and attitude deflection of the projectile increase with the increase of incident angle and then decrease, and
both reach the largest when the incident angle is about 30°. It is also found that the projectile will separate from the target
during the penetration stage of the projectile nose when penetrating a thin steel target in a stable attitude. When the projectile
penetrates a thin steel target at a large attack angle, the attachment of the projectile and target mainly occurs on the upper
surface of the projectile.

Keywords: elliptical cross-section projectile; multi-layer spaced steel target; penetration trajectory; attitude deflection
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Fig. 1 Projectiles used in experiments (unit: mm)
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Table 2 Trajectory parameters of the projectile before and after penetrating each steel plate
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El-1 809.1 1.6 — 25 — 10.6 1.8 2.0 — — 0.9 4.0 — — 11.5 134
E1-2 790.6 24 -28 -33 -93 228 0 16.1 0 14.8 0.9 11.9 3.0 2.0 4.3 -194
El1-3 6105 0 -0.8 -7.9 -20.6 —442 -0.9 30 -2.5 27 — 14.0 — -1.1 —6.5 -343
El1-4 799.7 1.5 -1.1 -54 —-13.8 -31.5 0 31.5 0 28.7 0 21.2 0 73 0 -7.9
El1-5 10000 09 —04 -43 — -144 0.2 30.9 1.0 30.0 1.9 27.5 — — 4.0 12.5
El1-6 8073 -0.8 -1.6 —6.3 —10.2 -24.6 -1.5 29.2 -1.3 272 0 239 0 16.9 4.8 2.1
E1-7 8024 0 -02 -03 -03 -3.7 0 30.0 0 29.0 0 27.9 0 27.6 0 25.6
Cl-1 7963 0 0 -03 -24 -104 0 30.0 0 30.0 0 28.8 0 259 0 16.9
NE1-1 8072 0.5 — — — 467 — 29.5 — — — — — 2.1 — —-24.9
NE2-1 7987 0 -29 —-12.6 —33.3 —-53.2 53 30.0 6.6 26.4 9.8 9.1 22.4 -9.0 51.3 —38.3
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Table 3 Material parameters

= pl(g-em™) E/GPa u A/MPa B/MPa n c m D, D, D, D,
35CrMnSiA 7.85 210 0.30
Q355B%" 7.85 210 0.28 339.5 620.0 0.403 0.02 0 0.820  6.047  —-7.09  —0.003
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Table 4 Comparison between simulations and experiments for residual velocity of projectiles

TR/ (m-s™)

E e AR — 2%
LI AR [UEEAES
1 794.2 795.4 0.15
2 7825 789.2 0.86
El-4
3 762.7 779.2 2.16
4 737.9 754.1 2.19
1 801.0 802.2 0.14
2 789.9 794.5 0.58
El-6
3 780.8 783.1 0.29
4 764.6 760.1 —0.59
1 792.7 793.6 0.11
2 783.4 783.6 0.02
NE2-1
3 751.5 759.5 1.06
4 681.4 689.9 1.24
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