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Influencing factors of penetration performance of
an elliptical cross-section projectile
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(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China,
2. China North Industries Corporation, Beijing 100053, China)

Abstract: In order to study the influence of the cross-section shape and caliber radius head on the penetration performance of
elliptical cross-section projectiles, the static deep indentation test of the elliptical cross-section conical indenters was carried
out, and the force-displacement curves of different cross-section indenter slowly penetrating the material were obtained. Then,
by means of a 30-mm-caliber ballistic gun platform, a series of experiments were carried out on 2A12 thick aluminum targets
subjected to normal penetration by three kinds of 30CrMnSi2A steel projectiles with different elliptical cross-section shapes in
the striking velocity ranging from 400 m/s to 800 m/s. The penetration depth of projectiles and the failure morphology of
targets were experimentally obtained. The penetration dynamic model of projectile into thick metal target was established on
the basis of the cavity expansion theory and resistance function correction coefficient. The correctness of the theoretical model
is validated by the experimental results in this paper, and the influence of the cross-section shape and caliber radius head of the
projectile on the penetration performance are systematically analyzed. The results show that the elliptical section indenter with
the same cross-sectional area has higher resistance while slowly penetrating into the material. When the major-to-minor axis
length ratio of the cross-sectional of indenters increases from 1.00 to 2.00, the material resistance increases by 10.1%. It is

found that there is a large difference in the failure morphology of the target under the penetration of circular and elliptical
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cross-section projectiles, and the shape of the target tunnel area is consistent with the shape of the projectile cross-section. In
addition, when the cross-sectional area of the projectile is equivalent and the major-to-minor axis length ratio of each cross-
section was constant, the penetration performance of projectile decreases with the increase of the larger the major-to-minor axis
length ratio. The penetration performance of projectile with elliptical cross-section decreases with the increase of the major-to-
minor axis length ratio and the decrease of the caliber radius head of the projectile.

Keywords: clliptical cross-section projectile; the major-to-minor axis length ratio; caliber radius head; penetration

performance; deep indentation test
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Table 1 Main geometric parameters of circular and elliptical cross-section conical indenters

e AT B 2a/mm 2b/mm B S KA T A/ mm’ K /mm
cCl1 5 8.00 8.00 1.00 50.27 60.00
ECI <> 9.80 6.53 1.50 50.27 60.00
EC2 () 11.31 5.66 2.00 50.27 60.00
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Fig. 1 CCl indenter drawing
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(a) Installation method of the indenter (b) Layout of the indentation test

2 ik i s i e
Fig. 2 Installation and layout of the indenter
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Fig. 3 Force-distance record in the deep indentation test
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Fig. 4 Projectiles used in the test
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Table 2 Main parameters of circular and elliptical cross-section projectiles

ESiY) SRR B B BV mm? mig L/mm Tern
Cl 1.00 556 360 432 3.60
El 1.25 720 360 432 3.49
E2 161 556 360 432 5.64
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Fig. 6 Layout of penetration test
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Table 3 Test results of projectiles penetrating 2A12 thick aluminum targets

ERes el HH°) PR FR/C) IR fa/°) vy/(m-s™) P/mm
1 Cl-1 0.39 0.41 0.08 773.1 252.77
2 El-1 1.18 0.38 0.67 810.1 217.18
3 E2-1 1.49 0.41 1.74 816.2 274.55
4 Cl-2 1.44 0.30 0.86 608.0 175.73
5 E1-2 0.95 0.26 1.87 604.2 143.93
6 E2-2 0.43 0.20 1.03 563.8 159.17
7 E1-3 0.41 0.53 2.79 398.3 72.92
8 E2-3 0.25 0.39 0 402.2 99.30

7 E2-2 HARATESS 8 BRI SR L
Fig. 7 Flying attitude of the E2-2 projectile Fig. 8 Comparison of projectiles before and after tests
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Table 4 Deviation of penetration depth between calculation results and test results

P,/mm AXHER A R AR 2/ %
Hidy e vy/(m-s™")
ISP SCEH:AY AR SCEfAY AR
Cl1-1 773.1 252.77 285.98 285.98 13.14 13.14
El-1 810.1 217.18 239.32 229.05 10.19 5.47
E2-1 816.2 274.55 319.24 289.24 16.28 5.35
C1-2 608.0 175.73 191.95 191.95 9.23 9.23
E1-2 604.2 143.93 150.33 144.25 4.45 0.22
E2-2 563.8 159.17 172.56 157.41 8.41 —1.11
El1-3 398.3 72.92 79.61 76.86 9.17 5.40
E2-3 402.2 99.30 100.17 92.25 0.88 =7.10
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Fig. 11 Comparison of the theoretical model calculation results with test results
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Table S Main parameters of five typical elliptical cone projectiles

By PRI 2a/mm 2b/mm B mlg L/mm
E-1 ’ 23.60 23.60 1.00 360 144
Ec-2 ’ 26.38 21.11 1.25 360 144
E.-3 ' 28.90 19.26 1.50 360 144
E.-4 ’ 31.22 17.84 1.75 360 144
E--5 ' 33.36 16.68 2.00 360 144
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Fig. 12 Relationships between penetration depth and impact velocity at different major-to-minor axis length ratios
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Fig. 13 Stress distribution characteristics of the projectile noses at different major-to-minor axis length ratios
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Table 6 Main parameters of five typical elliptical cross-section projectiles

AL A8 580 A 2 10 1 i A R Al LU )

Eviil SRS R R 2a/mm 2b/mm B Fern mlg L/mm
Eqs-1 23.60 23.60 1.00 3.60 360 144
Ecs2 28.90 19.26 1.50 5.28 360 144
Ecs3 33.36 16.68 2.00 6.95 360 144
E.s-4 28.90 19.26 1.50 3.60 360 144
Es-5 33.36 16.68 2.00 3.60 360 144
500
—— Eo-1, f=1.00, gy =3.60
—— Beg2, B=1.50, 7o =5.28
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- = - Eeed, =1.50, ropy=3.60
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Fig. 14 Influence of r,; and B on penetration depth
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