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A study of high-velocity penetration characteristics and resistance model
of elliptical cross-section truncated ogive projectile

DENG Ximin, WU Haijun, DONG Heng, TIAN Ze, HUANG Fenglei
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: With the development of the hypersonic weapon system, the non-circular cross-section projectile with more space
utilization has attracted extensive attention. The high-velocity penetration mechanism of the non-circular cross-section
projectile is a crucial issue that must be solved. Based on the truncated conical head structure of a typical anti-ship warhead and
the elliptical section projectile’s shape, the elliptical section’s resistance characteristics and damage mechanism of thetruncated
cone projectile through the metal sheet at high velocity are studied by numerical simulation. The load applied on the projectile
is divided into two parts: shear punching resistance and ductile enlargement resistance. Combined with the numerical
simulation results, the high-velocity penetration resistance function and the analytical model of residual velocity are proposed,
which are suitable for elliptic cross-section flat projectile and ogive projectile. The differential surface force method and rigid
body dynamics are used to construct a normal penetration model, and numerical simulation results verify the validity of the
theoretical model. The results show that the elliptical cross-section truncated cone projectile penetrating through the metal
sheet can be divided into the head penetration stage under load and the body penetration stage without load. In the head
invasion stage, the failure mode of the thin sheet due to project penetration is decomposed into the shear plugging caused by
the truncated cone platform and the ductility enlargement of the curved surface of the head. Under high-velocity impact, the
damage to the sheet caused by elliptic ogive projectile/blunt projectile is different from that caused by low-velocity impact.

When the ogive projectile penetrates through the sheet, ductile enlargement failure occurs. When the sheet is impacted by blunt
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projectile at high velocity, the coupled failure mode of shear punching and ductile enlargement takes place. The resistance of
the elliptical cross-section projectile is the same as that of the circular cross-section projectile with the same cross-sectional
area. The difference is that the asymmetric structure of the elliptical cross-section projectile leads to non-uniform load
distribution.

Keywords: elliptical cross section projectile; plugging; enlargement; resistance function; penetration model
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Table 1 Material parameters of 945 steel used in numerical simulation

A/MPa B/MPa n C, C, E/GPa v &o/s”! Ty/K T,/K

451.6 797.73 0.75 —0.1589 0.012 210 0.33 3x107 293 1800
my X pl(gem™) ¢/dkg K™ D, D, D, D, £f ¢

0.859 0.9 7.85 452 0.35 1.11 —0.806 0.10 0.996
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Fig.3 The velocity and acceleration curves of the projectile ~ Fig. 4 The plug velocity and acceleration curves of the projectile
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Table 2 Simulation results of the velocity of plastic shock wave

c/(ms™)
vy/(m-s™) X,/mm t,/us

Hit, H(32) R(34)

700 0.376 0.542 5533.7 5497.1 4897.9
800 0.452 0.536 5600.6 5564.3 4968.6
900 0.480 0.537 5584.3 5547.4 5039.3
1000 0.511 0.515 5827.0 5788.5 5110.0
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3 FAREIER A

3.1 FEAORBLGE

P21 F155 3 451 T 700~ 1000 m/s )3 P A0 158 4 1 58 1E BT 2 0.3 em 945 4R ) 4 ik 2, O
R T BES RS ENe 25 R A X iR 22 . 45 SRR, JLT K (21). (44) 15 2 0 S AT 42 1 5 0 45
MR R 22 /N 2%
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700 |

650 750 850 950 1050

Initial velocity/(m-s™)
P21 AR -yt 2
Fig. 21 Residual velocity vs. initial velocity curves
*3 RERE
Table 3 Relative deviation of the model

N L
KAz B/ (m-s ™) Axid/(m-s ™) Ad/(m-s™)
REY% RE%
P& TR LA HT

700 688.8 685.9 -0.4 664.9 671.6 1.0

800 787.8 786.0 -0.2 759.8 764.9 0.7

: 900 887.1 885.9 -0.1 854.6 857.4 0.3
1000 986.5 985.7 -0.1 949.4 949.3 0.0

700 688.7 688.9 0.0 665.2 671.6 1.0

800 787.8 789.2 0.2 760.1 764.9 0.6

? 900 887.2 889.3 0.2 855.0 867.4 1.5
1000 986.8 989.2 0.2 949.8 949.2 -0.1

3.2 i[RI IE ZF RIRE

ARSI A5 T A R 2 sk AR v BH T R ORI R A R TR T vk, (RASGE FH T A B
A 620 G TS Sk 3 AR B SR X6 AR S r T BT 5 1 A [ 48 A B A, R IEFRIA S 2= B e |
A3 SERETO) S N7 A [ g 1 o AR AR D R LA R T IR R L SRR T pR R R AR A Bl R
iR

2 HEAE 5 17 A AR v A5 0] P o 2 B T 5 A 1) PXI ks 300 3 0, A (R0 7 T S e 5900 1 2 T X0 k% ) -
B 22 Frs o

MR A0 T 7060, 2 Aok A v AR T A7 4 Ay T LT LA R T oT, B
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2
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| Am Y+ meVe2
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Structure parameters
initial conditions

(43)

Termination

Plugging:
2.0 % compression, 7,
st Time-marker shearing, ¢,
1.0
. 0.5F Compression stress |
S 0 Op
—0.5¢
-1.0p .
st Shearing stress
-2.0¢t =

-3

Enlargement stress

x/cm - y\c((\ o
22 iR TR R R K23 AR
Fig. 22 Meshing of projectile surface Fig. 23  Flow chart of computation
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SRS EEW AR, AN, 454 Recht-Ipson 220U A ELA S, 15 51 17 125 00 ) 55000 A R 28
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3 —— V900-model 1 (1)88 —A=1.6, H=3 mm, model
A < : I ®» A=1.6, H=3 mm, simulation
. 2 V300-simulation =~ 900~ - A=1.6, H=3 mm, Recht-Ipson
T 1k 2800 | —A=2.5, H=5 mm, model
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E ol 3 700F- —2=2.5 H=5mm
‘%’ \ 'g 600 | Recht-Ipson
‘é —— V800-model E 500
% 2 —— V800-simulation s 400F
3 7 3007
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Fig. 24 Comparison on the acceleration of projectile Fig. 25 Residual velocity of two types of projectiles

T4 FREEIEE

Table4 Comparison of the residual velocity

)58 Pl A (mes ) (A=1.6, FEMJEEE3 mm) P A FE /(mes ™) (=2, FEHJEEES mm)
HARR /% ARSI 22/%

(m-s™) AR SO Recht-Ipsonfi#] AR SO Recht-Ipsonfi A
100 91.0 22.5 —303.8 74.7 22.5 231.3
200 186.5 175.6 —6.2 158.1 97.5 62.2
300 284.1 282.7 -0.5 251.8 242.0 4.0
400 382.7 385.1 0.6 350.7 354.1 -1.0
500 482.0 485.9 0.8 453.1 459.0 -1.3
600 581.8 585.9 0.7 556.6 560.8 -0.7
700 681.8 685.5 0.5 658.4 661.1 -0.4
800 782.0 784.9 0.4 758.9 760.4 -0.2
900 881.4 884.1 0.3 858.6 859.1 —0.1
1000 980.6 983.1 0.3 957.7 957.5 0.0
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