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STUDY ON THE DYNAMIC RESPONSE OF A CONICAL PROJECTILE SUBJECTED TO
IMPACT LOADING AT ITS NOSEV

Chen Kang -~ Zhang Xiaowei 2 Long Renrong
(National Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing 100081, China)

Abstract In recent years, hypersonic weapons have developed rapidly due to their advantages in attack speed and
damage ability. In order to improve the space utilization of the platform, the adoption of variable cross-sectional
warheads that have the same shape as the platform becomes an important developing trend. However, the increase in
structural shape complexity and velocity results in extreme dynamic loading conditions, which lead to serious structural
strength issues for warheads. To investigate the dynamic response of variable cross-sectional projectiles in oblique
penetration scenarios, based on the free-free beam and structural plasticity theories, a dynamic response model and
structural failure function with the coupling of axial force and bending moment considered were established for the
conical projectile subjected to impact loading at its nose. Then, by means of Abaqus/Explicit nonlinear finite element
analysis software, the dynamic responses of typical conical projectiles under different impact loadings at the nose were
numerically simulated, and the rationality and accuracy of the proposed dynamic response model were verified. Based on
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the theoretical models, the influences of the structural parameters of projectiles, such as the shape coefficient of the

projectile head, semi-conic angle, diameter-to-thickness ratio, as well as the length-to-diameter ratio were analyzed. The

results showed that the theoretical model could predict the internal force distribution and failure locations of the conical

projectiles very well. The nose mass of the projectile could decrease the magnitude of the internal forces, but does not

change their non-dimensional distribution. When the impact loading, the diameter at the front part of the projectile, as

well as the other nondimensional parameters keep constant, the increase of the semi-conic angle of the projectile induces

a shift of the critical failure section toward the head, and the increase of the length-to-diameter ratio or diameter-to-

thickness ratio makes the projectile more prone to structural failure.

Key words structural response, impact loading, free-free beam, conical projectiles
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Fig. 1 Oblique penetration of conical projectile
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Table 1 ~ Structural parameters of two simulation models
Model ro/mm h/mm 0/°) L/mm my/kg mykg 04+
T0 0 230 1098 )
43.75 8 343 = 2
T2 2 2.26 13.24 )
- =-1=300pus
04 t.=500 pus
k2 T8{K 35 CrMnSi # 1} & 528 ’ -t =700 us
Table 2 Material parameters of 35 CrMnSil?*! 0 0.5 1.0 1.5 2.0x103
Parameter Value Parameter Value tus
(a) Iy dh 28
E/GPa 210 n 0.479 (a) Axial force time history curve
v 0.3 m 1 _
0.15 — £=100ps
A/MPa 1300 c 0.04 =~ Q00 us
\ - 1,=500 ps
B/MPa 346 dyfs™! 1x107 _olo £l 1, =700 ps
<
S 0.05
Iy
e 0
[

8 Mm#EJT
Fig. 8 Loading method
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[ (R AR A LR, 25 R an &) 10 s, 48 AT, 24 0 <
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Fig. 10 Internal force time history curve at 0.34L position
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Fig. 11 Internal force distribution of T2 projectile at various instants
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Table 3 Comparison of the distribution of bending moment

Model Simulation Theory Relative error/%
Max 0.063 0.068 7.94
TO
in 0.388 0.333 -14.18
Max 0.075 0.083 10.67
T2
in 0.408 0.344 —-15.69
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T t,=500 ps FKAF T T2 4K 600 ps B S50 75
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FETTHR. 2 18 B S A A7 % 15 2 A 4 FH IR 7] %85 D)4 G,
DAL 475 28k i 1 FH IR TR B

14 600 ps i T2 544 (14282 AN #y
Fig. 14 -~ Displacement and rotation angle of T2 model at 600 us
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Fig. 15 Section of projectile head
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Fig. 16 Transfer coefficient of internal force under various CRH
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Fig. 20 Influence of diameter-to-thickness ratio on yield function
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