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Fig.1 Damage of the paint surface of projectile penetrating

into multi-layered targe
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Table 1 Parameters of the projectile and the reinforcement
p E T C
category v P B f
/g-cm™ /GPa /MPa /s
projectile 7.91 210 0.28 1720 1670 8.45 1 1.0
corrugated steel bar 7.85 200 0.29 400 - - 0 0.5
Note: 1) p is density; E is Young’s modulus; v is poisson’s ratio; o is yield

stress; C and P is strain rate parameter;$ is hardening parameter; f, is

failure strain for eroding elements.
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Table 2 Parameters of the concrete

E p K, /MPa- k
category v g m
/GPa /grcm™ m'/2 /m™?

concrete 20.68 0.18 2.52 0.39 2.747

6.0 5.753e”

Note: K is fracture toughness; m and k is constant.
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Fig.7 Velocity-time curve of the projectile
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Table 3 Comparison of landing velocity between the experi-

mental and the simulation

landing speed layer 2 layer 3 layer 4 layer 5 layer 6 layer 7 layer 8

Vgp/m=s™" 709 701 685 662 645 614 600
Vanoaeg/m*s 711 697 679 663 638 613 585
Error/% 028 0.57 087 0.5 1.1 016 2.5
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Fig.8 Simulation of the penetration trajectory without con-

sidering the effect of pitch angular velocity
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Table 4

the simulation

Offset comparison between the experimental and

landing offset  layer 2 layer 3 layer 4 layer 5 layer 6 layer 7 layer 8

experimental/cm —6 -12 =32 -76 -128 -207 -280

simulation/cm -7.4 =19 -40 =71 =112 =165 =226
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Fig.9 Simulation of penetration trajectory with considering

the effect of pitch angular velocity
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Table 5

the simulation with considering the pitch angular velocity

Comparison of theresults of the experimental and

layer approach tps®  v/m-s' d/cm BIC°) /()
experiment 0 735 0 15 —-1.44
1 simulation 0 735 0 15 —-1.44
experiment 4671 709 -6 14.2 -2.83
? simulation 4575 711 -5 14 -4.9
experiment 9249 701 =11 12.6 -6.03
’ simulation 9225 696 -16 12.5 —-8.2
experiment 13928 685 =31 1.9 =129
! simulation 13925 680 39 1.2 -11.1
experiment 18714 662 =76 10.2  -17.6
° simulation 18625 660 -73 99 -14.2
experiment 23571 645 -128 8.1 -21.9
° simulation 23500 636 -126 7.3 -17.3
experiment 28714 614 =207 3.4 =229
7 simulation 28475 610 -201 4.8 -19.2
experiment 34571 600 -280 - -
’ simulation 33675 580 -294 0.8 -22.3

Note: 3) tis landing time;v is landing speed;d is landing offset;B is angle of

attack;a is landing angle.
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Fig.12 Simulation results of projectile trajectory at the pitch
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Fig.13 Comparison of the trajectory offset of projectile with

three different pitch angular velocities
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Fig.15 Diagram of the influence of negative pith angular ve-

locity to ensure the projectile acting inside the target
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Influence of the Pitch Angular Velocity on the Ballistic Trajectory of Projectiles Penetrating into
Multi-layered Target

CHENG Wei', XIONG Guo-song', LI Wei-bing*, ZHANG Zhen-lei', ZHANG Xue-lun'
(1. Chongging Hongyu Precision Industry Group Co,. Lid., Chongqging 40276, China; 2. ZNDY of Ministerrial Key Laboratory , Nanjing University of Science
and Technology, Nanjing 210094, China)

Abstract: In order to investigate the influence of the pitch angular velocity on the penetration trajectory of projectile penetrating
into multi-layered target, a large amount of experimental and simulation from literature was analyzed. In the paper, LS-DYNA fi-
nite element software was used to simulate the projectile penetrating into multi-layered slabs with or without considering the pith
angle velocity. Data obtained in the simulations, like the paper studied the pith angle, landing time, landing speed, landing off-
set, angle of attack, landing angle, fuse overloading and etc., were compared with the experimental results. The results show
that the numerical simulation was agreed well with the corresponding experimental data, when the pitch was taken into consid-
eration. The influences of pitch with different values and directions on the trajectory of projectile penetration into multi-layered
reinforced concrete slabs were analyzed. It shows that, under the same value, the positive pith angular velocity had a greater in-
fluence than the negative one. Secondly, in order to ensure that the projectile explode in the target building, the value and direc-
tion of the pith angular velocity of the projectile must be controlled between =627°-s™ and 427°-s7".

Key words: pitch angular velocity ; multi-layer target;trajectory; penetration
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