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Investigation Into Protection Performance of Projectile Using Flying Plate
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We investigated the protection capability of a plate against high speed projectiles demonstrating
collision and penetration behaviors by finite element analysis. The element erosion method was
used for penetration analysis, which showed that the speed of the projectile was slightly reduced
by the collision with the protection plate. Protection capability was measured by the projectile’s
attitude angle change because the damage of our tanks by projectiles was also dependent on the
projectile-tank collision angle. When the length of the protection plate was sufficiently long, the
projectile was severely deformed and incapacitated. In the case of a small plate, the projectile
was deformed only in the collision region. Thus, projection capability was investigated by the
change of attitude angle. The effect of collision angle, velocity, and length of the plate on the
rotational and vertical velocities of the projectile was investigated.
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L = Plate length

t = Thickness of a plate

Vpr = Projectile speed

Vx = Horizontal speed

V; = Vertical speed of a plate
0 = Plate attitude angle

At = Arrival time after collision with plate
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Fig. 1 Analysis model description for the collision of a
projectile with a plate

Table 1 Material constants for the Johnson-Cook

model!213

Part Projectile Plate
Material Tungsten heavy 4340 steel

alloy

Young’s modulus (GPa) 389.2 200.1

Poisson’s ratio 0.28 0.30

Density (kg/m®) 17,200 7,870

A (GPa) 1.411 0.792

B (GPa) 0.223 0.510

C 0.022 0.014

n 0.108 0.260

m 1.0 1.03

Trer (°C) 20.0 20.0

Tt (°C) 3,410 1,427
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Fig. 4 Deformed shape for various lengths of counter
plate (t = 0.05 m, 6 = 30°, Vx=- 500 m/s, V,=
500 m/s)
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Fig. 5 Deformed shape for different normal velocities of
counter plate (L = 0.6 m, t = 0.05 m, 6 = 30°, Vg
=-500 m/s)
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Fig. 6 Deformed shape for various collision angles of
projectile with counter plate (L = 0.6 m, t = 0.05
m, Vx=-500 m/s, V;= 500 m/s)
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Table 2 Summary of protection capability

Collison| Protection capability
L | v,
No (m) | (m/s) angle | Severe | Lepey | Legor
(deg.) | deform | (m) (m)
1 | 0.1 | 500 30 X 363.6 9.2
2 102 | 500 30 X 1754 | 239
3|04 | 500 30 0 105.3 | 76.0
4 1 0.6 | 500 30 0 56.8 69.6
5 10.1 0 30 X 120000.0| 382.0
6 | 0.1 | 1000 30 X 357.1 12.9
7 | 0.1 | 500 60 X 64.5 9.8
8 | 0.1 | 500 90 X 77.5 76.0
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