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Fig. 1 Experimental layout Fig. 2 Cylindrical shell free beam samples
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Fig. 3 Morphology of perforation for cylindrical shell free beams with different diameters

when the collision velocity is about 2 km/s
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Table 1 Material parameters

B o/(kg*m™*) G/GPa A/MPa B/MPa n C m s oco/CkmesT) Y,
2A12 45 2 780 27.6 265 426 0.34 0.015 1.0 1.34 5. 330 2.0
304 44 7 830 77.0 332 245 0.36 0.022 1.0 1.92 3.570 1.67
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Table 2 Simulation results

No. D/mm H/mm v/(km e+ s 1) d,/mm d./mm

1 30 3 2.2 6.5 6.0

3 30 3 3.2 9.4 8.4

4 40 3 2.2 6.4 6.0

) 40 3 3.2 8.5 8.4

6 40 2 2.7 7.7 7.3

7 48 3 2.2 6.3 5.8

9 48 3 3.2 8.5 8.0
10 60 3 2.2 6.0 5.8
12 60 3 3.2 8.1 7.5
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Fig. 4 Comparison of simulation and experimental results
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Table 3 Comparison of simulation and experiment results

d,/mm d,/mm
D/mm v/(km s ")

SR AL SR LX)
30 2.10 7.9 6.2 7.4 6.0
40 2.06 7.5 6.1 7.4 5.9
48 2.10 7.3 6.1 6.7 5.9
60 2.06 7.2 6.0 6.5 5.8
60 1. 80 7.2 6.0 6.5 5.0
60 2.30 7.2 6.2 7.0 5.9
60 2.58 8.4 6.8 7.5 6.5
60 2.71 8.4 7.0 7.8 6.5
60 3. 30 8.9 8.6 7.9 7.7
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Fig. 5 Perforation diameters of experiment and simulation
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Fig. 6 Perforation diameters of cylindrical shell free beam varying with impact velocity
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Fig. 8 Perforation diameter of cylindrical shell free beam varying with thickness of cylindrical shell thickness
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Perforation characteristics of cylindrical shell free beam
under high-speed impact

Tang Enling, Shi Xiaohan, Wang Meng, Wang Di, Xiang Shenghai,
Xia Jin, Liu Shuhua, He Liping, Han Yafei
(School of Equipment Engineering » Shenyang Ligong University ,
Shenyang 110159, Liaoning, China)

Abstract: In order to study the perforation characteristics generated by a spherical 2A12 aluminum
projectile impacting cylindrical shell steel free beams at high-speed, the experiments of a spherical
projectile loaded by a two-stage light gas gun impacting cylindrical shell free beams were performed.
Simulations were carried out to study different factors such as projectile speed, cylindrical shell diame-
ter and thickness that influence the perforation diameter. Our simulation and experimental results are
basically consistent. An empirical correlation of perforation diameter and related parameters was de-
duced combining dimension analysis and simulation. The results show that the radial and axial perfo-
ration diameters increase with the increase of the impact velocity when the thickness and diameter of
the cylindrical shell remains unchanged; the radial and axial perforation diameter decreases with the
increase of the diameter of the cylindrical shell when the projectile velocity and thickness are remain
unchanged; the radial and axial perforation diameters decrease with the increase of the cylindrical shell
thickness when the projectile velocity and cylindrical shell diameter remain unchanged.
Key words: mechanics of explosion; perforation diameter; two-stage light gas gun; cylindrical shell
free beam; ANSYS/LS-DYNA software; dimension analysis
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