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Table 1 Material parameters of Johnson-Cook constitutive model

Material A/(GPa) B/(GPa) n C m T./(K) T,/ (XK)
2017-T4 Al 0.270 0.426 0. 34 0.015 1.0 300 775

5052 Al 0. 265 0.426 0. 34 0.015 1.0 300 650

5A06 Al 0.265 0.426 0. 34 0.015 1.0 300 864
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Fig. 3 Numerical simulation results and experimental results
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Fig.5 Debris cloud configurations for different impact points
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Table 2 Velocity of debris clouds as palpus for Table 3 Residual kinetic energy of projectile for
different impact velocities different impact velocities
0/ (km/$)  Vgon /(KM/$)  Veore / (kM/8)  (peome —0) = v ' /(%) v/ (km/s) Ew /(D E./ (D Ev\/Ey
2.2 2.60 2. 20 18 2.2 221 175 0.79
3.2 3.75 3.25 17 3.2 470 372 0.79
4.2 5.20 4.45 23 4.2 810 640 0.79
5.2 6. 40 5. 30 23 5.2 1240 990 0. 80
6.2 7.70 6. 10 24 6.2 1760 1420 0.81
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Fig. 6 Combination modes of Al mesh bumper
XF T E A 2SR B 4 B SO LT R RO 5 A A T 4 R0 7 4 B N X R AR R, X T A A
& AR R B 57 B 2 O 2. 2 km/'s I 5 AUOR B A R, Q018 7 Ca) BT s o T A HG g R
I 5L A A R 2 43 A A0 P 7 (o) i 7 0 B 5 i X8 om0 19X B3 477 5 7 A1 3 IF %o 588 AL 114 5 o g



55 5 AN IG5 A SR TR L v ST AR S IS 47 5 A B A A ) (B R LT Y 675

IR T E A B AR R B 457 . TR SRRy = AT T AL R A o 5 B R I By 4 5 BT AR
8 L AR B 2 [R5 AT A A ek 5K R R

Side view Back view Side view Back view

(a) No fragmentation (b) Fragmentation

P 7 g o S i AU R B 4 R R R A

Fig. 7 Debris clouds configurations for high-velocity impacting on Al mesh bumper with interleaving combination
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Table 4 Residual kinetic energy of projectile for different combination modes of Al mesh bumper

v/ (km/s) Ew/(D Ew/(D Ew/(D
2.2 221 175 171
3.2 470 372 361
4.2 810 640 620
5.2 1240 990 955
6.2 1760 1420 1360
4 45 &
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Numerical Simulation of Al Sphere Fragmentation under High-Velocity
Normal Impacting Aluminum Mesh Bumper

GUAN Gong-Shun,NIU Rui-Tao,PANG Bao-Jun
(Department of Astronautics Engineering , Harbin Institute of Technology , Harbin 150080 ,China)

Abstract: Numerical simulation of aluminum sphere projectile high-velocity impacting aluminum mesh
bumper was conducted with Smoothed Particle Hydrodynamics (SPH) arithmetic of LS-DYNA. The
relationship between the debris clouds characteristic of projectile and the impact position on aluminum
mesh bumper was studied. The effect on fragmentation of projectile from different combination mode
of aluminum mesh bumper was analyzed. The results indicated that the debris clouds configuration
from aluminum sphere projectile impacting aluminum mesh bumper was different with the different
impact position on aluminum mesh bumper. The debris clouds as palpus was found in the front of pro-
jectile debris clouds. Some local kinetic energy concentrated appeared in the debris clouds. When a wire
across point position was impacted, projectile debris clouds expand to form film configuration, and
debris clouds distribution was more uniform. When aluminum mesh bumper was combined with inter-
leaving mode, projectile debris clouds had more diffuse area and less residual kinetic energy. Aluminum
mesh bumper combined with interleaving mode was helpful in enhancing the protection performance of
shields.

Key words: aluminum mesh bumper;high-velocity impact;fragmentation;debris clouds;simulation
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