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Tab.1 Material parameters of spherical steel projectile
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Explicit Dynamics £ Ls-Dyna fi % 1R ff- i A5 400 5040 o
B, W15 3 B 0y Eak B AR AR A 508 X DR —
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&3 Gruneisen KIS HIESE
Tab.3 State equation parameters of the Gruneisen

" . PR .

bk i AL LI

Material Density p/(kg/m®) Elasticity modulus Poisson ratio v
E/GPa

N Steel 7 800 210 0.3

SV
Elastic wave

B 28 Gruneisen R %L

velocity V/(m/s) Slope coefficient S, Gruneisen coefficient y,

£2 2024-T2H RSB H
Tab.2 Material parameters of the 2024-T42

PR . JEAREE R
%5 Density  Elasticity i Melting Yield
3 Poisson
p/(kg/m*) modulus ratio v temperature strength
E/GPa T../K A/MPa
2700 71.1 0.3 775 293
MR NEREAE NRRARE Rk
ZF M Strain B4 N4 B N7 S8
hardening Strain Strain rate Temperature  Strain rate
coefficient  hardening sensitivity softening &y/s™!
B/MPa index n coefticient C  coefficient M’
737 0.58 0.04 1 3x 107
N3 5 BTN NAEERSE R
[ZERSE S GE GE GRS GRS
Material Stress Stress Strain rate  Temperature
constant D, influence influence influence influence
constant D,  constant D,  constant D,  constant Dy
0.04 0.36 -1.98 0 0
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Fig. 1 Finite element model of projectile and target
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Fig.3 Process of the projectile penetration circular tubes under initial velocity of 300 m/s
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Tab. 4 Residual velocities of projectile penetrating circular tubes
with different thicknesses and radius under initial velocity of 300 m/s
m/s

&/mm

R/mm 5 6 7 8 9

il ) Y vy Y ) I T N

30 1989 111.8 1357 -37.6 182 -163 -32.7 * -41.2
40 2115 122.6 157.8 -35.6 883 -279 -38.1 * -442
50 2139 1303 163.3 -34.3 1005 -31.2 -46.3 * -47.7
60 219.2 1354 172.7 -29.6 1084 -33.7 -482 * -493
70 220.6 139.5 179.5 -19.7 117.6 -33.7 -51.4 * =515

* * * * *
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Fig. 4 Process of projectile impacting circular tubes with a radius of
50 mm under initial velocity of 300 m/s
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Tab.5 Material parameters of projectile target

[ZEEE 5 Bl MRS Hfe

Material parameter Value Material parameter Value

m fkg 6.69x107 ¢,/(m/s) 5187

D/m 2.54x107 ¢/(m/s) 4868
py/(kg/m®) 7 800 G/GPa 27.3
p/(kgim?®) 2700 7 /MPa 293

xo6 BAELEFARBEERE LEERREELL
Tab. 6 Comparison of residual velocities of projectile penetrating

the upper wall of circular tubes with different thicknesses

[5]7 AE JEL THA LU o
. . . ! TR
Thickness Calculation Simulation Error/%
of tube §/mm velocity/(m/s) velocity/(m/s) v
5 215 213.9 0.5
6 175.9 163.3 7.7
7 117.5 100.5 16.9
8 — -46.3 —
9 — -47.7 —
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Tab. 7 Ballistic limit speed of circular tubes with different radius

b I A S ISR B AR R
Bt Upper surface Il S e g J FE Ballistic
Radius of breakdown critical Lower surface t’m’; velocit
tube R/mm velocity velocity breakdown critical v /() Y
Vo /(m/s) velocity v, /(m/s)
30 211 157.8 268
40 196.5 166.5 266
50 185 166.8 265
60 182.8 167.7 261.8
70 181 166.1 260
g 290 Vo ®=Vop - Vy
=
2
25 250t
L
= 2 230t
% E 200t
o 19+ ¥§.
2 10}
& ol T . . .
30 40 50 60 70

[51]f5*-4% Circular tube radius R/mm
5 AEREEEREERREE

Fig. 5 Ballistic limit velocity of circular tubes with different radius
2.4 [FIEEEE XS H 388 AR PR i B A 50T
SR A B SR AT ARV P BB A R i), 3 57 BE
JE£6 0 5~9 mm 24 50 mm 4R A 4 157 32 BRIE 49
siffe AR [ ELAE RN 8 K 6 R .
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Tab. 8 Ballistic limit velocity of circular tubes with different

thicknesses
R N .
5| A e JEL B o
PIREEE e figs LR
Thickness Ballistic limit
Upper surface Lower surface .
of tube velocity v,/

breakdown critical breakdown critical
S§/mm . . (m/s)
velocity v, /(m/s)  velocity v,,,/(m/s)

5 185 166.8 265

6 236.7 200.9 3242
7 275 233.1 376.7
8 316.8 262.5 4245
9 349.9 293.49 463.7

H T 6 Al Bl 40 A BE TR A 38, b
T TP AE B ) I R PR B LR MR I ol T AR T
P ety T i, A RE DA b A TR A EE Dy
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Fig. 6 Ballistic limit velocity of circular tubes with different

o

thicknesses
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Tab.9 Comparison of ballistic limit velocity of circular tubes with
different thicknesses

T AU i i

[ B B

=)
Thickness of Calculation Simulation E?ri%q
tube §/mm velocity/(m/s)  velocity/(m/s) ’
5 260.2 265 1.8
6 330.4 3242 1.9
7 388.2 376.7 3.1
8 446.3 424.5 5.1
9 505.8 463.7 9.1
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Abstract: To explore the penetration resistance of aluminum alloy tubes under spherical steel projectile impact, focusing on

the effects of varying tube radii and wall thicknesses on ballistic limit velocity, providing a foundation for tube protection design.

A finite element model of spherical steel projectile penetration into 2024-T42 aluminum alloy targets was established using

Ansys/Workbench software and the Johnson-Cook material model, which was then verified. Simulations of the response

characteristics of aluminum alloy tubes with different radii and wall thicknesses under normal impact of spherical steel

projectiles were conducted, along with an analysis of tube deformation and damage. The study found that the penetration

resistance of the upper and lower walls of aluminum alloy tubes differs, with the upper convex structure outperforming the lower

concave structure. A smaller tube radius enhances the penetration resistance of the upper wall, while for tubes of the same radius,

increasing the wall thickness leads to a roughly linear increase in the ballistic limit velocity of both upper and lower walls.

Key words: Aluminum alloy circular tubes; Spherical steel projectile; Penetration performance; Ballistic limit velocity;

Numerical simulation
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