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Numerical Analysis of Anti—penetration Property of Magnesium Alloy
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Abstract The weight of weapons is a very important factor in the quick response capability in battlefield, it has paid much attention and
strict requirements are posed in modern high technology warfare. The developed countries have invested huge amount of money in studies
on lightweight structural materials as well as the advanced manufacturing technology to reduce the weight of weapons and equipment,
improve their mobility, increase the number of bombs carrying and the amount of the field aid system and even improve the survival and
combat capability of soldiers and weapons in battlefield. Magnesium alloy is an ideal material to be used in reducing the weight of
weapons. In accordance with the ballistic performance of AZ31B magnesium alloy, three types of projectile penetration target plate models
are established by numerical simulation. The general process of magnesium alloy being perforated is studied. The ballistic performance of
magnesium alloy is analyzed comparing with aluminum alloy and steel made target plates under the same area density. It is shown that the
ballistic performance is closely connected with the penetrator parameter and the target thickness.
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Table 2 Input data for AUTODYN-2D simulation
pl(g em™) EJGPa  A/MPa  B/MPa n C m T,./K
AZ31B 1.78 16.5 220 — — — — —
5083 2.7 27 167 596 0.551  0.001  0.859 893
4340 7.83 77 792 510 0.26 0.014 1.03 1793
17 160 1506 177 0.12 0.016 1.00 1723
30CrMnSi 7.85 80 1600 275 0.36 0.022  1.00 1811
3 AZ31B .5083 2 o , s
4340 ,SPH 1 o , , )
2 3 ,
2.1 7.62mm , , o
7.62mm s 3 3,
22.24mm, 500~900m/s ,AZ31B 15mm, )
, 9.49 , ) )
3.41mm, 500m/s -
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(a) 7.62mm (b) (c)

(a) 7.62mm armour-piercing projectile (b) Spherical fragment (c) Long-rod projectile
1 SPH
Fig. 1 Computational model of SPH

1h}-

(a) 13.5us (b) 24.9us (c) 50.1us (d) 72.0us (e) 112.6us
2
Fig. 2 Simulation results of armour piercer penetrating a magnesium alloy target at different moments
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3 ( .m-s™)
Table 3 Residual velocities of armour piercer perforating
targets of different materials (unit: m-s™)

».. \ S
‘ - 500m/s  600m/s 700m/s 800m/s 900m/s
v ’ .

AZ31B 352 482 596 717 819
5083 382 488 601 715 825
4340 392 504 611 720 829
(a) (b)
(@) Aluminium alloy target (b) Steel target 5
3 9 9
Fig. 3 Simulation results of armour piercer 3 4 ’
erforating target plates ' '
P g fargetp 700m/s s
2.2 s o ,
10mm  30CrMnSi s o
700~1100m/s, AZ31B 20mm, 2.3
, 13.19mm  4.55mm, 50mm, 20mm  30CrMnSi
1000m/s s 800 ~1600m/s AZ31B
4 R , , 40mm), s
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(a) 4.2us (b) 15.1us (c) 35.2us (d) 53.5us (e) 71.8us

4
Fig. 4 Simulation results of spherical fragment penetrating magnesium alloy target at different moments

4 ( :m-s™)
Table 4 Residual velocities of spherical fragment
perforating targets of different materials (unit: m-s)

700m/s  800m/s 900m/s 1000m/s 1100m/s

l- ¢ e
(a)

AZ31B 209 363 473 560 687
5083 208 332 455 581 666
4340 236 341 429 487 549
(b)
(a) Aluminium alloy target (b) Steel target
5 o 7 ,
Fig. 5 Simulation results of spherical fragment perforating , o
3 5, s
26.37mm  9.09mm, 1400m/s 800m/s s s
6 , , s ,  1600m/s s

(a) 6.6us

(b) 20.3us (c) 41.2us (d) 69.0us (e) 96.9us

6
Fig. 6 Simulation results of blunt projectile penetrating magnesium alloy target at different moments
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(a) Aluminium alloy target
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(b)

(b) Steel target

Fig. 7 Simulation results of blunt projectile

5

perforating targets

(

:m-s™)

Table 5 Residual velocities of blunt projectile perforating

different targets of material (unit: m-s™)

800m/s  1000m/s 1200m/s 1400m/s 1600m/s
AZ31B 598 763 962 1131 1313
5083 573 734 915 1094 1270
4340 548 720 897 1082 1272
3
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