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Fig.3 Photograph and dimensional diagram of the quasi-static tensile specimen (Unit: mm)
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Fig. 4 Photograph and dimensional diagram of the quasi-static irregular shear specimen (Unit: mm)
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Table 2 Material parameters for AZ31B magnesium alloy

0o/ (kg-m™) E/GPa v T./K T,/K b% c,/(J-kg"-K™)
1780M% 4508 0.340'%1 923 293 0.9 10205
Co/(m-s™) S, Iy C C, C; C,
451654 1.25684 1.4304 0.40 0.32 0.020 (—0.113)B" —1.803 (2.544)B1
AJ/MPa B, n AJ/MPa B, ng W,
170 56740 0.058 70 255 0.358 3.657
B, W, s B! & m m,
4.617 1.064 0.2013 0.001 0.08 1.476 4.384

Note: The values in parentheses are the failure parameters when the temperature is greater than or equal to 573 K.
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Fig. 15 Comparison between theoretical and calculated stress-strain curves for one element
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Fig. 16 Comparison of numerically predicted residual velocity

with the test data for 25 mm thick AZ31B magnesium
alloy plate struck by 0.5-cal FSP bullet
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Table 3 Comparison between the ballistic limits predicted by the present model and obtained by test data (0.5-cal FSP)

a P

Vp/(m-s7h)

Present model Test data

0.4924 1.839

523 507

(a) Impact surface

(b) Rear surface

FE 17 BAUASRI 0.5-cal FSP Fifidi# i 25 mm J& AZ31B £G4 MM HEAR AR 5150 45

Fig. 17 Comparison of numerically predicted failure pattern with the test result™?!
for 25 mm thick AZ31B magnesium alloy plate struck by 0.5-cal FSP bullet
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Fig. 18 Comparison of numerically predicted residual velocity

with the test data for 38 mm thick AZ31B magnesium alloy
plate struck by 20 mm FSP bullet
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Table 4 Comparison between the ballistic limits predicted by the present model and obtained by test data (20 mm FSP)

Vp/(m-s7h)

a P
Present model Test data

498 477

(a) Impact surface

(b) Rear surface

19 UL 20 mm FSP T3t 38 mm JiE AZ31B 64 & U AR BB 5 150 45 5 1 X L
Fig. 19 Comparison of numerical predicted failure pattern with the test result®”
for 38 mm thick AZ31B magnesium alloy plate struck by 20 mm FSP bullet
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BAL R 13.4 g, AZ31B B4 A MM o 25 mm, BLA% K 12.70 mm., Jiif 13.4 g 1 0.5-cal FSP
THXF 25 mm JE 1Y AZ31B B A AR 0 s ALY ©AE 4.2 T AT T BUEEA L

PRl 21 25 M7 BSOS 8L T B AN [R) FE IR 3 Sk 7 639 my/s 3 BT ool 0 Bl Bs A i O mE SR S . AT
UL, S R AR 33k 7= A B R SR [] 2 - Sk g g o B0 AR 1l 19 o SE AR T A 24 AR BLAR, Pk Sk i i
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0.5018 1.819
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Fig. 20 Schematic diagram of bullets with different nose shapes (Unit: mm)
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Fig. 21 Numerical predictions of failure patterns for 25 mm thick AZ31B magnesium alloy plate
subjected to impact of different nose shape bullets
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Table 5 Ballistic limits under different bullet impacts

Bullet a P Vi /(m-s7h)
Flat-nosed projectile 0.5417 1.550 560
Hemispherical-nosed projectile 0.6149 2.200 467
Ogival-nosed projectile 0.8591 2.390 422
Conical-nosed projectile 0.8919 2.105 414

4.5 ELWEEHIF MW
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4 mm AEFRL APl PR BE o P 22 25 H T SRR DL TN A9 AN AR DR 5 Sk b ol T AR A T 4 7 IR
FEAL, A SR o R 24O 150 ms
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(a) 0.5-cal FSP projectile

(b) Flat-nosed projectile

L *

(c) Hemispherical-nosed projectile

(d) Ogival-nosed projectile

L TR

(e) Conical-nosed projectile
B 22 FUEAATRIN A AR F oS 4 mm JE AZ31B 856 &MU A R B PR AR 2
Fig. 22 Numerical predictions of failure patterns for 4 mm thick AZ31B magnesium alloy plate

subjected to impacts of different nose shape projectiles
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Numerical Study on Response of AZ31B Magnesium Alloy
Subjected to High-Velocity Projectile Perforation

ZHOU Tao', LIU Yijun', WANG Zihao®>, YANG Kaihua'

(1. College of Civil Engineering, Guizhou University, Guiyang 550025, Guizhou, China,
2. CAS Key Laboratory for Mechanical Behavior and Design of Materials,
University of Science and Technology of China, Hefei 230027, Anhui, China)

Abstract: Magnesium alloys have been widely utilized in the automotive, aerospace, and electronics
industries. In this paper, a dynamic constitutive model for metal was developed and integrated into a
VUMAT user subroutine to precisely predict the behavior of AZ31B magnesium alloy subject to high-
velocity impact. Quasi-static smooth round bar tensile test and irregular shear test were conducted using a
universal testing machine. Finite element models were developed in ABAQUS/EXPLICIT to numerically
simulate these tests and to calibrate the relevant parameters of the strength model and failure criteria for
AZ31B magnesium alloy. To validate the accuracy and applicability of the present model, the numerical
results for 0.5-cal FSP bullet and 20 mm FSP bullet impacting AZ31B magnesium alloy plates were
compared with test observations. It is found: the ballistic limit and perforation failure pattern of the plate can
be accurately predicted by the present model; the failure mechanism of AZ31B magnesium alloy plates is
influenced by projectile nose shape, with the highest ballistic limit corresponding to flat-nosed projectile and
the lowest corresponding to conical-nosed projectile; the failure patterns are dependent on plate thickness,
1. e., shear failure occurs in thicker plate, while bending deformation and petal-like tearing failures are domi-
nated in thinner plate.

Keywords: AZ31B magnesium alloy; dynamic constitutive model; projectile perforation; failure pattern
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