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Fig. 2 Orientation map(a) and pole figures(b) of rolled AZ31 magnesium alloy sheet used for experiment
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Table 1 Geometric dimensions of strike bar, incident bar and

transmitter bar
Bar Diameter/mm Length/mm
Strike bar 12.5 200
Incident bar 12.5 900
Transmitter bar 12.5 900

SHPB S 46 38 i 1 536 N\ 5 #F B2 5341 H 1R R g
B, HARME—4ERERR, LT AR A ATZ
BN T o, (2) ~ NAR g, () B NAZTRE £ (¢) -

X0 =f—js[si(t)+er(z)+st<r>] ()

60 =52 [ [,0)- 2, () 2, (0K @)
S 15 0 1 T t

G

40 = 2{a0-50-50) 3)

K g0 &) 5 e () 7 RFRRNIH 5IEF AT
F AR P A RARAE s Co 9 AT R — St 3
W, i Cy =Ep, WHAFH, py WIEFFEE: I
5 A5y IFR AR KRB 4 R0 E il 3R
7 FEFF PR 1 T AR AT i P A i 14

Xf ND+ 45°F1 RD =Fm# 7 MK AZ31 %464
RFE AHEAT AR R 700 57" 1000 s ' 1300 87
11600 s ) SHPB SEX, 7E S50 it AL 5 R A1)
P o T PR A/ B RRACAR A I AR, AT PR
fi g TH A PR PR TP AR iy SEBO RS 2 . AZ31 B4
AN F N7 ) FOAS [ R AR T8 6 1) B8 ) — B AR
Mk 3 frs .

P 3 S N - AR AR T A, 2
AR A 700~1600 s~ i FEl AL, %45 Hh kY
BIESDCHIRES « U 7 [F 4 RD B LS 7] — 3L N AR
LI NMBL,  HIZeAIURTR 7 I T 8O B R R4
a8, RO EENERREE, FALR I 7E R AL N
0.025 ) EFE R B A5, P (1012} Bifdhas g
FEZRARE UG£, 3R 7 o ND Al 458
BN S - N AR IR A AR B R AL R R, R 2
I B S D PR B Bt

LIS AZ31 AL ANEINEJ7 M SHPB 525
ok AR g M AR T B B (¢ =0.001) A ¥ 1 AR T [ B
(&=0.05)3 . 7] Bl R AR TR AR OC R W 4 B

H I 4 BTN, MERAT 7 ND B, SR R A

500} @
400
[T
p
%300
=
2200 - —a—700s""!
& —e—10005"!
100 +1300 Sil
—v—16005s"!
0 0.04 0.08 0.12 0.16
True strain
500
(b)
400 +
<
[a W)
2300}
8
0200}
E —a—700s"!
——1000s7!
100 | —A—13005s"!
—¥—16005s"!

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
True strain

500
(©
400 |
[a]
[-™
% 300 F
5
o 200 -
& —a—7005s"!
——1000s"!
100 —A—13005"!
—v—16005s!
0 0.04 0.08 0.12 0.16

True strain
B 3 HLHIES AZ31 BEA S AN EINETT R RN - E
V&2
Fig. 3 True stress—strain curves of rolled AZ31 magnesium

alloy loaded along different directions: (a) ND; (b) 45°; (c) RD
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Fig. 4 Relationships between true stress and strain rate of
rolled AZ31 magnesium alloy loaded along different directions
during elastic and plastic deforming stages: (a) ND; (b) 45°;
(c)RD
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Fig. 5 Relationships between peak stress, yield stress and
strain rate of rolled AZ31 magnesium alloy loaded along

different directions: (a) ND; (b) 45°; (c) RD
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Fig. 6 Strain hardening rate—true strain curves of rolled AZ31
magnesium alloy loaded along different directions: (a) ND;

(b) 45°; (c) RD
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Fig. 7 True stress—strain curves and fitting curves of rolled
AZ31 magnesium alloy loaded along different directions at
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Fig. 9 Finite element model of SHPB experiment
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High strain rate deformation behaviors experimental study and
numerical simulation of rolled AZ31 magnesium alloy loaded along
different directions

CHEN Yang, MAO Ping-li, WANG Zhi, LIU Zheng, WANG Rui-feng

(School of Materials Science and Technology, Shenyang University of Technology, Shenyang 110870, China)

Abstract: In order to investigate the isotropic behavior of rolled AZ31 magnesium alloy sheet under high strain rate
deformation, the Split Hopkinson Pressure Bar (SHPB) experiments were carried out along normal direction(ND), 45°and
rolling direction(RD) at an average strain rate of 700 s ', 1000 s ', 1300 s ' and 1600 s ', respectively. Based on the
experiment results of SHPB, Johnson-Cook constitutive equations of different deformation directions were established.
The numerical simulation of SHPB was carried out by jointly using of preprocessing software Hypermesh and explicit
dynamics simulation software LS-DYNA. Both experimental and simulation results showed that the rolled AZ31
magnesium alloy along RD has higher deformation ability and the yield stage in true stress—strain curves is more obvious
than the other two directions. While ND shows obvious positive strain rate hardening effect and strain rate sensitivity.
True strain—time curves and true stress—strain curves obtained by post-processing of numerical simulation are well
agreement with the SHPB experimental results. Johnson-Cook constitutive equation parameters of rolled AZ31
magnesium alloy along different loading directions have high precision.

Key words: AZ31 magnesium alloy; high strain rate deformation; isotropic behavior; Johnson-Cook constitutive

equation; numerical simulation
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