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Fig. 1 Schematic diagram of experimental sample dimensions:

(a) Quasi-static specimen; (b) SHPB specimen
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Fig. 2 Initial optical microstructure of studied AMS80 alloy
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Fig.3 Schematic diagram of Hopkinson pressure bar apparatus
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Fig. 4 Compressive true stress—true strain curves of studied

AMB0 magnesium alloy
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Table 1 J-C constitutive model parameters for AMBS80

magnesium alloy

A/MPa B/MPa n C

80.6 364.1 0.443 0.025
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Fig. 5 Geometric(a) and finite element mesh models(b) of

SHPB
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Table 2 Unit and node numbers of element mesh models for

SHPB

Unit Unit number Node number
Striker 7714 9648
Compressive bar 108228 134496
Specimen 53647 57700
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Fig. 7 Incident(a) and transmitted(b) strain waves of input and output bars at strain rate of 3650 s~
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Fig. 8 Mises equivalent stress distribution of stress wave during transmission of AM80 Mg alloy: (a) 200 ps; (b) 320 ps; (c) 350 ps;

(d) 450 ps
350
(@)
300
S 250}
% 200
2
21501
£
100 Experimental results
0 Fitting results
3 —— Simulated results
0 0.05 0.10 0.15 0.20
True strain

350

300

N
D
S

True stress/MPa
[3°]
(=)
(=)

100 Experimental results
Fitting results
50 —— Simulated results
0 0.05 0.10 0.15 0.20
True strain

9 AR K 1100 s~ F 3650 s~ I AMSO B5 2 S B AR ALL 45 R 55 Sz K 4002 45 SR L A
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Mechanical constitutive equation and simulation of
AMS80 magnesium alloy under high speed impact load

GUO Peng-chengl‘ 2 CAO Shu-fen!, YE Tuo"?2, LIU Zhi-wen"2, LI Shi-kangl’z, LI Luo-xingl‘ 2

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,
Changsha 410082, China;
2. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China)

Abstract: High speed impact experiments of a solution treated AM80 magnesium alloy were carried out with a large
strain rate range based on split Hopkinson pressure bar (SHPB) technique, the applied strain rates were 700, 1100, 2150,
2750 and 3650 s', respectively. The results show that the flow stress of the studied AM80 magnesium alloy increase with
increasing strain rate, demonstrating visible positive strain rate sensitivity. In addition, the flow stress increases
significantly when the applied load transfers from quasi-static to dynamic. A Johnson-Cook dynamic constitutive
equation is obtained by fitting the experimental stress—strain curves under various strain rates. The SHPB dynamic
compressions of the material were simulated by using ABAQUS software with the fitted Johnson-Cook constitutive
parameters. Calculated incident, reflected and transmitted waves were correlated with the stress—strain response of the
solution treated AM80 samples using two-wave analytical method. The stress—strain curves at different strain rates
obtained in the simulations were compared with the experimental and fitting stress—strain responses. The results show
that the numerical simulation results and fitting results based on the Johnson-Cook strain-rate dependent constitutive
model for the studied Mg alloy are basically in agreement with the experimental results, even the strain rate without in the
range for constitutive fitting. Furthermore, an obviously large difference is detected at high strains as compared with that
at low strains due to the neglect of local temperature rise under high strain rate loading.

Key words: AM80 magnesium alloy; strain rate sensitivity; Johnson-Cook constitutive equation; numerical simulation
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