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Numerical simulation of dynamic behavior of
extruded AZ91D magnesium alloy based on SHPB experiment
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Abstract: Dynamic compression experiments of extruded AZ91D magnesium alloy at three different strain rates were
carried out based on split Hopkinson pressure bar (SHPB) technique, and a Johnson-Cook dynamic constitutive equation
was obtained by fitting the experimental data. The SHPB dynamic compression of the material was simulated by using
LS-DYNA software with the fitted Johnson-Cook constitutive parameters. Calculated incident, reflected, and transmitted
waves were correlated with the stress—strain response of the extruded AZ91D sample using two-wave analytical method;
the stress—strain curves at different strain rates obtained in the simulations were compared with the experimental and
fitted stress—strain responses. The results show that the strain rate sensitivity of the extruded AZ91D Mg alloy increases
with increasing the strain rate from 400 s ' to 1000 s . The numerical simulation results and fitted results based on the
Johnson-Cook strain-rate dependent constitutive model for the extruded AZ91D Mg alloy are basically in agreement with
the experimental results.
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Fig. 1 Microstructure of extruded AZ91D Mg alloy
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Fig. 2 Schematic diagram of SHPB system
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Fig. 3 Stress—strain curves of extruded AZ91D alloy under

different strain rates
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Table 1 Unit and node numbers of finite element model for
SHPB

Unit Unit number Node number
Striker 5760 6727
Compressive bar 34560 39494
Specimen 9000 10261
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Table 2 Johnson-Cook (J-C) constitutive model parameters

for AZ91D magnesium alloy
A/MPa B/MPa n C m
164 343 0.283 0.021 0
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Fig. 6 Incident and reflected strain waves at input bar
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Fig. 10 Mises equivalent stress during unloading period of specimen at 372 ps
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Fig. 11  Stress vs time curves of different units on specimen
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