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Finite element analysis of homogeneous deformation of
AZ31 magnesium during equal channel angular pressing process
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Abstract: The effective strain size and distribution of AZ31 magnesium deformed by equal channel angular pressing

(ECAP) for different die corner angles were investigated through the finite element simulation. The effect of the stain

distribution in pressed workpiece on the microstructure and mechanical properties of the pressed workpiece was explored

by optical observation and micro-hardness testing. The results show that the effective strain distribution in the samples is

more homogeneous at 20° than those at other angles. After the AZ31 magnesium alloy is processed by ECAP, its

microstructure is significantly refined and its mechanical property is improved, but the distribution of the grain size and

micro-hardness in the cross-section of the pressed samples is inhomogeneous. The inhomogeneous distribution of the

effective strain is one of the main factors that lead to the uneven microstructure and property.
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Table 1 Simulations parameters of round-section channel of ECAP process for AZ31 magnesium

Temperature/ Punch speed/(mm-s™") Time increment/s Friction factor ~ Channel angle, ¢/(°) Corner angle, y/(°)
250 1 0.25 0.2 90 0
250 1 0.25 0.2 90 20
250 1 0.25 0.2 90 37
250 1 0.25 0.2 90 90
Effective strain
2 ECAP 3:30 I
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2 2.63 H
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Fig.2 Schematic diagram of A4-4 cross-section setting on

ECAP processed samples
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Fig.3  Effective strain distribution in longitudinal cross-
section of AZ31 magnesium samples processed by ECAP for

different corner angles
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Fig.4 Effective strain distribution in 4-4 cross-section of AZ31 magnesium samples processed by ECAP for different corner angles:

(a) y=0%; (b) y=20°; (c) y=37°; (d) y=90°
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Table 2 Equivalent strain inhomogeneity index across section

A-A in steady-state zone

Corner angle,

Emax Emin EAV G
wi°) )
0 2919 1.366 1.652 0.94
20 1.351 1.131 1.228 0.179
37 1.235 0.762 1.048 0.451
90 1.164 0.649 0.883 0.583
w=20°
3 AZ3l ECAP
3.1
d 12 mm><70 mm
AZ31B ECAP
MOSZ
YL-32
5(a) 5(b) ()
5 AZ3l
Fig5  ECAP equipment for AZ31 magnesium(a) and

simulation(b) and experimental(c)

processed

samples
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Fig.6 Optical microstructures in 4-A4 cross-section of AZ31 magnesium alloys unprocessed and processed by one pass ECAP:
(a) Unprocessed sample; (b) Point a; (c) Point b; (d) Point c¢; (e) Point d; (f) Point e
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Fig.7 Grain size distribution in 4-A4 cross-section of AZ31

magnesium alloys processed by one pass ECAP
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