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Introducti on

In recent years, more attenion has been paid to the forming process of wrought magnesium aloys since most structural components made from
magnesium dloys, such as sheets, bars, pipes and profiles, can only be produced by plastic deformation. However there are still many problems in te
extrusion process to produce profiles, especialy high precision profies,in magnesium aloys. For example, defects such as splits, folds and distortions may
occur in the extrusion process. In this study, numerical simulation, based on the Finite Element Method (FEM), combined with the orthogona experimenta
method, has been conducted to invesigate the effect of various parameters, such as the extrusion ratio, extrusion temperature and extrusion speed, on the
extrusion process of a fan-shaped profile of a magnesium aloy AZ31. Optima parameters are obtained according © the stress state resuts which can
obviously decrease the formation of defects. Microstructurd anayses on the extruded alloys have aso been undertaken to verify the reliahility of the
numerica analysis. Equiv alent stress simulation analysis Optimal extrusion parameters

. . . of products at the die exit
Numerical simulation model

Svalue

Workpiece
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Fig. 4 Histogram of S value (mean-
squar e deviation of the effective stress),
calculated based on the results shown
in Fig. 3.

The optima extrusion processing
parameters are correspondng to

Fig. 3 Hfective stress contour maps for different extrusion parameters the smallest S value, which
= (ratio-speed-tem perature). ~ Curves with different colors represent the [epresents the level ~ of
i, s distribution of different effective stress values shown on the top right corner ~ inhomogeneous stress distribuion.

Fig. 2 Giwu ustuiuun anu veiwd ity cumuur ur nir eerial step. - h 3
of each figure. FEM simulaion resuls suggest

- . ] _— - that it is at condiion No. 7:
The metal fow velocity in the centre is larger Both the effective stress distribuion andits ihomogeneous level

than that near the die orifice, and their difference on the cross section of the bilet are difierent under the dfferent
decreases withincreasing incremental steps. extrusion parameters when the billet is extruded away from the
die avit The as-cast microst
intermetallic particles
there was a coarse and uneven distribuion of a-Mg
grains, together with a relaively uniform dstribuion of
fine particles (~35 nm) within the a-Mg, Fig. 5(b). After
the second extrusion, there was a significant reducton
of a-Mg grain size and an obvious decrease in the
particles size (~25 nm), Figs. 5(c) and (d). Although the
overall grain size in the alloy under the extrusion

parameter No. 7 (Fig. 5(c)) was coarser than that of

. parameter No. 5 (Fig. 5(d)), the size distibution of the

o-Mg grains was more uniform. This appears to be
n . associated with the significantly lower S value under the

! parameter No. 7, shown in Fg. 4, which represents the
lower level of an inhomogeneous stress distribution (i.e.

less stress concentration). Fan-shaped bars extruded

Extrusion ratio = 18.4
Extrusion speed = 8 mmk
Extrusion temperature = 350°C

Extrusion microstructures
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(a)Ascast (b) 1stextusion

(d) 2nd extruson e) Fansheped bars extrud .
under No 7 under the optimal parameter No. 7 were of an excellent

Fig.5 Optical and TEM photos showing micr ostructures of the AZ31 alloy at different stages in the extrusion proc&idality, Fig. 5(e).

Summary

Numerical simulation, based on the Finite Element Method (FEM), has been conducted toinvestigate the effect of extrusion parameters, on the extrusion
process of a fanshaped profie of a magnesium alloy AZ31. Itis found that the optimal extrusion processing parameters are at extrusion ratio of 18.4,
extrusion rate of 8 mm/s and extrusion temperature of 350°C, which is correspondng to the lowest level of inhomogeneous stress dstribution.
Microstructural analysis of the fan-shaped extrusion bars processed with the optimal extrusion parameters shows it has a more uniform size distribution of
the o-Mg grains, which can significantly decrease the amount of defects in the products and improve the productivity.
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