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Fig. 1 Die drawing of sheet extrusion-shearing process (1—Billet; 2—Extrusion cylinder; 3—Extrusion ram; 4—Die; 5—

Base; 6—Support plate; I —Compression shear zone; Il —Ordinary extrusion zone): (a) 2D die appearance drawing; (b) 3D

die section drawing; (c) 2D die section drawing; (d) Local enlarged drawing of forming zone
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Fig. 2 Three-dimensional drawing and physical drawing of plate extrusion and shearing die structure: (a) 3D drawing of die

and enlarged drawing of forming area; (b) Die assembly drawing; (c) Actual die drawing; (d) Installation of die and extruded

magnesium alloy sheet.
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Table 1 Parameters used in numerical calculations

Name Value
Billet diameter/mm 39.8
Billet length/mm 80
Diameter of extrusion cylinder/mm 40
Extrusion ratio 8.33
Extrusion temperature/C 330, 370, 410
Thermal conductivity of billet and die/ 1"
(N-C'-S-mm™)
Friction factor 0.1,0.4
Extrusion speed/(mm-s™) 4
Total number of finite elements 32000
Minimum element size 0.7145

Simulation type ALE extrusion
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Fig.3 Temperature field distribution of sheet metal at different preheating temperatures: (a) 330 C; (b) 370 C;

(c) 410 C
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Fig.4 Evolution cloud of billet velocity fields during extrusion-shear process at extrusion temperature of 330 C:

(a) Compression shear zone; (b) Common extrusion zone; (c) Shear zone; (d) Extruded sheet
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Fig. 5 Evolution cloud of billet velocities fields during extrusion-shear process at different extrusion temperatures: (a)
330 C; (b) 370 'C; (c) 410 'C
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Fig. 8 Microstructures of magnesium alloy sheets formed by extrusion-shearing at different extrusion temperatures:

(a) 330 C; (b) 370 C; (c) 410 ‘C; (d) Sampling location
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Fig. 9 Microstructures of different forming zones of magnesium alloy during extrusion-shearing process at extrusion

temperature of 370 “C: (a) Ordinary direct extrusion zone; (b) Primary shearing zone; (¢) Formed sheet
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Numerical simulation and experimental study on continuous
extrusion-shear forming of AZ31 magnesium alloy sheets

GAN Song-lin', HU Hong-jun', ZHANG Hui-ling', YUAN Ting', ZENG Chao-wei',
ZHAO Jian-xing', ZHANG Ding-fei’

(1. School of Materials Science and Engineering, Chongqing University of Technology,
Chongging 400050, China;
2. School of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: In order to improve the mechanical properties of AZ31 magnesium alloy sheet, the extrusion-shear
composite deformation process was proposed by combining the characteristics of direct extrusion and continuous
shearing. The extrusion-shear forming process of sheet was simulated by DEFORM-3D software. The plastic
deformation mechaism was explored, and the evolution laws of temperature fields, velocity fields and forming
loads during the forming process were studied. The results show that the lager temperature rise is mainly
concentrated in the shearing zone during forming process, and the value of temperature rise is about 6 C. With the
increase of temperatures, the forming load decreases gradually, and flow velocities of metal quickens, and internal
flow velocities are obviously higher than those of outside. The microstructures of sheets are refined obviously
after extrusion-shear forming process. With the increase of temperature, the grains grow gradually. The hardnesses
of sheet surfaces prepared by extrusion-shear forming process increase obviously. When the extrusion
temperatures are 330 ‘C, 370 ‘C and 410 °C, the hardnesses of the formed sheets are 77 HV, 74 HV and 72 HV,
respectively. The extrusion-shear process is a new sheet forming process, which refines the grain sizes of sheets
and improves the mechanical properties of sheets.

Key words: magnesium alloy; sheet; numerical simulation; extrusion-shear plate; mechanical property
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