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Fig. 1 Schematic diagrams of shear mode with two passes of equal-channel angle extrusion and deformation of each planes:

(a) First pass; (b) Second pass
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Fig. 2 Die structures of ES process with pre-deformation cone angle of 50°
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Table 1 Main parameters of finite element analysis and experiments

Parameter Value Parameter Value
Extrusion ratio 12 Radius of turning angle/mm 3
Billet length /mm 245 Length of working belt/mm 5
die land length /mm 250 Preheating temperature of billet/C 380
Billet diameter/mm 80 Preheating temperature of die/'C 350
Extrusion cylinder diameter/mm 80 Friction factor of container-billet interface 0.7
Heat transfer coefficient between tooling and billet, 0.02 Heat transfer coefficient between tooling 1"

N/(C-s-mm?)

and billet, N/(C -s-mm?)

F2 BEOSMEEE MM H
Table 2 Main properties and parameters of magnesium alloy and secondary phases®~!
Parameter Value
Poisson’s ratio 0.35
Coefficient of linear expansion/C ™" 26.8x107°
Density/(kg-m™) 1780
Emissivity 0.12
Elastic modulus/GPa 45
Lattice parameters of Mg, Al, /A 20.19
Bulk modulus of Mg,,Al,,/GPa 443
Enthalpy of formation of Mg ,Al,,/(kJ/ ‘mol™"-atom™) -3.78
Heat capacity of Mg,,Al,,/(J-mol ""K™") 24.4
Linear thermal expansion of Mg ,Al,,/'C™! 23.9x107°
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Fig. 3
during ES and direct extrusion with billet preheated at
380 C

Force-stroke curves of AZ61 magnesium alloy
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Fig. 4 Cumulative strains evolution of ES process at different stages: (a) Compression reduction area; (b) Direct extrusion

zone; (c) Primary shear zone; (d) Secondary shear zone
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Fig. 5 Strains distributions of longitudinal sections of billets preheated at 380 “C: (a) ES process; (b) Ordinary direct

extrusion
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Fig. 6 Evolution of irregular second phases in magnesium alloy billets during ES process: (a) Hexagon surrounded by six

selected points assumed to be second phase particle; (b) Slightly elongated and rotated hexagon in compression reduction

zone; (c) Further elongated and rotated second phase particles after primary shear; (d) Continually elongated second phase

particles after secondary shear
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Fig. 8 Optical microstructures of magnesium alloy treated by ES process (a) and ordinary direct extrusion (b)
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Effect mechanisms of extrusion-shear on microstructures and
physical fields evolution of magnesium alloy

ZHANG Hui-ling', HU Hong-jun', ZHANG Wei', ZHAO Hui', ZHANG Ding-fei

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

Abstract: Based on the characteristics of direct extrusion and multi channels extrusion, the extrusion and shear
(ES) was proposed to optimize the microstructures of magnesium alloy rods, and the ES deformation composite
die suitable for industrial horizontal extrusion machine was manufactured. The ES extrusion and ordinary
extrusion experiments have been carried out. The three dimensional finite element thermodynamic coupling model
and conditions of ES extrusion and ordinary extrusion were established to simulate the evolution of extrusion
pressure and cumulative stresses and strains during ES process. The microstructures evolution were studied by
metallography, transmission and scanning electron microscopy. The results show that, according to the analysis
about the values of forming forces, ES process can be divided into four stages, and three of which have little
change of extrusion force. The extrusion forces of ES process is about 1.67 times that of ordinary direct extrusion.
Compared with ordinary direct extrusion, ES process can greatly increase the cumulative strains of magnesium
alloy, and the maximum strain is increased to 3.8 times. ES process can refine the alloy, improve the morphology
and distribution of § phase and refine the grain sizes. ES process can refine not only the surface grains but also the
center grains in the rods. The more the dynamic recrystallized grains and deformation dislocations, the finer the
recrystallized grains. The main reason for multiple dynamic recrystallization of magnesium alloy is shear caused
by ES die with shearing angles. During the process of ES deformation, the second S-phase has shearing and nailing
action against the matrix alloy.

Key words: wrought magnesium alloy; ES deformation; microstructure; dynamic recrystallization; stress state
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