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Homogeneity of microstructure and mechanical properties of ZK60
magnesium alloys fabricated by high strain rate triaxial-forging

WU Yuan-zhi"*, YAN Hong-ge?, ZHU Su-qin®, CHEN Ji-hua?, LIU Xian-lan', LIU An-min"*

(1. Department of Mechanical Engineering, Hunan Institute of Technology, Hengyang 421002, China;
2. School of Materials Science and Engineering, Hunan University, Changsha 410082, China;
3. Institute of Advance Manufacturing Technology, Hunan Institute of Technology, Hengyang 421002, China)

Abstract: Triaxial-forging of ZK60 magnesium alloy was conducted on air hammer, and the microstructure evolution
and the homogeneity of microstructures and properties were investigated. The result show that inhomogeneous
deformation is detected in the forged specimen due to the friction between the hammer and specimen, and the actual
deformation at the central part of the specimen is extensively larger than that at other part. A mixed structure of
honeycomb-like coarse dynamic recrystallization (DRX) grains and island-like ultrafine DRX grains are obtained at the
central part of the specimen at accumulated strain ) Ae of 3.3, while the structure at the edge part of the specimen consists
of honeycomb-like coarse DRX grains and island-like twins. The ultimate tensile strength (UTS) decreases while the
ductility increases from the edge part to centre part of the specimen at ) Ae of 3.3. Mechanical anisotropy is also detected
in the forged specimen at ) Ae of 3.3. However, the UTS and elongations at different directions range in 310.6—323.9
MPa and 21.9%-29.7%, respectively, which indicates that extensive anisotropy can be avoided by high strain rate triaxial
forging technique. High strain rate triaxial forging is therefore identified as a potential technique for producing wrought
magnesium with excellent mechanical properties.
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Fig. 1 Schematic diagrams of specimens extracted from forged alloys: (a) Microstructural analysis; (b) Tensile specimens at

different positions; (c) Tensile specimens along different directions
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Fig. 2 Microstructures for core of forged alloy (M3) at different accumulated strains: (a) 0.66; (b) 1.32; (c) 1.98; (d) 2.64; (e), (f) 3.3
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Fig. 3 Microstructures for edge of forged alloy (M1) at different accumulated strains: (a) 0.66; (b) 1.32; (c) 1.98; (d) 2.64; (e), (f) 3.3
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Fig. 4 Schematic diagram of different deformation zones in

uniaxial forged specimen!'”)
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Fig. 5 Microstructures for forged alloy in
different positions at > Ae of 3.3: (a) MI;
(b) M2; (c) M3; (d) M4; (¢) M5
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Table 1 Mechanical properties of undeformed and forged
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alloy in different positions at ) 'A¢ of 3.3 and room temperature

Alloy state Position  o/MPa oy/MPa 0/%
P1 212.6 326.5 20.7

Deformed P2 219.3 3189 24
P3 216.4 313.1 27.6

Undeformed 133.1 239.6 7.7
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Fig. 7 Tensile curves of forged alloy along different

directions at ) Ae of 3.3 and room temperature

Table 2 Mechanical properties of forged alloy in different

directions at ) Ae of 3.3 and room temperature

Plane  Direction o/MPa o,/MPa 0/%
D1 215.8 3239 21.9

A D2 211.7 317.9 22.8
D3 214.2 321.6 26.3

D4 198.5 313.9 25.7

B D5 194.8 314.5 25.4
D6 191 310.6 32.4

D7 200.5 314.6 21.9

C D8 202.4 3189 24.2
D9 205.9 320.7 29.7
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