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Cyclic torsion of AZ31 magnesium alloy rod and
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Abstract: The cyclic torsion was carried out on the extruded AZ31 magnesium alloy rods at room
temperature by using a computer controlled torsion testing machine. The texture of initial extruded
magnesium alloy rods was measured by the XRD technique, which displays a typical basal texture.
The mechanical properties during deformation were measured, and the microstructure and texture
feature after torsion were analyzed by the EBSD. Meanwhile, the effect of cyclic torsion on mechanical
properties of magnesium alloy rods was also investigated. The results show that the symmetrical
stress-strain hysteresis curves are obtained during the cyclic torsion of magnesium alloy rods,
revealing that sliding is the dominant deformation mode during former torsions, moreover, the stress
peak values of the hysteresis curves present an increasing first and then decreasing trend with the
increase of cycle period, which is dominated by work hardening and internal micro-crack propagation.
The stress peak forms at the 4th cycle under conditions of 60°and 90° maximum torsion angles,
respectively. Amounts of extension twinning bands formed within grains after torsion of magnesium
alloy rods, c-axis of grains is rotated to the axial direction of bars caused by the activation of
twinning. Mechanical properties of twisted magnesium alloy rods tested by computer controlled
universal testing machine show that the compression yielding strength of magnesium alloy bars is
increased by the cyclic torsion, the value of which is increased from about 100MPa before torsion to
about 200MPa after torsion at most.
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Fig. 2 Shear stress-strain hysteresis loops during cyclic torsion

(a)90° with one cycle; (b)90° with five cycles; (¢)90° with ten cycles; (d)90°with fifteen cycles;

(e)90° with twenty cycles; (f)60° with twenty cycles
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Fig. 3 Stress-strain hysteresis loops at different cycles of cyclic torsion

(a) +90° torsion; (b) =60° torsion
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Fig. 4 Variations of peak stress during torsion
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Fig. 6 Pole figures of extruded rods and twisted specimens measured by EBSD

(a)extruded rods; (b) +90° with one cycle; (¢) £90° with twenty cycles; (d) +60° with twenty cycles
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Fig. 7 Grain micrographs of extruded rods and twisted specimens

(a)extruded rods; (b) £90° with one cycle; (¢) £90° with twenty cycles; (d) =60° with twenty cycles
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Fig. 8 Grain boundary distributions of twisted specimens (red lines represent extension twin boundaries,

green lines represent small angle boundaries of 2°-4°)  (a) £90° with one cycle; (b) 90° with twenty cycles; (¢) £60° with twenty cycles
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Orientation distributions of twins and their parent grains

(a)parent grains of 90" with one cycle;

(b)twins of £90°with one cycle; (¢) parent grains of £90° with twenty cycles; (d) twins of =90 with twenty cycles;

(e)parent grains of 60" with twenty cycles; (f) twins of £60° with twenty cycles
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Fig. 10 Schematic diagram of grain orientation variation

caused by twinning
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