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Fig. 1 Three-dimensional assembly model of AZ31 magnesium
alloy tube during spinning:(a) Three-dimensional assembly
model; (b) The distribution of rollers at circumferential
direction; (c) The distribution of rollers at axial direction
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Fig. 2True stress-strain relationship curves of AZ31

magnesium alloy at different temperatures
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Table 1 Parameters of the material properties

. Elasticity ~ Poisson's Compression strength
I(De/r::sl,ﬂ:qtg/)/ modulus / ratio /MPa
g (GPa) u 325°C 375°C 425°C
1.78 24.85 0.3 90+3 75+3 40+3
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Fig.3Tube before and after meshed: (a) Tube before meshed; (b)
Tube after meshed
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Fig. 4 (a)Microstructure of AZ31; (b) Dimensions of rolled
Billet; (c) Schematic diagram of spinning
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Fig. 5 Stress distribution of at the beginning of contact between

the roller and the tube: (a) Stress distributionon the surface of
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tube;(b) Radial stress distributionof the tube
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Fig. 6 Contact area between the roller and the tube (a) Stress
distribution at contact between the roller and the tube;(b)
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Fig.7 Stress and strain distribution of the AZ31 magnesium alloy tube at different time during spinning : (a) Stress distribution;(b)

Strain distribution
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Fig.8 Stress distribution of the AZ31 magnesium alloy tube under different reduction ratio with 325 °C: (a) 10%;(b) 20%; (c)
30%;(d) 40%; (e) 45%; (f) 51%; (g) 54%
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Fig.9 Stress distribution of the AZ31 magnesium alloy tube under different reduction ratio with 375 °C : (a) 10%;(b) 20%; (c)
30%;(d) 40%; (e) 45%; () 51%; (g) 54%
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Fig.10 Stress distribution of the AZ31 magnesium alloy tube under different reduction ratio with 425 °C : (a) 10%;(b) 20%; (c)
24%;(d) 27%
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Fig.11 Stress distribution of longitudinal section of the AZ31 magnesium alloy tube with different reduction ratio
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Fig.13 Strain distribution diagram of longitudinal section of AZ31 pipe under different process conditions: (a) with different

reduction of the first roller; (b) with different speed
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Fig.12 Stress distribution of longitudinal section of the AZ31
magnesium alloy tube with different temperature
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Fig.14 Stress and strain distribution of longitudinal section of
the AZ31 magnesium alloy tube with different spinning times:
(2) One time;(b) Two times
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Fig.15 Section diagram of AZ31 magnesium alloy after
spinning
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Fig.16 The microstructure diagram at different passes of spinning: (a) the transition area after first pass; (b) intermediate region after

first pass; (c) the transition area after second pass;(d) intermediate region after second pass;(e) and (f) outer side and inner side after

the third pass
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Fig.16 TEM microstructure of AZ31 tube:(a) The
microstructure of grain; (b) the dislocation
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Study on Forming Properties of Magnesium Alloy Tubes
by Asynchronous Stagger Spinning

CHEN Hongsheng! ZHANG Yuangi® WANG Wenxian? NIE Huihui ZHANG Tingting!
SHI Ning?
(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Shanxi 030024;
2. College of Materials Science and Engineering, Taiyuan University of Technology, Shanxi 030024;
3. Shanxi key laboratory of advanced magnesium-based materials, Taiyuan 030024)

Abstract: Magnesium alloy has the advantages of light weight and high strength. However, it is a compact hexagonal structure with
poor plastic deformation performance. Therefore, it is difficult to fabricated tubes by plastic deformation method. In this study,
ABAQUS numerical simulation method was used to analyze the asynchronous stagger spinning process of AZ31 magnesium alloy
and the effects of different process parameters on the spinning properties were studied. Based on the simulation results, the
asynchronous stagger spinning of AZ31 magnesium alloy was carried out, and the microstructure and micro-nano mechanical
properties were tested. The results show that with the increase of spinning temperature, the maximum thinning of single pass
spinning and the deformation resistance decreases due to the softening effect of the material is serious and the material accumulates
on the surface of the magnesium alloy in the asynchronous stagger spinning process. With the increase of the feed amount of the
rotary wheel, the material accumulation degree is serious, and it is more appropriate when the feed amount is 1.2mm/r. In addition,
increasing the number of spinning passes is beneficial to reduce the occurrence of cracks and material accumulation. With the
increase of spinning deformation, the grain size of AZ31 magnesium alloy is continuously refined, and the dynamic recovery
recrystallization occurs and the local dislocation plug area also exists in the alloy. When the total spinning deformation is reached
88.3% in total, the average micro-nano hardness can be reached 0.51GPa.

Key words: Finite element simulation; AZ31 magnesium alloy; Asynchronous stagger spinning; Dynamic recrystallization;
Dislocation
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