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Ç 1  BCDEoÈqÉ$Ide 

Fig.1  Rotary piercing model and the process parameters 
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Table 1  Values of process parameter variables 

Parameter Value 1 Value 2 Value 3 

Temperature/[ 350 400 450 

Plug advance/mm 15 20 25 

Roll gape, Φ/mm 34 35  

Feed angle/(°) 7 8  

Roll rotating velocity/r·min

-1 

170 170 170 
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Table 2  Simulation parameters of rotary piercing process 

for AZ31B magnesium alloy tube 

Parameter Value 

Room temperature/[ 20 

Friction factor 0.95 

Specific heat/J·(kg·[)

-1

 102 

Thermal conductivity/ W·m

-1

·[

-1

 35 

Initial temperature of roll/[ 150 

Initial temperature of plug/[ 150 

Thermal convection coefficient to surrounding 

atmosphere/W·m

-2

·[

-1

 

0.02 

Thermal conductivity at contact surface during 

rolling/W·m

-2

·[

-1
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Table 3  Chemical composition of AZ31B magnesium 

alloy (ω/%) 

Al Zn Mn Fe Si Cu Ni Mg 

3.21 0.99 0.34 0.0021 0.017 0.0021 0.00061 Bal. 
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Table 4  Experimental parameters of magnesium alloy 

during rotary piercing process 

Parameter Value 

Feed angle/(°) 7 

Entrance face angle/(°) 0 

Piercing section roll diameter/mm 180 

Piercing section roll length/mm 140 

Plug diameter/mm 30 

Roll rotational speed/r·min

-1

 170 

Roll gap, Φ/mm 35, 34 

Plug advance/mm 20 
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Ç 2  BCDEk%GÆÊËÌÍ_�¼VWx¤ 

Fig.2  Equivalent strain distribution on longitudinal section during 

rotary piercing process: (a) step 20 and (b) step 160 
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Ç 3  DEk%CÎ,ÏÐ 

Fig.3  Rolling stopping (a) and steel-heaping (b) during 

piercing process 
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Fig.4  Tube billet after simulation smoothly at 400 [ 
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Ç 5  450 [Cs;GÒÓ 

Fig.5  Billet morphology after rolling at 450 [ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ç 6  400 [;GDEk%ÔSTÕx¤ 

Fig.6  Temperature field distribution of tube billet in the process 

of piercing at 400 [: (a) longitudinal section and (b) surface 
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Ç 7  BCDEk%ÔGÆ_Ö!×Vlx¤ 

Fig.7  Max principal stress distribution of billet in the process 

of rotary piercing 
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Ç 8  400 [78�GÆDCs_t; 

Fig.8  Magnesium alloy billet after piercing at 400 [ (a) and its 

magnification of head and end part (b) 
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Table 5  Billet temperature changes in the process of piercing 

 Pre-rolling Rolling After rolling 

Temperature/[ 400 380 270 

 

 

 

 

 

 

 

 

 

Ç 9  DEs AZ319:;G ØÙÚÌ 

Fig.9  Axial cross section of the AZ31 seamless tubes obtained 

in the piercing process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ç 10  DC�s;Guv�� 

Fig.10  Microstructure of sample before (a) and after (b) piercing 
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New Rotary Piercing Technique of AZ31 Magnesium Alloy Seamless Tube 

 

Ding Xiaofeng, Shuang Yuanhua, Wang Qinghua, Zhou Yan, Gou Yujun, Wang Jun, Lin Weilu 

(Shanxi Provincial Key Laboratory of Metallurgical Equipment Design and Technology, 

Taiyuan University of Science and Technology, Taiyuan 030024, China) 

 

Abstract: Due to the difficulty in processing of magnesium alloy seamless tube, a new rotary piercing technique for AZ31 magnesium alloy 

pipe was investigated. According to the constitutive relation of magnesium alloy during hot working, temperature range of 300~450 °C and 

strain rate range of 0.001~1 s

-1

 were confirmed. Based on the theory of skew rolling and the existing three-roll skew rolling equipment, the 

process parameters were preliminarily determined. The coupled thermal-mechanical numerical simulation and experiment research of the 

AZ31B magnesium alloy billet with the size of Φ40 mm×300 mm were carried out, and the samples after rolling were taken for 

metallographic analysis. The results show that the rotary piercing way can produce AZ31 magnesium alloy seamless tube. At 400 °C, 

magnesium alloy tube with Φ40 mm×5.5 mm×615 mm can be prepared when choosing appropriate amount of plug advance, feed angle, 

roll speed, and piercing gorge. After piercing microstructure changes into equiaxed distribution and grains are refined to 3 µm, and 

mechanical performance is improved accordingly. This process could substitute traditional magnesium alloy extrusion process to produce 

seamless tube, and it would improve production efficiency, reduce costs, and facilitate subsequent production of tube product. 

Key words: magnesium alloy seamless tube; rotary piercing; process; microstructure 
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