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Fig.1  Diagram of ball spinning 
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Fig.2  Process parameters of ball spinning 
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Fig.3  Finite element model 

 

� 1  AZ31B ������� 

Table 1  Chemical composition of AZ31B magnesium alloy (ω/%) 

Al Zn Mn Cu Ca Ni Fe Si Others Mg 

2.5¨3.5 0.7¨1.3 ©0.2 ª0.05 ª0.04 ª0.005 ª0.005 ª0.3 ª0.3 Bal. 

 

� 2  AZ31B ���	�
��
  

Table 2  Mechanical properties of AZ31B magnesium alloy

[14] 

Temperature, T/� 20 100 150 200 250 300 

Young’s modulus, E/GPa 45 37.7 35.6 33.5 31.4 29.3 

Yield stress, σ

0.2

/MPa 183 140 100 70 40 22 
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Table 3  Thermal performance parameters of AZ31B magnesium alloy 

Temperature, T/� 20 100 200 300 

Thermal conductivity, λ/W·(m·�)

-1

 96.4 101 105 109 

Specific heat, c/J·(kg· )�

-1

 1100 1130 1170 1210 

Expansion, α/®10

-6

 mm·�

-1

 26 27 27.9 27.9 
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Table 4  Process parameters 

Process parameters Value 

Thinning, ∆t/mm 0.05, 0.1, 0.15, 0.2, 0.25 

Feed ratio, f/mm·r

-1

 0.05, 0.1, 0.2, 0.3, 0.4 

Speed, n/r·min

-1

 5000, 6000, 7000, 8000, 9000 

Number of balls, N 12 
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  4  j-�¯CQR°±  

Fig.4  Temperature field at different time: (a) t=0.1125 s,  

      (b) t=0.2250 s, (c) t=0.3375 s, and (d) t=0.3938 s 
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Fig.5  Axial node number of tube 
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Fig.6  Temperature values of different nodes 
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Fig.7  Temperature changes of spinning deformation zone at  

different feed ratios 
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Fig.8  Temperature changes of spinning deformation zone at 

different speeds 
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Fig.9  Temperature changes of spinning zone with different  

amounts of thinning 
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Fig.10  Temperature changes of spinning zone with a large  

amount of thinning 
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Fig.11  Temperature changes of spinning zone with different 

friction coefficients 
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Fig.12  Experimental device 
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Table 5  Experimental process parameters 

Experiment group n/r·min

-1

 ∆t/mm f/mm·r

-1

 N 

1 6000 0.2 0.1 12 

2 6000 0.1 0.1 12 

3 5000 0.2 0.1 12 

4 6000 0.2 0.2 12 
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Fig.13  Temperature contrast for different amounts of thinning 
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Fig.14  Temperature contrast at different speeds 
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Fig.15  Temperature value comparison under different feed ratios 
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Fig.16  Temperature contrast with high speed and a large amount 

of thinning 
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Finite Element Simulation of Heat Generation of Magnesium Alloy Tube  

by Ball Spinning 

 

Zhao Chunjiang, Zhang Feitao, Liu Yanwei, Su Mengying 

(Collaborative Innovation Center of Taiyuan Heavy Machinery Equipment, Taiyuan University of Science and Technology, Taiyuan 030024, 

China) 

 

Abstract: Ball spinning requires a continuous cooling of the deformation zone due to the large amount of deformation heat generated by 

the continuous point-by-point molding characteristics. According to the low forming temperature of magnesium alloy, friction and 

deformation heat can be used to replace the heating process of the thin-walled magnesium alloy tube in ball spinning process. The heat 

generation laws under different process parameters were calculated by finite element simulation. The results show that the temperature in 

the spinning deformation zone increases with the increase of rotating speed, thinning amount, feed ratio and friction coefficient. For these 

four parameters, the friction coefficient has the least effect on the temperature rise, the amount of thinning has the most obvious effect on 

the increase of temperature, while the effect of mold speed on the rising of temperature is slight. Under high speed and a large amount of 

thinning, the temperature of the deformation zone can reach above 220 °C, which can meet the temperature requirement of hot forming of 

magnesium alloy. The results of non-contact temperature measurement in the deformation zone show that the simulation results are in good 

agreement with the measured results. 

Key words: AZ31B magnesium alloy; thin-walled tube; ball spinning; temperature rising in deformation zone; finite element 
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