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É 1  VWXYQÊËÉ 

Fig.1  Three-roll cold rolling diagram: (a) numerical simulation model and (b) working principle 
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Fig.2  Loading curve of finite element simulation 
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Fig.3  Dynamic recrystallization during rolling of AZ31 

magnesium alloy 
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Fig.4  Rolling tube cross-section stress-strain characteristic 

position 
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Fig.5  Selection of measuring points 
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Table 1  Rolling parameters 
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Fig.6  Equivalent stress distribution curves of each characteristic 

segment with different rolling speeds: (a) reducing 

segment, (b) wall thickness reducing segment, and      

(c) finishing segment 
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Fig.7  Stress cloud diagram and distribution diagram of sections with different deformation characteristics: (a) reducing segment, (b) wall 

thickness reducing segment, and (c) finishing segment 
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Fig.8  Equivalent plastic strain distribution curves of each 

characteristic segment with different rolling speeds:   

(a) reducing segment, (b) wall thickness reducing 

segment, and (c) finishing segment 

��������	
������������

�	������ 0����� !�"#�$%&

'�	()*+,"-./�0�$%�	12�+3

4�567895:;<=>?@A��	����

����	
�BCDEFGH< 

���������	
���
���

 10 �IJ��KLA���MNOL
�P

Q<RS�TUV�W��XYZ[��\�]

^_`a5+��	�bcdef5g�AMNOL

FhI+�ij^X�OL 20 ��JG��KLkl

8MNOLFmn8MNOL+<moIJ	���

��MNOL�TUV�pqWrstuvw�xM

NOL:���KL�*+b*+�7/y	dz{

|}GH<JG��KLkrs~�S�MNOLF

mx���5������ !�"#�ln8MN

OL/y?z^GH< 

�?&@�$%W��3�8�./�����

�3�����	�MNOL:����KL�*+

b*+<Wij���./��800 mm/s��KLk

����3�	�OL:��^ AZ31 ���$���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

 

� 9  ��$����)*#$+�,%&-.� 

Fig.9   Schematic cloud diagram and distribution diagram of sections with different deformation characteristics: (a) reducing segment,  

(b) wall thickness reducing segment, and (c) finishing segment 
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Fig.10  Temperature distribution curves of each feature segment 

node with different rolling speeds: (a) reducing segment, 

(b) wall thickness reducing segment, and (c) finishing 

segment 
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Fig.11  Actual measurement and simulation results of outer 

diameter of finished tube 
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Fig.12  Actual measurement and simulation results of outer wall 

temperature of each characteristic section 
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Fig.13  Microstructures of different deformation sections:     

(a) experimental result and (b) simulation result 
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Fig.14  Experimental and simulation results of average grain size 

in different deformation stages 
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Fig.15  Dynamic recrystallization experiment results in different deformation stages: (a) reducing segment, (b) wall thickness reducing 

segment, and (c) finishing segment 
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Fig.16  Experimental and simulation results of recrystallized 

grain volume fraction in different deformation stages 
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Effect of Rolling Speed on Cold Rolling Forming of AZ31 Magnesium Alloy Tubes 
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China) 
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Abstract: The rolling speed is one of the key processing parameters in the three-roll cold rolling forming process, which determines its 

mechanical characteristics and temperature rise. Based on this phenomenon, taking cold-rolled AZ31 magnesium alloy tubes as the 

research object, this paper analyzes and compares the influence of different rolling speeds on the equivalent stress, equivalent plastic strain 

and joint temperature of each characteristic deformation section by numerical simulation. The results show that these parameters increase 

with the increase of rolling speed. By means of the cellular automaton model and experiment, the preliminary evolution law of continuous 

recrystallization and refinement of the grain during the rolling process was proved. A speed of 800 mm/s was obtained by combining the 

comparative analysis experiment and simulation results with various factors, which can better meet the requirements of the process 

requirements. It provides a basis for the selection of rolling speed of cold-rolled magnesium alloy tubes. 

Key words: three-roll cold rolling; AZ31 magnesium alloy tubes; rolling speed; cellular automata 
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