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º 1  AZ91(@»¼N^_`B½º 

Fig.1  Microstructure image of as-cast AZ91 magnesium alloy:  

(a) low magnification and (b) high magnification 

H�
� 10 min��d��A����� 200 ��

��d 3¿Ë> 

 �d�W��»W¼�üýà 5 áâ�óô�

�ÓÏÏ�>��L���²Ï���óô����

�¿Ë�È�É���%&¢�¿Ëhiz��L�

�ÌÍdÎÏ���óô�ðú�� 1�2�3 ¿Ë�

���Wéó�Áå�&�d���¿Ë����û

N��#²�ÂÓÏðñ> 

 0tul��!"#$Átuéó�Ï��Â

%"&'�¶0 3 g()*+10 mL+*+10 mL,-

!+50 mL.!/0�]���1ÁÏ��Â����

�~ë� 10~15 s>¶0�²2Ò3(OM)g4545

2Ò3(SEM)Á����Ï��2Òhi�ÂÝí>

¶0 X6786Ñ(XRD)
� EDS$îÁEì²&�

ð�Âðñ>¶0ÌÍdÎÑ(G200)Átu�d¿Ë

»W¼�Ò/Ì¬´#$�ÂÓÏ> 

������	
�

���������

à 6 ��d��� AZ91 ���»W¼Øìà>

ã%9¹�:d� AZ91���»W¼;��W� � 

 

 

 

 

 

 

 

 

 

 

 

º 2  AZ91(@»¼< SEMB½¸ 1�2¾¿ EDSXY 

Fig.2  SEM image (a) of as-cast AZ91 magnesium alloy and EDS results of point 1 (b) and point 2 (c) marked in Fig.2a 

 

 

 

 

 

 

 

 

 

º 3  ;IÀÁÂÃº 

Fig.3  Design drawings of workpiece before spinning 

 

 

 

 

 

 

 

 

º 4  ;IÄQÅÆº 

Fig.4  Schematic diagram of assembly during spinning 
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º 5  ÉÊËÌÅÆº 

Fig.5  Schematic diagram of the sampling location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 6  ;IÍÎ< AZ91(@ABC 

Fig.6  AZ91 magnesium alloy tubular part before and after the 

multi-pass spinning: (a) workpiece before spinning, (b) tu- 

bular part after spinning, (c) cross section image of tubular 

part after spinning 
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º 7  \];IGHmÊ< XRDºY 

Fig.7  XRD patterns of the sample with different passes during 

spinning 
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º 8  ABCmÊ;IK Ï\]nÐ<MN_` 

Fig.8  Microstructures of different areas in the sample during 

spinning 
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º 9  ABC;I�Ñ9hÒÅÆº 

Fig.9  Schematic diagram of the decomposition of the force 

of the sample during the spinning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 10  ÓABCxy=Ô<N^_` 

Fig.10  Microstructures along the wall thickness direction for 

sample: (a) the outside and (b) the inside 
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º 11  ;IFGHABCmÊ<gMN_` 

Fig.11  OM images of the samples during multi-pass spinning: (a) base metal, (b) first pass, (c) second pass, and (d) third pass 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 12  ;IFGHABCmÊ<Z[$OºÕ 

Fig.12  SEM images of the samples during multi-pass spinning: (a) base metal, (b) first pass, (c) second pass, and (d) third pass 
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º 13  ��o�BÎ(@< EBSDº 

Fig.13  EBSD maps of recrystallized, substructured and deformed region of Mg
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Al
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 and Mg matrix after severe plastic deformation: 

(a) total map, (b, c) layered maps; (d, e) the color indication image 

 

 

 

 

 

 

 

 

 

 

 

º 14  ;I\]GH<(@³°º 

Fig.14  Hardness of Mg alloy with different passes during spinning 
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º 15  ;I\]GH<(@mÊjkIlÖe 

Fig.15  Curves of nanoindentation of the sample with different 

passes during spinning: (a) Mg
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Al
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 and (b) matrix 
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Microstructure Evolution and Micro/Nano Mechanical Properties of 

Spinning AZ91 Magnesium Alloy Tubes 

 

Zhang Yuanqi, Wang Wenxian, Chen Hongsheng, Cao Xiaoqing, Zhang Tingting, Zhang Yuyang 

(Shanxi Key Laboratory of Advanced Magnesium-based Materials, Key Laboratory of Interface Science and Engineering 

in Advanced Materials, Ministry of Education, Taiyuan University of Technology, Taiyuan 030024, China) 

 

Abstract: Multi-pass spinning of AZ91 magnesium alloy tube was conducted by power forward spinning. The microstructural evolution, 

phase structure and micromechanical properties were examined by optical microscope, SEM-EBSD-EDS, and nano-indentation tests, 

respectively. The results show that when the wall thickness of AZ91 magnesium alloy tube decreases by 88.3%, the surface is well formed 

without cracks or folds. At the initial stage of spinning, plastic deformation mainly occurs on the outer surface of magnesium alloy. As the 

spinning deformation increases, the deformation of the inner and outer surfaces tends to be consistent. The brittle phase Mg

17

Al

12

 breaks 

down and is distributed in a streamline shape in the magnesium alloy. At the same time, the grain of magnesium alloy is refined and 

dynamic recrystallization occurs. With the increase of deformation, the strength of tubular parts increases and the hardness is up to 1.036 

GPa. The strengthening modes mainly include second phase dispersion strengthening and fine grain strengthening. 

Key words: AZ91 magnesium alloy; tube spinning; microstructural evolution; mechanical properties 
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