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Fig.1  Cross section structure and dimensions of the support  

beam profile 
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Fig.2  Extrusion physical model (a) of the support beam profile 

and die (b)  
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Table 1  Simulation experiment numbers and extrusion  

processes 

Number 

Extrusion temperature/ 

�  

Extrusion speed/ 

mm·s

-1

 

� 470 0.1 

� 470 0.2 

	 470 0.3 


 470 0.4 
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Fig.3  Temperature distribution of the support beam profile in 

different processes: (a) process¬, (b) process, (c) process 

®, and (d) process ¯ 
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Fig.4  Velocity distribution of the support beam profile in 

different processes: (a) process�, (b) process�,      

(c) process 	, and (d) process 
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Fig.5  Maximum pressure and extrusion force of the support 

beam profile in different processes: (a) maximum pressure 

and (b) maximum extrusion force 
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Table 2  Simulation results of the support beam profile after  

structural optimization 

Number 

Maximum  

temperature/� 

Maximum  

speed/mm·s

-1

 

� 484 2.663 

� 497 5.093 

	 510 7.482 


 520 9.927 
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Fig.6  Pressure distribution of the support beam profile after 

structural optimization in different processes: (a) process �, 

(b) process �, (c) process 	, and (d) process 
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Fig.7  Maximum extrusion force of the support beam profile 

after structural optimization in different processes 
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Fig.8  Extrusion results of the support beam profile: (a) extruded 

profile at the scene, (b) overall profile, (c) cross profile, 

and (d) upside 
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Table 3  Composition of the support beam profile in different 

areas (ω/%) 

Area Mg Gd Y Zn Mn Fe Si 

1 Bal. 8.75 3.80 1.34 0.84 0.0137 0.0005 

2 Bal. 8.76 3.81 1.44 0.82 0.0167 0.0008 

3 Bal. 8.78 3.81 1.19 0.83 0.0154 0.0011 

4 Bal. 8.66 3.82 1.23 0.86 0.0123 0.0009 

5 Bal. 8.75 3.80 1.32 0.85 0.0134 0.0006 

Range Bal. 8.5~9.0 3.8~4.5 1.0~1.5 0.8~1.0 <0.003 <0.003 
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Fig.9  Microstructures of the support beam profile in different areas: (a) area 1, (b) area 2, (c) area 3, (d) area 4, (e) area 5, and        

(f) extrusion oddment 

d 

c 

b 

a 

e 

50 µm 

f 



� 5�                           #$%¦:�BC./�-@AK0`a^bUVWXY¤§¨
6                  �1671�  

��ÒèµkuA 10� 4vw4A 10aê-./�

�¦§ò;XY���Æ½È3Æä°n���

�
�(UTS)�b 370 MPa �¯����(EL)b 10%

�¯���;¹�XY��z��
� 391 MPa��

�� 11.3%4eµk °�Mg-9Gd-4Y-1Zn-0.8Mn �

�b�8�÷Ð¦§y¨4�gâã¹�XY���

�;-./�������°ãÓÙµk;@6�4

A 10b ê-./��ijò;XY���ÆÈ3��

Æä°n�b���PÅW;��Ð���
�

�W�>�ÆÈ3;��
���â 460 MPa�E

>ã 70{100 MPa���;¹�XY��z��
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 10  HIJK0©ª��Us��] 

Fig.10  Mechanical properties of the support beam profile in 

different areas: (a) extruded mechanical properties and 

(b) aged mechanical properties 
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Table 4  Mechanical properties of the support beam profile in  

different areas 

UTS/MPa  YTS/MPa EL/%  

Area 

Extruded Aged Extruded Aged Extruded Aged 

1 391 464 266 262 11.3 14.7 

2 382 475 232 316 10.7 9.7 

3 388 471 246 280 11.8 11.9 

4 373 475 237 314 11.5 8.8 

5 370 460 241 303 11.6 11.7 
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Abstract: HyperXtrude software was used to simulate the profile structure of the large-size high-strength and tough 

Mg-9Gd-4Y-1Zn-0.8Mn alloy rail transit support beam. Under the premise of ensuring the successful extrusion of large-size high-strength 

and tough magnesium alloy support beam profiles, the preferred process was determined, in which the extrusion temperature is 470 °C, the 

extrusion speed is 0.3 mm/s, and the maximum pressing force required under the process is 34 606 kN. The large-size high-strength and 

tough magnesium alloy support beam profile used in rail transit with good surface quality, uniform composition and homogeneous 

structure was successfully prepared. The tensile strength of each part of the profile is above 370 MPa, the elongation is above 10%, and 

the highest strength is 391 MPa. The strength of the aging state is obviously improved, reaching 460 MPa or more, and the elongation is 

slightly decreased, exceeding 8%. The highest strength reaches 475 MPa.  

Key words: high strength tough magnesium alloy; extrusion; numeric simulation; mechanical properties 
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