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Table 1 Chemical composition of 690 alloy (ω/%)

Cr Fe C Ti Al Ni 

29.19 9.49 0.02 0.24 0.28 Bal. 
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1-Container, 2-Block, 3-Glass pad, 4-Mandrel,  

5-Extrusion die, 6-Billet 
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Fig.1  Finite element geometric model for hot extrusion of 690  

alloy 
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Fig.2  True stress�true strain curves for 690 alloy at different strain rates: (a) 1050 � and (b) 1200 �
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Fig.3  Temperature rise of the 690 alloy at different true strains: (a) 40% and (b) 70% 
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Fig.6  Microstructures of 690 alloy deformed to 70% true strain at 1100 � at different strain rates : (a) 0.1 s
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Fig.7  Microstructures of 690 alloy deformed to 70% true strain at 1200 � at different strain rates: (a) 0.1 s
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Fig.8  Strain rates of the extrusion pipes of 690 alloy at different extrusion speeds: (a) 50 mm/s, (b) 100 mm/s, (c) 200 mm/s, (d) 250 

mm/s, and (e) 300 mm/s
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Fig.9  Variation of extrusion force with time of 690 alloy at 

different extrusion speeds 
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Fig.10  Temperature of the extrusion pipes of 690 alloy at different extrusion speeds: (a) 50 mm/s, (b) 100 mm/s, (c) 200 mm/s,        

(d) 250 mm/s, and (e) 300 mm/s 
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Fig.11  Influence diagram of strain rate on extrusion process 
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Fig.12  Surface and microstructures of the 690 alloy extrusion pipes at different extrusion speeds: (a) 200 mm/s and (b) 300 mm/s 
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Effect of High Strain Rate on Hot Deformation Behavior and Extrusion Feasibility of 
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Abstract: Effects of high strain rate on hot deformation behavior and extrusion feasibility were investigated by Gleeble 

thermal-simulation experiment and finite element method (FEM). The results show that the flow stress of 690 alloy is sensitive to the 

strain rate. The temperature rise of the alloy deformed at high strain rate (above 10 s

-1

) is significant. The recrystallization grain size 

decreases with the increase in strain rate at a low strain rate, while it increases with the increase in strain rate at a high strain rate. The 

maximum extrusion force decreases first and then increases with the increase in extrusion rate. The 690 pipe were successfully extruded 

according to the experiment and FEM results. 

Key words: 690 alloy; high strain rate; finite element method; hot extrusion 
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