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Fig.1  Microstructure of as-received Ti-6Al-4V alloy 

50 µm 
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Fig.2  Finite element model for initial rolling state 
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Table 1  Thermal physical parameters of Ti-6Al-4V alloy 

Temperature/ 

� 

Young’s 

modulus/ 

GPa 

Poisson’s 

ratio 

Thermal 

conductivity/ 

W·(m·K)

-1

 

Coefficient 

of thermal 

expansion/

×10

-6 

�

-1

 

Specific 

heat/ 

J·(kg·K)

-1

 

20 113 0.29 5.42 - 451 

100 109 0.29 6.47 8.98 470 

200 104 0.29 7.59 9.42 489 

300 989 0.29 8.71 9.76 508 

400 944 0.3 9.73 10.0 523 

500 899 0.3 10.6 10.2 529 

600 850 0.31 11.2 10.4 528 

700 797 0.3 11.7 10.7 521 

800 735 0.28 12.3 11.0 514 

900 663 0.29 12.9 11.2 509 

1000 585 0.29 13.7 11.3 506 
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Fig.3  Temperature field distributions of rolling bar in the cross 

section of middle position: (a) 1 pass, (b) 2 passes, (c) 3 

passes, (d) 4 passes, (e) 5 passes, (f) 6 passes, (g) 7 passes, 

(h) 8 passes, (i) 9 passes, (j) 10 passes, and (k) coordinate 

system and ruler 
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Fig.4  Relationship of temperature with time of node A and B 
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Fig.5  Equivalent plastic strain field distributions of rolling bar in 

the cross section of middle position: (a) 1 pass, (b) 2 

passes, (c) 3 passes, (d) 4 passes, (e) 5 passes, (f) 6 passes, 

(g) 7 passes, (h) 8 passes, (i) 9 passes, (j) 10 passes, and  

(k) coordinate system and ruler 
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Fig.6  Relationship between equivalent plastic strain and time of 

node A and B 
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Fig.7  Microstructure of 6 passes (a, b) and 10 passes (c, d) in longitudinal section marginal area (a, c) and central area (b, d) 
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Fig.8  Schematic diagram of equivalent plastic strain distribution  

characteristic of 1 pass  
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Finite Element Simulation and Experiment of Multipass Hot Rolling  

for Ti-6Al-4V Alloy 
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Abstract: The multipass hot rolling simulation of Ti-6Al-4V alloy was carried out by thermo-mechanical coupling method. The 

distribution characteristics of temperature and equivalent plastic strain at different passes on the cross section were studied. The simulation 

results show that the temperature of surface is lower than that of the center. With the increase of the rolling pass, the temperature of surface 

area decreases, while the temperature of the center increases first and then decreases. Equivalent plastic strains in both surface and center 

increase with the increase of the rolling passes. The equivalent strain in the center is larger than that in the surface. The experimental 

results show that with the increase of the rolling pass, the deformation of microstructure in the central region is larger than that in the 

surface region. The temperature in the central region is higher, where dynamic spheroidization occurs more easily. 

Key words: Ti-6Al-4V alloy; finite element simulation; rolling 
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