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Table 1 Chemical component of pure titanium billets (/%)
No. Fe (e} N C Ti

1 0.044 0.033 0.006 0.017 Bal.
2 0.032 0.049 0.005 0.001 Bal.
3 0.032 0.043 0.007 0.009 Bal.
4 0.020 0.053 0.004 0.007 Bal.
5 0.038 0.046 0.001 0.012 Bal.
6 0.040 0.060 0.002 0.010 Bal.
7 0.046 0.076 0.008 0.013 Bal.
8 0.035 0.072 0.012 0.009 Bal.
9 0.030 0.074 0.011 0.015 Bal.
10 0.040 0.079 0.013 0.010 Bal.
11 0.033 0.037 0.003 0.009 Bal.
12 0.035 0.053 0.013 0.008 Bal.
13 0.032 0.069 0.007 0.007 Bal.
14 0.029 0.048 0.021 0.009 Bal.
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Fig.3 Microstructure of TA1 deformed at different temperatures
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Table 2 Some technical parameters of pure titanium finish rolling process
Exit thickness/mm Rolling speed/m s Entrance temperature/C
No. Entrance thickness/mm F1 F2 F4 F6 F1 F2 F4 F6 F1 F2 F4 F6
1 34.01 18.26 11.28 5.65 3.99 1.08 1.74  3.46 5.00 785 760 718 674
2 33.19 16.30 9.35 4.29 2.98 111 192 420 6.20 779 756 718 671
3 32.39 17.32 10.73 5.80 5.00 1.16 187 351 410 777 754 716 676
4 32.39 17.22 10.60 5.67 5.00 1.16 188 357 410 777 754 716 676
5 33.8 17.81 10.81 7.26 6.11 1.13 1.85 2.75 3.35 777 754 716 676
6 32.39 17.35 10.67 7.24 6.11 121 196 2.88 3.50 777 754 716 676
7 32.39 17.07 10.56 7.21 6.11 1.19 192 281 3.40 777 754 716 676
8 32.39 17.07 10.56 7.21 6.11 1.19 1.92 2.81 3.40 777 754 716 676
9 32.39 17.00 10.48 7.12 6.11 1.16 1.87 2.75 3.30 777 754 716 676
10 32.39 17.06 10.43 7.11 6.11 1.15 1.88 2.76 3.30 777 754 716 676
11 32.39 17.06 10.43 7.11 6.11 1.15 181 261 3.10 777 754 716 676
12 32.39 17.06 10.43 7.11 6.11 1.22 192 278 3.30 777 754 716 676
13 32.39 17.06 10.43 7.11 6.11 1.22 1.92 2.78 3.30 777 754 716 676
14 32.39 17.06 10.43 7.11 6.11 1.24 1.95 2.79 3.30 777 754 716 676
15 32.39 17.06 10.43 7.11 6.11 1.20 1.89 2.70 3.20 777 754 716 676
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Table 3 Some rolling force values of 4 rolling passes
No. Rolling force/MN
Measured F1  Calculated F1  Measured F2  Calculated F2 Measured F4  Calculated F4 Measured F6  Calculated F6
1 2.133 2.086 1.815 1.729 1.348 1.347 0.720 0.689
2 2.040 2.056 1.758 1.704 1.291 1.329 0.653 0.679
3 2.148 2.064 1.855 1.711 1.361 1.335 0.699 0.681
4 2.180 2.032 1.866 1.684 1.374 1.312 0.693 0.671
5 2.012 2.064 1.751 1.710 1.318 1.336 0.688 0.678
6 1.942 1.985 1.699 1.649 1.306 1.296 0.686 0.697
7 1.899 1.910 1.662 1.703 1.284 1.332 0.674 0.688
8 1.935 1.927 1.695 1.682 1.302 1.320 0.694 0.701
9 1.929 1.918 1.705 1.672 1.307 1.315 0.692 0.708
10 1.934 1.957 1.714 1.706 1.303 1.341 0.680 0.689
11 1.920 1.932 1.669 1.596 1.246 1.255 0.676 0.694
12 2.020 2.019 1.711 1.724 1.285 1.380 0.774 0.762
13 2.082 2.056 1.697 1.740 1.278 1.398 0.752 0.764
14 2.123 2.092 1.740 1.736 1.261 1.396 0.727 0.713
15 1.950 1.920 1.646 1.694 1.209 1.252 0.675 0.675
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Table 4 Error analysis of the calculated and the measured

rolling force

B range Relative error distribution/%
p=1 25
1<p<5 65
5< /<10 8.33
£ >10 1.67
Maximum £ 10.7
Average g calculation 2.62
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Deformation Resistance Model for Pure Titanium TA1 Based on the Hot
Continuous Finish Rolling Process

Li Jun®?, Yu Hui®, Cheng Xingde?, Peng Lin?, Shi Qingnan’, Ren Wanbo?
(1. Kunming University of Science and Technology, Kunming 650093, China)
(2. State Key Laboratory for Comprehensive Utilization of Vanadium and Titanium Resources, Pangang Group Research Institute Co., Ltd.,
Panzhihua 617000, China)
(3. National Engineering Research Center for Equipment and Technology of C.S.R., Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to study the deformation resistance problem of a pure titanium coil of the finishing rolling section of hot continuous
rolling process, according to the actual rolling process of industrial production, a hot compression test on pure titanium was carried out in
the following conditions: the deformation temperature range 700~800 <C, the strain rate 5~25 s, and the maximum deformation 0.8. The
results show that the flow stress of pure titanium decreases with the increase of deformation temperature, while it increases with the
increase of strain rate. The effect of temperature and strain rate on the deformation mechanism is obvious. The deformation is mainly
dynamic recovery when the temperature is 700 <C and the strain rate is 1 s. The degree of dynamic recrystallization increases
continuously with the increase of temperature and strain rate. The dynamic recrystallization is the most complete at the temperature of
800 <C and the strain rate of 20 s™, and its microstructure is the most homogeneous. According to the true stress-strain data obtained from
thermal simulation experiments, as well as considering the influence of chemical composition, and based on the deformation resistance
model of Johnson-Cook model, a deformation resistance model was developed, which can reflect many factors. Comparison of the
calculated values of rolling force based on the deformation resistance model with the actual values could verify the reliability of the model.
The model provides an effective basis for finishing rolling technical control of pure titanium coil in the hot continuous rol ling process.

Key words: pure titanium coil; finishing rolling; J-C model; deformation resistance; microstructure
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