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Table 1 Chemical composition of TA18 titanium alloy (mass
fraction, %)

Al v Fe C N (6] H Ti
2.5-3.5 2.0-3.0 030 0.05 0.025 0.12 0.015 Bal
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Fig. 1 Measurement position for residual stress
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Table 2 Measurement conditions of X-ray diffraction

Operation Working Crystal
E/GP: 20/(°
voltage/kV ~ current/mA /GPa o) face
30 6.7 1202 1374 (1120)
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Fig. 2 EBSD contoured pole figures from cold worked tube
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Fig.3 Pole figures {0001} and {1120} from various annealed tubes: (a) 500 C, 0.5 h; (b) 500 ‘C, 1 h; (c) 500 C, 2 h; (d) (0001)
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Fig. 4 Evolution of surface residual stress in rolling directions

after stress relieving annealing with holding time(a) and

temperature(b)
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Fig. 5 Effects of heating temperature and holding time on

residual stress relaxation of TA18 tube
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Fig. 6 Axial microstructure of TA18 tube before and after

stress relieving annealing: (a) As pilgered; (b) 450 C, 2 h;
(¢)500 C,2h
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Effect of stress relieving annealing on
surface residual stress of thin-walled Ti pipe

ZHOU Da-di', ZENG Wei-dong', LIU Jiang-lin', XU Jian-wei', XI Jin-hui®, LI Hui®

(1. State Key Laboratory of Solidification Processing, Northwest Polytechnical University, Xi’an 710072, China;
2. Western Titanium Technologies Co., Ltd., Xi’an 710201, China)

Abstract: The evolution of surface residual stress in TA18 thin-walled tube was investigated before and after vacuum
stress-relieving heat treatment by using X-ray diffraction technique. The results show that the cold-rolled TA18 tube has
high compressive residual stress along rolling direction on the surface; and these stresses will be considerably reduced at
different annealing temperatures and holding time. The degree of stress relaxation becomes better with increasing
temperatures, while it reduces rapidly at first and goes to stabilization with increasing time. Within the scope of the
orthogonal experiments, the surface residual stress of the pipe is mostly eliminated after heat treated at 450 C for 2 h
with furnace cooling. Calculated from the Zener-Wert-Avrami function, it is found that the behavior of residual stress
relaxation is controlled by the recovery process, which is further confirmed by metallographic observation as no
recrystallized grains being captured in the microstructure. In the present study, the crystallographic texture is stable in all
stress-relieved tubes exhibiting a basal plane normal aligned parallel to the normal direction, thus making a slightly
influence on residual stress measurement.

Key words: TA18 thin-walled seamless tube; vacuum stress relieving annealing; texture; surface residual stress

Foundation item: Project(2016YFB0301203) supported by the National Key Research and Development Program of
China
Received date: 2018-12-20; Accepted date: 2019-03-12
Corresponding author: ZENG Wei-dong; Tel: +86-29-88494298; E-mail: zengwd@nwpu.edu.cn
(YR8

AR )



