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Research on Forming Technology of TA34 Titanium Alloy Bellows

Ying Yang, Guo Dizi, Du Yu, Li Ting, Zou Lei, Xie Ziren
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The cold forming property of TA34 titanium alloy tube blank in ordinary annealed state (M state ) and
isothermal annealed state ( HT state ) was studied by constant strain rate tensile test. The results show that the M state
TA34 titanium alloy tube blank has higher strength, lower maximum strain hardening rate, better cold forming properties
than the HT state, and is more suitable used for forming bellows. The finite element simulation method was used to
simulate the forming parameters of DN85 bellows, and the parameters such as drum wave pressure, forming pressure
and wave depth coefficient of DN85 bellows were obtained. According to the simulation results, the process of forming
DN85 bellows was explored. The HT state TA34 titanium alloy tube blank will crack when the wave depth coefficient is
1.162. No surface quality defect is found for the M state TA34 titanium alloy tube blank when the wave depth coefficients
are 1. 165, 1. 169 and 1. 178. By using the M state TA34 titanium alloy tube blank as the raw material and selecting the
appropriate bellows forming process parameters, the TA34 titanium alloy bellows with good quality can be formed.
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Table 1 Mechanical properties of M state and HT state TA34 titanium alloy tube blank at different strain rates
£=0.001s"" £=0.002 57" £=0.003 s

M state HT state M state HT state M state HT state
Tensile strength, R, /MPa 735 624 721 621 717 619
Yield strength, R, ,/MPa 631 473 626 472 624 477
Elongation, A/% 21.5 26.0 22.5 26.0 21.0 25.0
Strain hardening index, n 0.11 0.14 0. 10 0.13 0.10 0.14
Maximum strain hardening rate, 6, /GPa 4.75 6.98 4.77 7.31 4.04 6.70
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Fig. 1

exponent curves; (b) strain hardening curves

Strain curves of TA34 titanium alloy tube blank at constant strain rate (0. 001 s ') : (a) strain hardening
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Fig. 2 Microstructures of TA34 titanium alloy tube blank
(a) M state; (b) HT state
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Fig. 3 Stress cloud diagram of TA34 titanium alloy tube blank under drum wave pressure of 18 MPa
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Fig. 4  Stress contours of DN85 bellows forming by TA34 titanium alloy tube blank under different wave depth coefficients:

(a) k=1.181; (b) k=1.196; (c) k=1.210
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Fig. 5  Strain contours of DN85 bellows forming by TA34 titanium alloy tube blank under different wave depth coefficients

(a) k=1.181; (b) k=1.196; (¢) k=1.210
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Table 2 Test results of DN85 bellows forming by TA34 titanium alloy tube blank

No State  Division bar thickness/mm Internal diameter/mm  External diameter/mm Wave depth coefficient, & Forming result
1* HT 8.5 84.5 96.5 1. 142 Intact

2¢ HT 10.7 84.5 98.2 1.162 Crest crack
3* HT 11.4 84.5 98.3 1.163 Inner fold
4* HT 11.4 — — — Micropore
5" M 11.4 84.5 98.5 1. 165 Intact

6" M 11.6 84.5 98.8 1.169 Intact

7* M 12.5 84.5 99.5 1. 178 Intact
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B 6 DN85 k4 ¢y A B 14
Fig. 6  Typical defects of DN85 bellows: (a) crest crack; (b) inner fold; (¢) micropore
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