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Investigation on the Isothermal Stamping Process of the Large—size TATELI
Helium Cylinder Shell

WEI Shi JI Wei LU Zichuan YAO Caogen ZHANG Xuhu

(Aerospace Research Institute of Materials & Processing Technology , Beijing 10076)

Abstract  The isothermal stamping process of hemisphere shell for the large—size TA7ELI helium cylinder used for
future launch vehicles had been researched in this work. The isothermal stamping process of hemisphere shell was simulated
by finite element analysis software before a forming process, the influence of the process on the material properties was
investigated by comparing the changes of the material microstructure and mechanical properties before and after the forming.
Experimental result indicates that during isothermal stamping, the stress and strain of the material gradually extends from
the core to the edge, the applied load reaches the maximum value when the forming process operates later period.
Furthermore, the thinnest position of the hemisphere shell is around the center of the ball bottom. The grain morphology

and size of TA7TELI material changes little after stamping, and the strength of the shell at room temperature and 20 K is

almost the same as that before forming. The elongation of the shell at room temperature increases after forming, and the

elongation of the bottom of the shell at 20 K decreases but still meets the requirements.
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Fig. 1 Structure of TA7ELI helium cylinder hemisphere
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Fig. 2 Isothermal stamping simulation modeling
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Fig. 3 Stress strain curves of TA7ELI at 850 C
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Fig. 4  Distribution and variation of equivalent stress
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Fig. 5 Distribution and variation of equivalent strain
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Fig. 6 Variation of punch load during forming process
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Fig. 7 The radial wall thickness distribution of the hemisphere
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Fig. 8 Original microscopic structure of TA7ELI material
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Fig. 9 The hemisphere shell after forming by isothermal stamping
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Fig. 11 Microstructure of TA7ELI material after isothermal
stamping
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Fig. 12 Comparison of mechanical properties at room
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2000
L [ZZ) Tensile strength ] 28
{277 Elongation
1600 F 104
' A A 7 20
=1200 | ]
=¥ _
= 116
© 800 f / J12 ©
V/ .
400 - g / e
Y {4
7 e
0 - ) <
Sty AR 2 ER 1 2 BRI 1R H
=S ALY

P13 A b 2 BR A 20 KA 2~ VEREXT H
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hemisphere after isothermal stamping
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Fig. 14 TA7ELI titanium alloy hemisphere after machining
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