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Table 1 Chemical composition of TC4 titanium alloy (/%)
Al Y, Fe o) C N H Ti
55~6.8 3.5~45 <0.3 <0.2 <0.1 <0.05 <0.015 Bal.
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Table 2 Parameters of rigid restraint thermal self-
compressing bonding
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Fig.3 Thermal cycles of bonding with different parameters
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Fig.4 Microstructures of TC4 base metal and bonded joints: (a) base metal, (b) joint 1, and (c) joint 2
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Table 3 Results of tensile mechanical properties for base
metal and bonded joints

Mechanical properties Base metal Joint 1 Joint 2

Ultimate tensile strength, on/MPa 999.3 997.2 1037.0
Yield strength, oo2/MPa 944.7 9015 972.3
Elongation, 6/% 17.4 3.48 16.5
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Fig.5 SEM images of fracture surface of the tensile specimen: (a) base metal, (b) joint 1, and (c) joint 2
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Microstructure and Mechanical Properties of the Titanium Alloy Joints
by Rigid Restraint Thermal Self-Compressing Bonding

Deng Yunhua'?, Guan Qiao*?, Wu Bing?, Wang Xichang?, Tao Jun?
(1. Beihang University, Beijing 100191, China)
(2. Beijing Aeronautical Manufacturing Technology Research Institute, Beijing 100024, China)

Abstract: A new solid state joining method named as rigid restraint thermal self-compressing bonding is proposed. Solid joints can be
produced using a localized heating method without the use of external force. The butted surfaces of the rigid restrained plates is locally
heated to produce a thermal elastic-plastic stress-strain field to compress the zones to be bonded, and in its turn to facilitate the diffusion
of interface atoms to form solid joint. Experiments were conducted on TC4 titanium plates to show the feasibility of rigid restraint thermal
self-compressing bonding using electron beam as heat source. Thermal cycles of rigid restraint thermal self-compressing bonding were
measured. Microstructure and mechanical properties of bonded joint were investigated. Moreover, effects of temperature on rigid restraint
thermal self-compressing bonding were analyzed. Results show that a perfect solid state joint can be performed. The effects of thermal
cycles and the peak temperature on microstructure and mechanical properties of the bonded joint are notable. Peak temperature lower than
the g transus temperature of TC4 alloy is recommended to perform homogeneous microstructure of the solid state bonded joint with high
mechanical properties equal to base metal.
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