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Table 1 Parameters of rigid restraint thermal self-

compressing bonding

Beam Focus Beam Heating
No. voltage, current, current, time,
Ub/kV If/mA Ib/mA th/S
1 2.4 120
2 2.2 150
3 150 2759 19 300
4 1.8 450
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Fig.3 Mesh generation near the bond interface
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Fig.4 Schematic demonstration of the elongated Gaussian heat

source
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results of thermal cycles (a) and residual stresses
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Fig.6 Thermal cycles of P1 point (a), P2 point (b) and P3 point (c) illustrated in Fig. 3 during bonding at different heating time
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Fig.7  Transversal stress and strain histories of P2 during
bonding at the heating time of 120 s (a), 150 s (b),
300 s (c), and 450 s (d)
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Table 2 Mechanical properties test results and fracture

locations of the joint at the heating time of 120 s

Heating time, Tensile strength, Elongation, .
Fracture location

th/s on/MPa 6l%
987.6 0.4 Bond interface
120 1017.7 12.7 Base metal
1019.6 6.7 Bond interface
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Fig.11 Fracture location of the joint produced at the heating time of 120 s (a) and the fracture morphologies of the tensile samples:

(b) 120s-2 sample and (c) 120s-3 sample
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Effect of Heating Time on Rigid Restraint Thermal Self-Compressing Bonding
of TC4 Alloy

Deng Yunhua'? Guan Qiao™? Tao Jun?, Wu Bing? Wang Xichang?
(1. Beihang University, Beijing 100191, China)
(2. Science and Technology on Power Beam Processes Laboratory, Beijing Aeronautical Manufacturing Technology Research Institute,
Beijing 100024, China)

Abstract: TC4 alloy was bonded by a new solid-state bonding process named as rigid restraint thermal self-compressing bonding at
different heating time. Effect of heating time on bond interface, microstructure and mechanical properties was investigated through the
optical microscope observation, scanning electron microscope analysis and mechanical properties test to the joints produced at different
heating time. In the meantime, thermal stress-strain history during bonding was analyzed by finite element analysis. Results show that with
the increase of heating time, the dwell time over high temperature, the action time of compressive stress and the transversal compressive
plastic strain increase which promote the atom diffusion between butt-specimens and thus the number of voids retained at bond interface
decreases. When the heating time is improved to more than 300 s, sound solid-state joint with good bond interface, homogeneous
microstructure and good mechanical properties is obtained.

Key words: heating time; rigid restraint thermal self-compressing bonding; microstructure; mechanical properties; finite element analysis
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