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Microstructure and Performance Evolution of Electron Beam Bonding of TC4 Titanium Alloy

Miao Jinfang', Wang Aigin', Lu Yifan®, Yu Wei*, Xie Jingpei', Liu Pei', Liao Zhigian®
(1.School of Materials Science and Engineering, Henan University of Science and Technology;
2.The 725th Research Institute of China Shipbuilding Industry Corporation)
Abstract ; The temperature field of TC4 titanium alloy plate with thickness of 20 mm during vacuum electron beam
bonding was numerically simulated, and subsequent annealing treatment was performed. The microstructures and
mechanical properties of the joint before and after annealing were analyzed by optical microscope, microhardness
tester, tensile tester and impact tester. The results indicate that there exists a large temperature gradient in the
joining zone and adjacent heat affected zone during vacuum electron beam bonding of TC4 titanium alloy, which
reaches up to 1 000 “C. After annealing treatment, the microstructure of the joint is composed of acicular mar-
tensite ¢ phase, and that of heat-affected zone consists of acicular martensite ¢’ phase and the original o and
phases. The phase composition of electron beam joint remains stable, while grain size is refined. The abrupt phe-
nomenon of hardness from the heat affected zone to the base metal zone of the electron beam joint is eliminated by
annealing treatment, where the tensile strength of the electron beam joint reaches 98% of base metal, and the im-
pact toughness is over 6.0% higher than that of ones before annealing.
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Tab.2 Thermo-physical parameters of TC4 alloy
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Fig.1 Microstructure of TC4 titanium alloy base metal
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WEE/C /(o kg P e T HER/(Wem T
20 611 6.8
200 653 8.7
400 691 10.3
600 713 13.7
700 725 14.4
800 735 15.8

1 000 754 18.3
1200 771 21.7
1 400 787 24.5
1540 800 25.3
1 650 806 20
1 800 806 20
=1 800 806 20
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Fig.2 Schematic diagram of heat source model
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Fig.3 Morphology comparison between simulated and
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Fig.5 Temperature field of electron beam joint at different moments
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Fig.6 Temperature field and thermal cycle curves of TC4

titanium alloy electron beam joint along the bonding direction
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Fig.7 Temperature field and thermal cycle curves of TC4

titanium alloy electron beam joint in vertical bonding direction
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Fig.8 Macro morphology of TC4 titanium alloy joint
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Fig.9 Microstructure of electron beam bonding joint of TC4 titanium alloy before and after annealing
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Fig.10 Microhardness measurement locations
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