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Table 2 Laser welding parameters

Impulse Welding Spot  Defocusing
Current/ . Frequency/ .
A width/ speed/ diameter/ amount/
z
ms mm-s’ mm mm
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Fig.1 Schematic of welding processing with ultrasonic system
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Fig.2 Welding surface morphology without ultrasonic vibration
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Fig.3 Surface morphologies of welding joints with different ultrasonic vibration powers: (a) 400 W, (b) 800 W, (c) 1200 W, and (d) 1600 W
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Fig.4 Profile morphologies of welding joints surface: (a) without

ultrasonic vibration field and (b) with ultrasonic vibration

power of 1200 W
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Fig.5 Microstructure (a) and XRD pattern (b) of welding joints

without ultrasonic vibration field
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Fig.6 Martensite morphologies of welding joints with different ultrasonic vibration powers:

(a) 400 W, (b) 800 W, (c) 1200 W, and (d) 1600 W
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Fig.7 Relationship between driving force of martensite

transformation and temperature
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Fig.8 Microhardness distribution curves of welding joints with

different ultrasonic vibration power
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Effect of Ultrasonic Vibration on Microstructure and Hardness
of TC4 Titanium Alloy Laser Welding Joints

Liu Haodong', Hu Fangyou', Dai Jingtao', Cui Aiyong', Huang Fei’, Li Hongbo®
(1. Naval Aeronautical University Qingdao Branch, Qingdao 266041, China)
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Abstract: In order to improve the laser welding quality of TC4 titanium alloy, ultrasonic processing across different phases based on laser
welding was introduced to assist laser welding, and the effects of ultrasonic vibration field on the macromorphologies, microstructures and
microhardness of the laser welding joints were studied by changing the ultrasonic vibration power. The results show that under the effect
of the ultrasonic vibration field, with the increase of ultrasonic vibration power, clumped concaves appear on the welding surface, and the
surface roughness of the welding joints is lower; meanwhile, the acicular o’-martensite content is more intense, and its orientation and
arrangement are more cluttered; besides, the acicular o’-martensite average length is shorter because of ultrasonic vibration and radiation
pressure. The microhardness of welding joints increases, but the microhardness of heat affected zone and the base metal area remain
unchanged with the increase of ultrasonic vibration power.

Key words: TC4 titanium alloy; ultrasonic processing across different phases based on laser welding; laser welding; microstructure;

microhardness
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