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Table1 Chemical composition of Ti-6Al-4V alloy plate (w/%)

Al \% Fe Cc N H 0 Ti

6.19 423 0.09 0.022 0.011 0.0013 0.12 Bal.
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Table 2 Chemical composition of high-temperature alloys DZ22 for tool (/%)

C Cr Co w Al Fe Nb B Zr Hf Ni
0.12-0.16 8.0-10.0 9.0-11.0 11.5-12.5 4.75-5.25 1.75-2.25 <0.35 0.75-1.25 0.01-0.02 <0.10 1.0-2.0 Bal.
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Fig.1 Schematic diagram of tool profile
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Fig.2 Schematic of welding process
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Fig.3 Appearances of tool pin after welding for different travel length: (a) 0 mm, (b) 60 mm, (c) 120 mm, and (d) 180 mm
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Fig.4 Appearances of tool shoulder after welding for different travel length: (a) 0 mm, (b) 60 mm, (c) 120 mm, and (d) 180 mm
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Fig.5 Wear rate of tool after welding for different travel length
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Fig.6 Macroscopic image of cross section of the weld after welding for travel length of 180 mm (BM: base metal; SZ: stir zone; HAZ: heat

affected zone)
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Fig.7 SEM morphology of region 1 in Fig.6a and EDS line scanning of Ni (b) and O (c) elements along the arrow A — B
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Fig.8 SEM morphology of region 2 in Fig.6 (a) and corresponding EDS mappings of Ti (b), O (c), Al (d), Ni (e), Cr (f), and Co (g) element
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Fig.9 SEM morphologies of tool pin end position (a), root position (b) and tool shoulder (c) after welding for travel length of 180 mm;

SEM morphology and corresponding EDS element mappings for the tool shoulder area (d)
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Fig.10 Schematic diagrams of tool wear mechanism at different stages of the first welding: (a) the pressing stage, (b) stopping stage,

(c) travelling stage, and (d) leaving stage
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Fig.11 Schematic diagrams of tool wear mechanism for welding at different stages after the tool being used: (a) the pressing stage, (b) stopping

stage, (c) travelling stage, and (d) leaving stage
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Influence of Welding Distance on Tool Wear in Friction Stir Welding of Ti-6Al-4V Alloy

Zhang Zelong®, Liu Qiang®, Sun Chenyang*, Cheng Guowen®, Shao Shuai?, Chen Yi*, Huang Yongde®
(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)
(2. Shang Hai Fanuc Robot Co., Ltd, Shanghai 200000, China)

Abstract: The hot rolled plates of TC4 titanium alloys were welded by friction stir welding (FSW). The wear characterization of DZ22 superalloy
tool was conducted by mass loss measurement, 3D photographic technique, SEM and EDS analysis during FSW of TC4 titanium alloy. The
influence of welding distance on tool wear in FSW of TC4 alloy was investigated. The results indicate that the wear of tool is positively correlated
with welding distance. Severe tool wear occurs after welding for 180 mm. The length of tool pin is shortened by 0.24 mm and the wear rate is
0.97%; the depth of tool shoulder is shortened by 0.4 mm and the wear rate is 1.73%; the mass of tool is reduced by 0.15 g and the wear rate is
0.74%. In the process of TC4 FSW, high temperature and high pressure are the main reasons for the wear of tool. Tool wear types include
mechanical wear, abrasive wear, adhesion wear and oxidative wear. The wear of tool is usually the result of the interaction of these wear types.
The wear products of tool will pollute the FSW joints and form defects.

Key words: FSW; TC4 alloy; tool wear; wear rules
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