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Tablel Composition of TA5 titanium alloy (w/%)
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Fig.1 Plume in laser welding under different power: (a) 1 kW,
(b) 3 kW, (c) 4 kW, and (d) 6 kW
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Fig.2 Morphologies of joint profile under different laser power: (a) 2 kW, (b) 4 kW, (c) 6 kW, (d) 8 kW, (e) 10 kW, and (f) 11 kW
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Kl 4 10 mm JE TAS B a0 x50 48 S0
Fig.4 Profiles of TAS titanium alloy laser butt welding with
thickness of 10 mm: (a) front and (b) back
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Fig.5 DR pictures of TAS titanium alloy laser butt welding with

thickness of 10 mm
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Table2 Mechanical propertiesof joints

Tensile strength

Sample No.  Size/mm
Rnw/MPa
1# 37x10 807 Qualified
2# 37x10 804 Qualified

F3 ELTHMERIEER
Table3 Bending properties of joints

Sample No. Size/mm Bending type
1# 10x10 Lateral Qualified
2# 10x10 Lateral Qualified
3# 10x10 Lateral Qualified
4# 10x10 Lateral Qualified
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Fig.6 SEM images of fracture surface
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Fig.7 Macrostructure of joint
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Fig.8 Isosurface diagram of molten pool
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Fig.9 OM microstructures of different zones in the joint:
(a) upper part of WZ, (b) middle part of WZ, (c) lower
part of WZ, (d) near HAZ, (e) near BM, and (f) BM
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Fig.10 Martensite in weld zone
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Fig.11 EBSD IPF maps and grain boundary diagrams (GBD) of
different zones: (a) IPF+GBD of WZ, (b) IPF+GBD of

HAZ, (c) GBD of WZ, and (d) GBD of HAZ
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Study on High Power Fiber Laser Welding Technology of TA5 Titanium Alloy

Lei Xiaowei, Liu Jia, Yu Wei, Chen Liyang, Ma Zhaowei, Fu Chengxue
(Luoyang Ship Material Research Institute, Luoyang 471000, China)

Abstract: High power fiber laser welding was conducted on TAS5 titanium alloy with 10 mm in thickness. High speed photography was
used to investigate the effect of the laser welding plume on the welding process. The results show that when the laser power reaches 3-
4 kW, the plume become serious, and the splash and soot increase obviously in amount. The weld metallography test manifests that the
weld section is “wedge-shaped” when the laser power is low, while the weld section becomes “funnel shaped” when the laser power is
larger than 6 kW. When the laser power is 10-11 kW, and the welding speed is 1100-1500 mm/min, an excellent “keyhole” welding joint is
obtained, and the welding seam is of typical high-energy beam joint shape with a large ratio of depth to width up to 2:1. RT and PT tests
show that the weld seam can satisfy NDT (non-destructive test) standard. The mechanical test indicates that the strength of the welded
joints can reach 800 MPa, which can meet the bending standard. The fracture dimple is obvious, which indicates its ductile fracture.
Metallographic test exhibits that the section of weld zone is “girdle-shaped” morphology and the columnar crystal zones are obvious, with
an obvious competitive growth of mode of each columnar crystal zone. The weld zone is mainly composed of serrated a+punctate 5. The
hardness test shows that the hardness of the weld zone is slightly higher than that of base metal, and that of the heat-affected zone is the
lowest, which can satisfy the hardness requirements of titanium alloy joints.

Key words: TA5 titanium alloy; high power fiber laser; metallography profile of weld; mechanical property of joint
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