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Microstructure and Mechanical Properties of Laser Welded Ti/Al Alloys
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Abstract The welding of TC4 Ti alloy and 6082 Al alloy is realized by 3 kW fiber laser offset welding on Al sheets.
The macro- and micro-structures and mechanical properties of joints are tested. The temperature field distribution of
joints and the thermal cycling curves at Ti/Al interfaces are simulated by the finite element method. The results
show that the joints without cracks and porosity and with good tensile strength can be obtained by Ti/ Al laser offset
welding. During the welding process, the Ti substrate is partially melted and its surface becomes uneven. In the
solidification process, there occurs a thin intermetallic compound layer at the Ti/Al bonding interface, whose main
phase is TiAl;. The tensile test show that the maximum tensile strength of joints is 153 MPa, 72.9% that of Al
substrate. The fracture mode of joints is a brittle cleavage one. The fractures occur in the intermetallic compound
layer, and brittle phases which cause the fracture are TiAl and TiAl;.
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Fig. 1 Laser welding of Ti-6Al-4V alloy and 6082 Al alloy. (a) Schematic; (b) weld formation
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Fig. 2 Laser heat-source. (a) Laser power density distribution; (b) heat-source model for simulation
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Table 1 Parameter setting for double-ellipsoid heat-source model

Front length Rear length Width Depth Heat front Gaussian
Parameter .
¢,/ mm ¢/ mm a /mm b /mm scaling factor parameter
Value 0.25 0.35 0.25 4.0 0.83 3.0
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Fig. 3 Temperature field cloud maps and thermal cycling temperature curves at monitoring points. (a) Temperature

distribution at interface for laser offset welding on Al sheet; (b) temperature distribution of welding pool; (c¢) cross-

sectional temperature distribution; (d) thermal cycling temperature curves
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Fig. 4 2D surface map of bonding interface of Ti-6Al-4V alloy and 6082 Al alloy
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Fig. 5 3D surface profile of bonding interface of Ti-6 Al-4V alloy and 6082 Al alloy. (a) Original profile;

(b) result after median denoising
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Fig. 6 Micrographs of laser welded Ti/Al joints. (a) Al BM and HAZ; (b) weld zone; (c) weld zone near Ti side;

(d) Ti/Al bonding interface and intermetallic compound layer layer
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Fig. 7 SEM image and EDS results of bonding interface. (a) Ti/Al intermetallic compound;

(b) scan energy spectral lines of all main components
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Fig. 8 Element distribution maps at Ti/Al bonding interface by EDS scan. (a) SEM image of bonding interface; (b) layered

image by EDS scan; (c¢) distribution map of Ti element; (d) distribution map of Al element; (e) distribution map of V element
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