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Abstract TA2/TA15 gradient material was prepared using the laser direct deposition technique. The
microstructural evolution and bending properties of this material were investigated, and the stress-strain behaviors
of the gradient-transition zone with different compositions were discussed by finite-element simulation. The results
show that when the alloy composition transitions from TA15 of bottom to TA2, the microstructure gradually
changes from an a+ 8 basket-weave phase to a single-a phase, the types of alloy elements and B-phase volume
fraction gradually decrease, and the a-phase volume fraction gradually increases. The microhardness and bending
strength increase with the increase of Al-element content and the bending strength gradually increases from 964 MPa
to 2156 MPa. The finite element stress field simulation results show that the top is subjected to compressive stress
and the bottom is subjected to tensile stress during bending deformation of the specimen. Compared with the TA15
sample, the decrease of Al content will reduce the bending strength of the gradient material but greatly improve the
plastic ability and achieve the uniform stress transition. Among all the samples, GZ-3 has the best comprehensive
properties.
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Table 1 Chemical composition of TA2 and TA15 alloys

Alloy

Mass fraction /%

Ti Al Zr Mo C Fe Si O N H
TA2 Bal. - - - 0.10 0.30 — 0.25 0.05 0.015
TA15 Bal. 5.5-7.0 1.5-2.5 0.5-2.0 0.8-2.5 0.10 0.25 0.15 0.15 0.05 0.015
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Fig. 1 Schematic of laser direct deposition process and sampling diagram for three-point bending experiment.

(a) Schematic of multi-channel and multi-layer deposition; (b) sampling diagram for three-point bending experiment
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Fig. 2 Geometric model and meshing of three-point bending experiment in finite element simulation
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(b) beginning position of crack propagation path
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Fig. 10 Stress field distribution of gradient materials obtained by finite element simulation when the load is 200 N,

400 N, and 600 N. (a) TA15 model; (b) GZ-1 model; (¢) GZ-2 model; (d) GZ-3 model
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