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Fig. 1 Schematic diagram of shapes and sizes of the printed samples
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Fig. 3 Schematic diagram of forming process of the samples at various angles
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Fig. 4 Microhardness and its indentation diagrams of formed specimens with different inclination angles
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Fig. 5 Strength values of the samples of 45° angle with different heat
treatment processes
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Fig. 6 Microscopic morphologies of tensile fracture of the samples of 45° angle with different heat treatment processes
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Performance of TC4 Complex Surface Components Formed by SLM with
Various Inclination Angles
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Abstract:

In order to explore the SLM forming of TC4 titanium alloy high-performance and complex curved
components, the laser beam was selected to scan in the perpendicular substrate direction, and the forming and
Y-axis were formed at four typical inclination angles of 0°, 30°, 45°, and 60°, to investigate the influence of
the tilt angle on the surface morphology, internal structure and mechanical properties of the formed parts. In
order to improve the comprehensive properties of the complex components formed by the SLM, the solution
treatment and complete annealing treatment of 45° inclination angle specimens were analyzed, and the effect
of heat treatment on the tensile properties and fracture morphology of the 45° inclination angle specimens was
discussed. The results showed that there were defects such as spheroidization, gully, ridge and undissolved
powder adhesion on the surface of TC4 samples with different inclination angles, and microhardness had little
effect. After solution treatment at 950 °C , the a phase dissolved, and the strength decreased significantly; the
fracture morphology of the solution treated sample had a large and deep dimple area, and the plasticity of the
sample increased, which was consistent with the strength distribution characteristics. It can be speculated that
there were many surface defects of complex curved components formed by the SLM, but the internal structure
and properties were relatively balanced, and the solution treatment can reduce internal defects and improve
the comprehensive performance of the components.

Key words: SLM forming; TC4 titanium alloy; complex curved surface components; inclination angle;
solution treatment
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