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Effect of substrate thickness on microstructure and temperature
history of direct laser fabricated Ti-6A1-4V alloy
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Abstract: Cooling rate is one of the most important factors in determining the resultant microstructure of the material
during the direct laser fabrication process (DLF). A gradual heating or prolonged cooling effects are obtained and it is
possible to dictate the cooling rates and affect the solidification microstructure through reasonable controlling the
thickness of substrate. Pulse wave and continuous wave laser were used to study the effect of various thickness of
substrate on the microstructure of the specimens, respectively. It is found that a few volume fractions of columnar grains
located in the center of the samples turn to coarser and shorter, and the sample is composed of a large number of equiaxed
grains with the increasing of the substrate thickness. Compared with the pulse laser, nearly 100% fine equiaxed grain
could be obtained through using continuous wave laser. Thick substrate can get a smaller peak temperature but higher
cooling rate to change the microstructure in the initial stage.
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Fig. 1 Laser spot overlap and pulse shape using in laser
deposition: (a) Laser spot overlap; (b) Square pulse wave laser;

(c) Continuous wave laser
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Fig. 3 Macrostructures of pulsed laser-deposited Ti-6Al-4V
alloy by using different thickness substrate: (a) 10 mm; (b) 60

mm
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Fig. 4 Macrostructures of continuous wave laser-deposited
Ti-6Al-4V alloy by using different thickness substrate: (a) 10

mm; (b) 60 mm
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Fig. 5 Comparison of measured temperatures of different thickness substrate by using pulse laser ((a), (b), (c)) and continuous
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wave laser ((a'), (b"), (¢)): (a) TC1, located in edge: 2 mm away from scanning path; (b) TC2, located in center: 2 mm away from

scanning path; (c) TC3, located in edge: 5 mm away from scanning path
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