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Fig.1 Finite element modeling
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Table 1 Material properties of TA15 titanium alloy at different temperatures

Temperature/C Thermal Specific heat capacity Coefficient of thermal
P conductivity/W -C*m™* /I kg?t-c? expansion/ X 107 “C .
20 8.0 520 0.9
200 10.2 587 0.9
400 12.2 670 0.9
600 15.1 755 0.94
1540 25.0 1162 0.97
1650 22.0 1200 0.97
2000 20.5 1200 0.97
1601 C *
1752 C*
1903 C o
Deposstion < o Point 2 2054 C «
layers - 2204 C «
' » Point | 2355 C s

Sahsinuy -
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Fig.2 Schematic illustration of node positions
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Fig.3 Temperature field distribution of laser deposited specimen
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Fig.5 Thermal cycle profile of point 1 (a) in substrate and point
2 (b) in deposition layers
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Fig.6 XRD patterns of the laser deposition layers
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Fig.7 Macrograph of laser deposition specimen
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Fig.8 Micrographs of laser deposition samples: (a) substrate, (b~d) heat affected zone and (e, f) laser deposition layer
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Fig.9 Microstructure around a layer band in deposition layers
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Fig.10 Contrast optical micrograph of different zones in deposition layers with different thermal cycles: (a) top layer, (b) middle layer,

and (c) bottom of remelting zone
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Fig.11 Morphology of « lamella and colonies
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Fig.12 Microhardness distribution of laser deposition sample
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Fig.13 EDS result of laser deposition specimen
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Abstract: In order to analyze the effect of thermal behavior on microstructural evolution in laser deposition manufacturing process, a
finite element model was constructed to simulate the temperature field distribution and thermal cycle characteristics. The simulation
results show that any node in the substrate and the deposition layer experiences heating or cooling cyclically. And the macro and
microstructure of the laser deposited specimen were investigated to determine the evolution of microstructural features in multi-pass
deposition layers. The macro and microstructures exhibit epitaxial coarse columnar prior f grains with basketweave or colony o lamella.
The width of « lamella changes, and a lamella has basketweave Widmanstatten or colonies Widmanstatten morphology. The line scanning
results by energy dispersive spectrometer (EDS) indicate that major alloy elements, Ti, Al, Zr, Mo and V, are distributed uniformly from
the substrate to the deposited layer without fluctuation and segregation, suggesting that evolution of microstructure is not the result of
segregation but of the heat history.

Key words: laser deposition manufacturing; titanium alloy; microstructural evolution; temperature field; thermal behavior
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