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Table 1 Thermo-physical parameters of TA15 titanium alloy

. Thermal  Specific heat Coefficient of
Tempera- Density, . .
ture, T/ C plkg m" conductivity, capacity, thermal expan-
’ P AWt Cf) kgt C sion, of X 10° 2L

20 4450 8 520 0.9
200 4450 10.2 587 0.9
400 4450 12.2 670 0.9
600 4450 151 755 0.94
1540 4450 25 1162 0.97
1650 4450 22 1200 0.97
2000 4450 20.5 1200 0.97
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Table 2 Composition of TA15 titanium alloy powder (w/%)
Al Zr Mo \% Ti
5.5~7.1 1.5~25 1.05~2.0 0.8~2.5 Bal.
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Fig.4 Thermal cycle of different nodes
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Fig.5 Temperature distribution of melt pool on different deposition layers (C): (a) 5, (b) 10, (c) 15, (d) 20, (e) 25, and (f) 30
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Fig.8 Topside images of melt pool at the same position on different deposition layer: (a) 5, (b) 10, (c) 15, (d) 20, (e) 25, and (f) 30
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Fig.11 Schematic diagram of melt pool inclination variation: (a) melt pool and (b) melt pool inclination
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Correlations of Thermal Accumulation and Melt Pool Geometry
during Laser Deposition Manufacturing of Titanium Alloy

Qin Lanyun®, Xu Lili*, Yang Guang®, Liu Qi?, Wang Wei'
(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)
(2. Capital Aerospace Machinery Company, Beijing 100076, China)

Abstract: In order to study the effect of thermal accumulation of laser deposition manufacturing (LDM) process on melt pool geometry, a
three-dimensional (3D) multi-layer model for LDMed TA15 titanium alloy was developed to discover thermal cycle characteristics, temperature
distribution of melt pool and melt pool geometry. Results show that melt pool width increases gradually with the increase of deposition layer
because of thermal accumulation. The numerical results are validated by experimental-measured values collected by in-situ monitoring
techniques. Thermal accumulation is strongly correlated to melt pool width and melt pool inclination; however, melt pool temperature and width
become stable gradually after a certain number of layers. The experimental data and model prediction are in good agreement.

Key words: laser deposition manufacturing; melt pool; thermal accumulation; numerical simulation; melt pool inclination
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