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Table 1 Thermal-physical parameters of Inconel 718"

TI'C 20 100 200 400 600 800 1300

k/W{m-C)* 10 12 14 17 20 26 31

clJ{kg-C)* 362 378 400 412 460 544 583
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Table 2 Thermal-physical parameters of TiC!!

TIC 20 100 200 400 600 800 1300

k/W{m-C)* 23 24 25 29 32 34 39

c/J{kg-C)* 543 623 683 772 840 870 899
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Fig.1 Laser scanning pattern (Point 1 at the center of the first
layer, Point 2 at the center of the second layer) (a) and 3D

finite element model (b) in SLM process
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Table 3 Finite element simulation parameters

Parameter Value
Absorptivity, A 0.7
Powder layer thickness, d/um 50
Laser spot size, D/um 70
Hatch spacing, s/um 50
Ambient temperature, To/C 20

Laser power, P/W 50, 75, 100, 125

Scan speed, v/mm s 50, 100, 200, 300
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Fig.2 Temperature contour plots at P = 100 W and v = 100 mm/s:
(a) top surface of the molten pool of point 1,
(b) longitudinal view of the molten pool of point 1, (c)
top surface of the molten pool of point 2, and (d)

longitudinal view of the molten pool of point 2
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Fig.4 Remelted width and remelted depth during SLM process
under different processing parameters: (a) different scan
speeds (P = 100 W), (b) schematic of the remelted width
(P3 on the left of point 2), (c) different laser powers (v =
100 mm/s), and (d) schematic of the remelted depth (P4
beneath point 2)
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Fig.5 Remelted depth and remelted width under the typical
processing parameters at v = 100 mm/s : (a, b) P =50 W;
(c,d)P=75W; (e, ) P=125 W
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Thermal-Physical Mechanisms during Selective Laser Melting of TiC/Inconel 718
Composites

Shi Qimin, Gu Dongdong, Gu Ronghai, Chen Wenhua, Dai Donghua, Chen Hongyu
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A three dimensional finite element model was established to simulate the selective laser melting (SLM) of TiC/Inconel 718
composites. Latent heat of phase change, multiple heat transfer mechanisms and temperature-dependent thermal physical properties were
considered. The movement of Gaussian laser source and the application of energy of multi-layers and multi-tracks were realized using
APDL secondary development language. The results indicate that there is a positive corresponding relationship between the rate of
temperature change and processing parameters (laser powers and scan speeds). The maximum rate of temperature change is 7.03x10° <C/s.
A high scan speed (300 mm/s) or a low laser power (50 W) yields an extremely short liquid lifetime (0.29 ms) and low temperature
(1991 <), resulting in the formation of a small amount of liquid phase with a relatively high viscosity. This phenomenon is detrimental for
the wettability of the liquid phase among the pores of powders, causing the appearance of irregular pores and the attendant high porosity in
SLM-produced parts. The combination of a laser power of 100 W and a scan speed of 100 mm/s contribute to achieve a sound
metallurgical bonding between the neighboring layers and tracks, due to the appropriate remelted depth (15.1 um), remelted width (35.0
um), the rate of temperature change, the liquid lifetime (1.2 ms) and maximum temperature (2204 °C) of molten pool. The selective laser
melting experiments on a TiC/Inconel 718 powder mixture were carried out and simulation results were verified to be correct.

Key words: selective laser melting; numerical simulation; temperature field; Ni-based superalloys
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