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Table 1 Chemical composition of Hastelloy X powder (w/%)

Fe Cr Co Mo W C Al Ni

1832 21.58 1.48 896 0.60 0.085 0.036 Bal.
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Table 2 Process parameters of laser selective melting molding

Parameter Value
Laser power/ W 200
Scanning speed/mm-s™ 1000
Scanning spacing/mm 0.06
Layer thickness/um 50
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Fig.2 Three-dimensional finite element model of SLM forming

Thermophysical parameters of Hastelloy X alloy: (a) density, (b) thermal conductivity, (c) enthalpy, and (d) specific heat
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Table 3 Tensile properties of Hastelloy X alloy formed by SLM and forging

Forming process Temperature/C Tensile strength/MPa Yield strength/MPa Elongation/%
SLM (vertical section) 25 742.00 332.83 33
SLM (cross section) 25 680.17 314.50 41
Forging!"”’ 25 765.00 335.00 47

7 Hastelloy X & 47 {# b L 2SR
Fig.7 Fracture morphologies of Hastelloy X alloy

after tensile test
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Finite Element Simulation and Anisotropy of Microstructure and Properties
for Selective Laser Melting Formed Hastelloy X Alloy

Zong Xuewen, Zhang Jian, Liu Wenjie
(Institute of Additive Manufacturing Technology, College of Mechanical Engineering, Xi’an University of Science

and Technology, Xi’an 710054, China)

Abstract: Based on the forming principle of Hastelloy X alloy prepared by selective laser melting (SLM), the DLUX subroutine was
written in Fortran language to load Gaussian light source, and finite element analysis software ABAQUS was used to numerically simulate
the transient temperature field and cooling rate of finite element model, and the analysis results were verified by experiments. The heat
transfer, melting, liquid metal flow and solidification process of powder particles and Gaussian light source during forming were studied.
The results show that the microstructure of Hastelloy X alloy presents equiaxed crystal with fish scales in vertical section and feathery
columnar crystal in cross section. SLM forming produces a large temperature gradient, which is a non-equilibrium dynamic process with
high cooling rate. The average cooling rate is 3.02x10° °C/s. Under the effects of high cooling rate and fine grain strengthening, the tensile
strength of vertical and cross sections reach 97% and 89% of that of forging, the yield strength reach 99% and 94% of that of forging product,
respectively. The vertical section shows high strength-plastic matching performance, meeting the requirements of industry standards.

Key words: selective laser melting; forging; Hastelloy X alloy; microstructure; mechanical properties
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