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Variation in the Residual Stress of Hastelloy X Superalloy Fabricated by
the Laser Powder Bed Fusion Process with Sample Thickness and
Support Structure
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Abstract

The purpose of this study was to investigate the effects of sample thickness and support structure on the residual stress of
Hastelloy X superalloy samples fabricated by laser powder bed fusion (LPBF), which is an additive manufacturing process.
The residual stresses of LPBF samples with different thicknesses and support structures were measured using X-ray
diffraction. The results revealed that as the thickness of sample increased from 2.5 mm to 20 mm, its tensile residual stress
gradually decreased from 443.5 MPa to 182.2 MPa. Additionally, the residual stress in the bottom region of sample was
higher than that in the top region, and the residual stress difference in the bottom and top regions became more pronounced
as the sample thickness decreased. The residual stress of LPBF sample also varied depending on the structure of support.
The residual stress of sample decreased with increasing contract area between the sample and the support, because the larger
contract area led to smaller temperature gradient throughout the sample.
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Table 1 Composition of Hastelloy X powder that are
processed using LPBF (wt.%)
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Fig. 1 3D modeling schematic diagrams of LPBF
samples: (a) 2.5T, 5T, 7.5T, 10T, and 20T samples
with different thicknesses, (b) Solid, Shd0.2,
Shd3.0, Shd3.0P, and Tree samples with different
support structures, and (c) overall build position
of fabricated samples.
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Fig. 2 Residual stresses of LPBF samples with
different thicknesses
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Fig. 3 (a) Schematic illustration showing XRD measurement points. (b—f) Residual stress distribution maps of
(b) 2.5T, (c) 5T, (d) 7.5T, (e) 10T, and (f) 20T samples.
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Fig. 4 Schematic images showing formation of tensile residual stress between sample and baseplate due to
molten-pool solidification.
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