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ABSTRACT

Metal additive manufacturing, also known as metal 3D printing, is a cutting-edge manufacturing process that involves building
metal parts layer by layer from a digital 3D model. This paper describes the distribution of residual stress in a 10 mm thick
Inconel 625 plate fabricated using Atomic Diffusion Additive Manufacturing (ADAM). This study aims to investigate the
effects caused by the ADAM process, focusing on the formation of residual stresses in Inconel 625 3D printed parts. The
contour method, a district technique, was employed for measuring residual stresses. This method, although destructive, offers
a two-dimensional stress map. The results revealed that the ADAM process produces lower tensile residual stress compared to
other metal additive manufacturing methods, making it ideal for applications demanding precise dimensional accuracy and
enhanced structural integrity.
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INTRODUCTION

Metal additive manufacturing (MAM), referred to as metal 3D printing, is an advanced manufacturing technique where metal
components are fabricated layer by layer based on a digital 3D model [1]. Atomic Diffusion Additive Manufacturing (ADAM)
is one of the metal additive manufacturing techniques which prints metal parts layer-by-layer and then uses a sintering process
to fuse these layers [2]. Through controlled atomic diffusion, this process allows for enhanced precision and the creation of
parts with complex geometries, making it a valuable tool for modern manufacturing applications. However, for the application
of high-integrity structural components that operate under extreme conditions of high temperature, pressure such as turbine
engine components in aerospace applications, it is vital to understand the complete landscape of material properties of these
printed parts, as well as the effects of the ADAM process on 3D printed metal parts, specially for internal residual stress.
Residual stresses develop in almost all fabrication and manufacturing processes. Residual stresses, present in a material without
external loads, self-equilibrate throughout its volume, exhibiting varying compressive and tensile stresses. They can reach high
magnitudes with significant gradients, potentially causing fatigue, stress corrosion cracking, and premature failure. While
externally applied loads can be accurately calculated, predicting residual stresses requires a more complex approach due to
their unpredictable nature [3]. There is a wide range of techniques available to measure residual stress, categorised as
destructive, semi-destructive, and non-destructive. The contour method, a destructive technique for engineering component
analysis, provides a two-dimensional stress map. The contour method involves cutting the test component in half, The cut
surfaces deform due to residual stress relaxation. Measurements of this deformation are utilised to back calculate a two-
dimensional map representing the original residual stresses normal to the cut plane [4]. For this study, Inconel 625, a nickel-
chromium-based superalloy known for its exceptional corrosion resistance and strength at high temperatures, was fabricated
using the ADAM 3D printing technique. The contour method was employed to analyse the residual stresses induced by the
ADAM process.

RESIDUAL STRESS MEASUREMENTS

The dimensions of the sample plate were 60 mm in length, 50 mm in width, and 10 mm in thickness. For stress measurement,
a contour cut was performed at the mid-length of the sample to capture the longitudinal residual stress component. The cut was
executed using a Fanuc Robocut a-C600i wire electro-discharge machine (EDM), using a brass wire with a diameter of 0.25
mm. The sample was symmetrically and rigidly clamped during the wire EDM cut. The cut progressed through the thickness
and along the width of the sample at a cutting speed of approximately 0.5 mm/min. Figure 1 illustrates the Inconel 625 sample
fabricated using the ADAM 3D printing technique after being cut with WEDM. Subsequently, surface displacement profiles



of the cut surfaces were measured using a Zeiss Contura g2 coordinate measuring machine (CMM) with a 3 mm diameter probe
in scan mode. Following this, precise data analysis steps were conducted to measure the residual stresses, involving data
smoothing over an optimal length-scale and selection of an appropriate finite element mesh density. A cross-sectional map of
the longitudinal residual stress measured using the contour method for the Inconel 625 ADAM 3D printed part is presented in
Figure 2.

RESULTS

The contour method measurement results reveal a low value of tensile stresses within the longitudinal stress map, indicating
that the ADAM process generates lower tensile residual stress compared to other metal additive manufacturing techniques such
as Wire-feed Additive Manufacturing (WFAM) and Wire Arc Additive Manufacturing (WAAM) [5], [6]. While both WFAM
and WAAM utilise welding arcs to melt wire feedstock, ADAM employs a focused energy beam, such as a laser or an electron
beam, for precise melting of metal powder or wire feedstock. This focused energy beam allows for precise control over the
melting process, resulting in reduced residual stresses.
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Figure 1: the Inconel 625 sample produced through | Figure 2: Map of the longitudinal stresses for the Inconel 625 ADAM 3D printed
ADAM 3D printing, post-WEDM cutting. part.

CONCLUSION

The contour method can be successfully employed to characterise the residual stress in Inconel 625 material parts produced by
the Atomic Diffusion Additive Manufacturing (ADAM). The findings from the contour method measurements show a low
presence of tensile stresses in the longitudinal stress distribution, suggesting that the ADAM process produces significantly
reduced tensile residual stress when compared to alternative metal additive manufacturing methods.
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