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ABSTRACT: We investigated the effects of building orientation and heat treatment temperature on the anisotropy of
SLM- formed AlSilOMg specimens. Three different deposition orientations of 0°, 45° and 90° and heat treatment
temperatures of 270 °C, 300 °C and 330 °C were used to hold the specimens for 2 h, followed by furnace cooling.
Al10SiMg is renowned for its lightweight, high-strength properties, making it ideal for aerospace structures. LPBF
offers the ability to produce complex geometries with reduced material waste compared to traditional methods.
However, mechanical properties of LPBF-produced parts can vary based on build orientation due to microstructural
differences induced during printing. Samples were fabricated in vertical, horizontal, and inclined orientations, and
tensile tests were conducted to evaluate properties such as ultimate tensile strength, yield strength, and elongation at
failure. Preliminary results indicate significant variations in mechanical properties depending on build orientation, with
parts built vertically demonstrating superior strength. These findings offer insights for optimizing build orientation in
LPBF-produced Al10SiMg components for aerospace, aiding in enhanced performance and reliability while
minimizing material usage and production time.
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L. INTRODUCTION

The aerospace industry is continually driven by the demand for lightweight yet high-strength materials to enhance the
performance and efficiency of aircraft structures. Among the materials utilized for aerospace applications, aluminum
alloys have garnered significant attention due to their favorable combination of low density, excellent mechanical
properties, and corrosion resistance. Al110SiMg has emerged as a promising super alloy for aerospace components
owing to its exceptional strength-to-weight ratio and suitability for complex geometries. With the advent of additive
manufacturing technologies, such as Laser Powder Bed Fusion (LPBF), new opportunities have emerged for fabricating
aerospace components with intricate designs and optimized material usage. LPBF enables the layer-by-layer deposition
of metal powders, fused together by a high-powered laser, to create parts with reduced waste and enhanced design
freedom compared to conventional manufacturing methods. However, the mechanical properties of LPBF-produced
parts can be influenced by various factors, including build orientation. During the printing process, the solidification
and cooling rates vary depending on the orientation of the part relative to the build plate, leading to differences in
microstructure and resulting mechanical properties. Understanding how build orientation affects the tensile properties
of LPBF-produced Al10SiMg super alloy is essential for optimizing component design and ensuring performance
requirements are met in aerospace applications. This study aims to investigate the effect of build orientation on the
tensile properties of LPBF-processed Al10SiMg super alloy, providing valuable insights into how orientation impacts
mechanical performance. By systematically evaluating tensile properties such as ultimate tensile strength, yield
strength, and elongation at failure for parts fabricated in different orientations, this research seeks to elucidate the
relationship between build orientation and mechanical behavior. Ultimately, the findings of this study will inform the
development of optimized manufacturing strategies for LPBF-produced Al10SiMg components in aerospace
applications, facilitating the advancement of lightweight, high-performance structures for next-generation aircraft.

IJIRSET©2024 |  AnISO 9001:2008 Certified Journal | 9877



International Journal of Innovative Research in Science. Engineering and Technology (IJIRSET)

L
ﬂ’\!ﬁg |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Refereed Journal |

IJIRSET | Volume 13, Issue 5, May 2024 ||
| DOI:10.15680/1JIRSET.2024.1305553 |

II. RELATED WORK

Solution Heat Treatment (T6 Heat Treatment): Solution heat treatment involves heating the alloy to a temperature
where the soluble alloying elements dissolve into the aluminum matrix. For AlSi10Mg, this temperature is typically
between 520°C to 560°C (970°F to 1040°F). Hold the alloy at this temperature for a sufficient period to ensure
complete dissolution of the alloying elements. The duration of the soak time depends on the thickness and size of the
part. After soaking, quench the alloy rapidly in a suitable quenching medium, such as water or polymer solution, to
"freeze" the microstructure in a supersaturated solid solution state.

Artificial Aging (T6 Heat Treatment): After solution heat treatment and quenching, the alloy is in a supersaturated state,
which is unstable and prone to aging over time at room temperature. However, to expedite the aging process and
achieve desired mechanical properties, artificial aging is performed.

Artificial aging involves reheating the quenched alloy to a lower temperature, typically around 150°C to 200°C (300°F
to 390°F), and holding it at this temperature for several hours.

The purpose of artificial aging is to allow the alloying elements to diffuse within the aluminum matrix, forming
precipitates (such as Mg2Si) that strengthen the material. This process improves the alloy's hardness, strength, and
other mechanical properties.

Performing a tensile test on AlSilOMg involves securing a sample of the material in a testing machine, often with
specialized grips, and applying a gradually increasing tensile force until the sample fractures. During the test, various
parameters such as load, deformation, and strain are measured.

The results of a tensile test provide valuable information about the material's mechanical properties, including its
ultimate tensile strength (UTS), yield strength, elongation at break, and modulus of elasticity. These properties are
crucial for understanding how a material will behave under tensile stress in real-world applications, helping engineers
and designers make informed decisions about material selection and structural design.

III. METHODOLOGY

v" Sample Preparation: Design and fabrication of test samples with varying build orientations relative to the build
plate.
v' LPBF Processing Parameters: Ensuring consistency in LPBF parameters (e.g., laser power, scanning speed, hatch
spacing) throughout the printing process.
v' Microstructural Analysis: Employing microscopy techniques (optical, electron microscopy) to analyses the
microstructure and grain orientation in samples printed at different orientations.
v Tensile Testing: Conducting tensile tests on the printed samples along different orientations to measure mechanical
properties.
v" Build Orientation Selection:
Define and justify the selection of different build orientations (e.g., horizontal, vertical, inclined).
Consider the application-specific requirements and potential impact on anisotropy.
Ensure that the chosen orientations cover a comprehensive range
v' Specimen Design:
Design tensile test specimens using computer-aided design (CAD) software.
Follow relevant standards (e.g., ASTM E8) for specimen dimensions and geometry.
Include replicates for each build orientation to ensure statistical significance.
v Statistical Analysis:
Perform statistical analyses, such as analysis of variance (ANOVA), to determine the significance of differences
between build orientations.
Use statistical tools to validate the reliability of the results
Optimization Recommendations:
Based on the findings, provide recommendations for optimizing build orientation and LPBF process parameters to
achieve desired tensile properties.
Consider the implications for specific applications or industries

AN
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IV.EXPERIMENTAL RESULTS
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Figure 1: Tensile test result
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Figure 1.1: Tensile Tested Specimens
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Sample code Sample UTS (N/mm”2) 0.2 YS(N/mm?2) Strain at Fracture (%)
Orientation
CPT5 horizontal 471(0.8) 321(1.8) 8.6(0.5)
Vertical ~ 493(0.6) 292(0.6) 6.0(0.6)
CPT6 horizontal  323(0.0) 243(0.0) 15.3(2.4)
Vertical ~ 302(1.4) 223(2.8) 16.0(2.5)
HP AB horizontal 386(2.6) 248(1.7) 8.6(1.4)
Vertical ~ 412(5.5) 228(4.1) 7.0(0.1)

Tensile tests were performed on the investigated alloy to evaluate the influence of the different tempers. In addition,
the effect of sample orientation was considered by testing samples machined from both horizontal and vertical bars,
namely, specimens with longitudinal axis normal and parallel to the building direction, respectively. Table
summarizes the main tensile properties achieved, while Figure shows the recorded tensile curves.

The collected data clearly show that the best strength is achieved by optimally aging the cold platform as-built samples
(CP T5), thus preserving the ultrafine cellular structure, and inducing the expected precipitation of strengthening
phases. Despite its large aging potential, highlighted by the DSC analyses, the solution-treated samples (CP T6)
attained the lowest strength, but took benefit from a remarkable improvement in fracture elongation. Finally, the
performance of samples built on hot platform (HP AB) showed an intermediate condition in terms of strength and
ductility. It is suggested that, in this temper, the material could benefit from the fine cellular structure, but could not
fully exploit its strengthening potential, due to the lack of a tailored aging stage.

Finally, as far as the effect of specimen orientation is concerned, there is evidence from tensile data that CP TS5 and HP
AB samples tested in the horizontal direction always feature higher yield strength and fracture elongation, but lower
ultimate tensile strength. On the contrary, solution annealing and aging (CP T6) led to the best yield and
ultimate strength values in the horizontal samples, but comparable ductility for the two directions.

V. CONCLUSION
v" Summarizing the impact of build orientation on the tensile properties of LPBF-produced Al10SiMg alloy.
v Implications for optimizing part orientation in additive manufacturing processes to achieve desired mechanical
performance.
v' Suggestions for further research or process optimization based on the outcomes of the study.
v

This synopsis outlines the potential structure and focal points of a study investigating the influence of build
orientation on the tensile properties of Al110SiMg alloy processed via LPBF, providing insights that can aid in
optimizing additive manufacturing processes for improved mechanical performance of aluminium alloy
components.
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