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ABSTRACT

With Additive Manufacturing (AM) technology such as Fused Deposition Modeling
(FDM) technique being used to produce functional components, it is necessary to understand
the combined effect of significant printing process parameters over the mechanical properties
of printed parts. The present work employed the full factorial technique to investigate the effect
of printing process parameters such as infill density, infill pattern, layer height, and nozzle size
over the tensile strength of the printed parts. Analysis of Variance (ANOVA) was conducted
and it identified the nozzle size as the most significant factor influencing tensile strength,
followed by infill density. Layer height and infill shape had a smaller individual impact on
tensile strength. However, with specific combinations of nozzle size and infill densities,
noticeable variations in tensile strength were observed. Increasing the infill density enhances
tensile strength proportional to the rise in mass due to the additional material. Although infill
patterns had minimal effect on tensile strength, the specific strength varied, with the triangle
pattern showing the highest specific strength of 7.11 MPa/g, which is 5.20% and 21.65% higher
than the rectilinear and wiggle patterns. The highest tensile strength of 43.63 MPa was achieved
using the wiggle pattern at 80% infill which is due to print orientation of wiggle pattern with
the tensile load. Further, increasing the layer height and nozzle size significantly improved
specific strength because of higher print quality and reduced defects. The experimental
investigation proved the optimal nozzle to layer height ratio (N/L) for to achieve greater
strength is 1.66. With the extensive datasets obtained using experimental investigation, a
machine learning model was trained for predicting the tensile strength for the given printing
process parameters. Due to its adaptability, efficiency and robustness, the Gaussian Process

Regression was proved to estimate the tensile strength of the Polylactic Acid (PLA) material



4. CONCLUSION

The tensile strength of 3D printed PLA was experimented with various printing process

parameters such as infill density, infill pattern, layer height, and nozzle size. The ML based

GPRM was developed to predict the tensile strength. The following are the significant findings

of the present work.

The effect of printing process parameters over the resulted tensile strength was analyzed
using ANOVA and its individual influence is in the order as follows: Nozzle size (38.7%)
> Infill density (27.7%) > Layer height (6.1%) > Infill pattern (5.2%).

The tensile strength is most significantly impacted by the choice of nozzle size. The
strength increases in direct proportion to the size of the nozzle since larger filaments
result in fewer printing flaws. Inter-layer gaps and irregular filament extrusions were seen
across the 0.3 mm nozzle prints.

As the ratio of N/L is so vital in defining the strength outcome, layer height selection
affects the tensile strength. The N/L ratio of 1.66 offers highest tensile strength. As the
N/L ratio increases, the radical shift becomes less noticeable.

When the infill density rises, more material becomes available for preventing failure. The
specific strength virtually stays constant across all infill densities. It means that at the
micro level, there aren't any substantial influences made by the change in densities.

The specimens printed with triangle infills held up better than those with rectilinear and
wiggle patterns in terms of mean strength and specific strength. However, the
performance of the wiggle patterns was superior with higher infill densities (80%) since
wiggle angle orient towards the direction of applied load.

The tensile strength of a PLA material was estimated in this study using the ML model
GPRM. Over the training and testing datasets, the GPRM's predictive performance and
matching residuals produced an accuracy of 88.34%, MAE of 3.17, and MAPE of 11.66.
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