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Abstract

Over the past decade, 3D printing technology, particularly Fused Deposition Modeling
(FDM), has been widely adopted in distributed manufacturing environments, with a
notable increase in its application in cloud-based manufacturing systems. Given the
importance of service quality in such networks, it is essential to consider
simultaneously the mechanical and economic properties of printed parts. This study
investigates the effects of key process parameters, layer thickness, print speed, and
infill density, on Mode | fracture behavior in PLA parts fabricated via FDM. A full
factorial experimental design with 12 tests and three replications was conducted,
measuring fracture toughness (Kic), fracture energy (Gic), print time, and material
consumption. Statistical analysis revealed that layer thickness had the greatest effect on
fracture energy, while infill density most significantly influenced fracture toughness.
The novelty of this work lies in employing the TOPSIS multi-criteria decision-making
method to select the optimal parameter combination, considering both mechanical and
economic criteria, and comparing its outcomes with traditional statistical analysis.
According to the results, when mechanical performance is prioritized, the optimal
combination consists of a 3000 mm/min print speed, 70% infill density, and 0.3 mm
layer thickness. Finally, TOPSIS is proposed as a flexible and effective tool for
balancing conflicting objectives and is recommended for high-performance part
production in aerospace applications.
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