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Abstract: Three-dimensional (3D) printing plays a vital role in the continual cycle time reduction of product development
through rapid prototyping. Nonconformities in the printing process could slow down this phases of product development. In
this research, quantitative and qualitative studies are carried out on prototypes that are 3D printed both with and without support
material on different parts of the design. Fused deposition modeling, or FDM, is the method of fabrication used in this study.
These prototypes are studied in a non-destructive manner. The qualitative investigation examined aesthetical issues on small
prototypes printed with and without support material. The quantitative study investigated the specimens’ bases to explore the
effect of the item’s design on the foundation pieces. The results show that, the smaller the pieces printed over the foundation,
the closer to target value the foundation measures. Elements of the 3D printed items, not directly connected to support material,
were not affected by using the support materials. Furthermore, for portions of the design with overhangs (parts that used
support), no evidence was found of a geometrical effect of using support. However, the visual appearance of the items was
affected. Aesthetical issues studied on the items were Sagging, Bulging, Z-Wobbling and Base Surface Imperfection. Results
showed that using support material did alleviate the Sagging defect. However, all the other defects were exacerbated with the
use of support material.
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1. Introduction
There are several current three-dimensional (3D) printing techniques, but fused deposition modeling (FDM) is the
most common. In this technique, the FDM printer heats then extrudes thermoplastic filaments though a nozzle into a base
commonly referred to as the bed. The printed items are built one layer at the time and layers are assembled over each other. In
the printed item, each layer corresponds to a horizontal slice. Figure 1 shows an illustration of an FDM printer’s parts.
Numerous materials are used in 3D printing that differ in strength, details, textures, possible thickness, price, and many other
factors. The final product, budget, and desired properties are some of the determining factors in choosing the appropriate
material for each project. Some of the most widely available materials are polymers which are obtainable in diverse types of
filaments. In this work, Polylactic Acid (PLA) is used since PLA can be obtained in many shades and styles which makes it
ideal for the prototyping industry, not to mention, due to its wide availability and low cost.
Destructive testing is mainly employed to investigate quality issues with 3D printed items (Periera et al., 2017).
Printing process settings and environment are typically studied to investigate each setting effect on the final item’s conformance
to design and fitness for use. Factors like tensile strength, printing flow speed, and product features, including shapes and edges,
were a focus of many studies in the additive manufacturing research area (see (Gordeev et al., 2018), (Periera et al., 2017) and
(Papon and Haque, 2018) for examples). However, prototyping using AM has not adequately been explored.
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