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Abstract: The aim of this research is to evaluate the performance of a Makerbot replicator 2x experimental 3D printer, 
making a dimensional and geometrical analysis of samples printed using fused deposit modeling technique (FDM) and 
polylactic acid (PLA) as the print material. Settings and parameters were adjusted according to Printer’s manufacturer for 
PLA material. A 3D digital model with basic geometric internal features was generated using computer aided design (CAD) 
software; this model was used to print physical samples in order to be analyzed. The samples were measured and compared 
against dimensional specifications on the drawing, all differences were documented. Automotive Industry Action Group’s 
measurement system analysis concepts are used as a new application of these tools in order to complete the study; it was 
found that most geometries and dimensions were below drawing specification, due to temperature changes on the PLA that 
tend to shrink during the cooling process until it reaches room temperature. This variation may be reduced using a correction 
factor in order to improve dimensional and geometric accuracy.  
 
Keywords: 3D Printer, Dimensional Analysis, Geometric Analysis, Additive Manufacture 
 
 

1. Introduction 
 
3D printing also known as additive manufacturing (AM) is a process to make three-dimensional objects of almost 

any shape from a digital model through an additive process in which successive layer of material are laid down under the 
computer control (Satyyanarayana & Jaya, 2015) rather than subtracting material from a larger piece of material. Digital 
model is almost always created using computer aided design (CAD) software, 3D scanners can also be used to automatically 
generate a digital model from a physical object, {just like 2D scanners are used to digitize photos, drawings or documents} 
(Rayna & Striukova, 2016). AM technologies use different techniques for creating each layer, from jetting a binder into a 
polymeric powder (3D Printing), using an ultraviolet laser to harden a photosensitive polymer (stereolithographic), to using a 
laser to selectively melt metal or polymeric powder (laser sintering) (Campbell et al., 2011). 

A widely used 3D printing technique is called fused deposition modeling (FDM), in this process a filament of 
material is melted in a heated nozzle and deposited on a platform, once the layer is complete, the platform is lowered one-
layer thickness by the z-axis and deposition of the next layer begins. A secondary sacrificial material may also be deposited 
(and later removed) in order to support the construction of overhanging geometries. The choice of printing material depends 
on the type of application and desired properties. Figure 1 shows generalized AM process. Commonly applied materials 
include polylactic acid (PLA) as a stiff and environmentally friendly material, nylon, for soft applications, high density 
polyethylene (HDPE) for the production of food compatible parts and acrylonitrile butadiene styrene (ABS) as a solution for 
tough parts with acceptable strength (Dawoud et al., 2016).  

The accessibility of 3D printers for industrial and general public use has grown dramatically in the past decade 
(Stanbury J, 2016), due mainly to the price drop and to the vast quantity of applications found on the 3D printers, currently, 
this technology has a major impact on objects that could cost up to $30000 dollars. in the industry now can be printed with 
almost the same quality for less than $2000 (Evans, 2012)  but, the results provided do not allow their use in finished 
products, leaving their use mainly relegated to prototypes and pre-series (Cajal et al., 2013). With the increase in the number 
of low-cost 3D printers on the market and a wide range of manufacturers, evaluation of the capabilities of the different 3D 
systems is paramount to the proliferation of low-cost additive manufacturing in terms of consumer confidence in this 
technology. The growing rate at which home user grade 3D printer, creates a need for a tangible metric to be established by 
which to evaluate the units in a comparative manner, however, at this moment we have been unable to identify a tool by 
which to evaluate the consumer worthiness of an additive manufacturing unit (Roberson et al., 2013). 
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