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ABSTRACT: Additive Manufacturing (AM), also known as 3D printing, is a technology where successive layers of 
material are deposited one on top of the other to form parts. AM has a high degree of design flexibility and allows the 
fabrication of highly customized parts in a short amount of time, making it ideal for industries such as aerospace. The 
mechanical properties of 3D printed materials, especially those produced via Fused Deposition Modelling (FDM), are 
dependent on many factors, making standardization difficult. Thus far, only a handful of standards have been created 
specifically for AM so most of the research still relies on previous standards. These old standards generally assume 
isotropic materials, which makes the results obtained through their use not entirely accurate since 3D printed materials 
usually have a high degree of anisotropy. This paper is dedicated to the study of the differences in the elastic moduli 
measured with two different types of coupons designed using ASTM standard D638. Comparison of the values measured 
for each type of sample shows that the sample geometry does not make a difference when testing 3D printed materials. 
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INTRODUCTION 

Additive Manufacturing (AM) is considered as one of the most promising manufacturing 
technologies in the areas of aerospace and defense (Moon et al., 2014). AM is the process of 
fabricating an object by joining materials layer upon layer, as opposed to subtractive 
manufacturing methodologies such as traditional machining (Frazier, 2014). Unlike traditional 
machining, AM offers numerous advantages including the capability of producing complex and 
customizable components, reduction in production time, and flexibility to be used for a variety of 
repairs and freeform fabrication (Yao et al., 2016, Ko et al., 2015). One of the most common and 
widely used polymer additive manufacturing process is Fused Deposition modelling (FDM). 
 
FDM is an AM process, shown in Figure 1, whereby plastic filament is fed into a heated nozzle 
and the melted plastic is deposited according to the part geometry. Once the first layer is 
deposited, either the nozzle or platform will move vertically in the z direction to begin the 
deposition of the next layer. This process continues until the CAD model is completed.  In the 
current context, some FDM machines possess two nozzles and they are used to extrude both the 
main material and material for supports. Due to the advances in AM technology and material 
research, support material can be soluble and easily removed with little post processing required.  
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Figure 1. Schematic of the FDM process 

 
However, due to the characteristics of the FDM process, it produces parts with unique properties. 
The process deposits the material in a directional manner which results in parts with anisotropic 
behavior. In the current context, there are no proper standards and certification processes created 
for AM parts and the old standards generally assume isotropic materials, which make the results 
not entirely accurate. Several previous studies utilized the American Society for Testing and 
Materials (ASTM) standard tensile test methods to determine the tensile properties as a function of 
the build and raster orientations (Ning et al., 2015, Rankouhi,et ak., 2016, Sheth et al., 2017, 
Cantrell et al., 2017). The aim of this paper is to study the differences in the elastic moduli 
(Young’s modulus, E) measured with two different types of tensile coupons made according to 
ASTM standard D638. Digital image correlation (DIC) was introduced as a method for measuring 
strain during the tensile test. 

EXPERIMENTAL SETUP 

The material tested in the study was polylactide (PLA), a thermoplastic material which is 
commonly used in most FDM printer. The samples were printed using a Cubicon 3DP - 110F 
printer, which is a desktop size FDM printer. The samples’ geometries followed the specifications 
of ASTM standard D638 types I and IV, shown in Figure 2 and Table 1. The slicing software used 
was Cubicreator3 and the print setting was high quality with the infill at 100%, more detailed 
process parameters are shown in Table 2. Five type I and five type IV coupons were printed 
together in the same orientation as shown in Figure 3. 
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Figure 2. Geometries of Type I and IV coupons from ASTM 638 

 
Table 1. Dimensions of coupons 

Dimensions (mm) Type I Type IV 
W-Width of narrow section 13 6 
L-Length of narrow section 57 33 

WO- Width overall, min 19 19 
LO-Length overall, min 165 115 

G-Gage Length 50 25 
D-Distance Between Grips 115 65 

R-Radius of Fillet 76 14 
RO-Outer Radius (Type IV)  25 

 
Table 2. FDM Process Parameter 

Parameters Value 
Layer Height (mm) 0.15 

Nozzle Temperature (ºC) 210 
Bed Temperature (ºC) 65 

Chamber Temperature (ºC) 35 
Infill (100%) 100 
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gives rupture within 0.5 to 5-min testing time”, the speed was increased to 1 mm/min for all other 
samples except IV-01, which was also tested at 0.5 mm/min for consistency. The resulting stress 
vs strain curves are shown in Figure 5. 
 

 

 
Figure 5. Stress vs strain curves for type I and IV samples (left). These were used to create the 

average curves (right). 
 
An average curve for type I and IV was calculated using the curves from all respective samples. 
The slopes of the linear regions of the average plots is the modulus of elasticity, shown in Table 3, 
with a 95% confidence. 

 
Table 3. Elastic moduli of samples 

 Type I Type IV 
Elastic modulus (MPa) 1928 ± 4 1910 ± 15 

 

CONCLUSION 

From the experimental results, the two types of samples give similar elastic moduli, confirming 
that either sample can be used to measure this mechanical property. This is an encouraging result 
because as previously mentioned AM, and FDM in particular, produces anisotropic materials. If 
the moduli had been different, there would have been need to investigate further to confirm which 

Proc. Of the 3rd Intl. Conf. on Progress in Additive Manufacturing

581



sample type gave the “true” E. But since this is not the case, both coupon types are valid for use. 
Further testing is needed to confirm if this result holds for other infills and mechanical properties 
such as Poisson’s ratio. 
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