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Results (cont.)

The purpose of this study was to determine whether parts produced 
through injection molding and additive manufacturing have different 
tensile strengths. In analyzing these results, it should be noted that 
orientation of layers in AM has a significant impact on tensile strength. 
Based on the data collected and the statistical tests performed, it was 
determined that only the polycarbonate sample had a statistically lower 
tensile strength than its injection molded counterpart. This stresses the 
need to continue pursuing development in additive manufacturing, as it 
is an effective method of manufacturing that is becoming more 
available to the common consumer. Combined with its high versatility 
and speed of producing a limited number of parts, these findings 
cement additive manufacturing as a cornerstone to future progress 
(Barbosa & Paganin, 2020) and show the need for future research.
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With recent leaps and bounds being taken in the field of rapid 
manufacturing and production, it is safe to say that we are amidst a 
modern Industrial Revolution. Well over a century ago, a breakthrough 
in plastics manufacturing was patented, called injection molding. This 
method allowed manufacturers to machine a mold that could be 
injected with material, creating an efficient way to produce a large 
quantity of identical parts. However, recent decades have seen a new 
production method come to fruition: additive manufacturing. Additive 
manufacturing—commonly referred to as 3D printing—involves the 
sintering, printing, and extrusion of material into versatile parts. With 
the rise in this new technology, a push for research comparing the two 
methods has started.

In July of 2020, research was done that supported the thesis that 
injection molded parts have a statistically higher yield point and 
fracture point than parts produced through fused deposition modeling, 
a form of additive manufacturing (Barbosa & Paganin, 2020). This can 
be explained by thermodynamic principles that determine how the 
cooling rate of a material affects its chemical cohesion. During 
injection molding, all material within the part is heated and cooled at a 
consistent pace, leading to uniform bonding and cohesion. However, 
fused deposition modeling compounds layers of material at different 
temperatures, which can weaken the structural integrity of the part 
(Geng et al., 2019).

The purpose of this project is to identify uncertainties regarding the 
physical properties of injection molding versus additive 
manufacturing, with a particular focus on ultimate tensile strength.
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Five one-sample t-tests (Table 1) were performed to compare the tensile 
strengths of the AM dog bones to the sourced values of the materials 
produced through injection molding. The null hypothesis for this experiment 
was there would not be a significant difference between the tensile strength 
values of additive manufacturing and injection molding.

The experimental values obtained for the additive manufacturing samples 
can be seen in Graph 1. 
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Graph 1: A box plot displaying the AM tensile strengths. Only the null hypothesis 
for Polycarbonate can be rejected (p < 0.001) indicating there is a significant 
difference between the tensile strengths of the injection molding and AM samples.

The Fusion 360 model of the tensile bar was exported to Autodesk
Meshmixer in preparation for printing and injection molding. Five samples 
of 20 bars each were produced through additive manufacturing, each sample 
composed of a different material. The five materials used to produce the 
samples were polycarbonate, nylon 12 (PA 12), glass-filled nylon (GF 
nylon), resin-based polymer, and acrylonitrile butadiene styrene (ABS). The 
samples were printed on the Stratasys Fortus 400MC.

Originally, it was expected that five samples of 20 bars for each of the 
materials would be injection molded to be tested against the additive 
manufacturing (AM) sets. However, issues during production arose, which 
led to the decision to source the injection molded tensile strengths of the 
relevant materials.

The five additive manufacturing samples were tested for ultimate tensile 
strength, or “pulling” strength, using the Instron 3345 testing machine. 

The data from the tensile strength tests for the five AM materials were 
compiled, and statistically tested against the known values of the sourced 
tensile strengths for the injection molded materials (Table 1). For each 
material, a one-sample t-test was performed to determine whether the tensile 
strengths of parts produced through additive manufacturing were statistically 
different from those produced through injection molding.

All testing procedures were carried out in strict accordance with the 
ASTM D638 standards for tension testing. The tensile bars were first 
designed and modeled using Autodesk Fusion 360, using the Type I 
specifications laid out by ASTM. Tensile bars (Figure 1) are 
specifically sized parts that are used for tension testing fracture.

Figure 1 (left): Examples 
of plastic tensile bars to 
the ASTM D638 Type I 
specs. The bars are 3 mm 
in thickness, 13 mm wide 
at the neck, and nearly 90 
mm long. The shape of 
the bars is commonly 
referred to as a “dog 
bone”.

Table 1 (above): The ultimate tensile strengths for the materials used in this study can be 
seen above. These values were sourced from the Routsis Injection Molding Reference 
Guide which is updated yearly (Routsis Training, 2021). Also shown are the results of the 
one-sample t-tests. 

Tensile strength (MPa) and one sample t-test results of 
of injection molded samples

Material Polycarbonate PA 12 GF Nylon Resin-based 
Polymer ABS

Tensile 
Strength (MPa) 62 81 158 77 41

t-test results t (20) = –11.8
p < 0.001

t (20) = 2.59
p = 0.063

t (20) = –1.2
p = 0.094

t (20) = –0.69
p = 0.055

t (20) = –1.42
p = 0.072


