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Introduction
In recent years, 3D-printing has bloomed as a 

new manufacturing process to become a 

commonly used rapid prototyping method, 

particularly with the use of polymer materials. In 

recent years, it has also started to be used 

beyond prototyping, to manufacture functional 

end-use parts, a segment which was previously 

reserved to traditional processes such as 

injection molding. However, a comprehensive 

understanding of the impacts of process 

variations and methods has not been developed 

making it difficult to accurately design and 

consistently produce parts.  Enhancing this 

understanding is a significant hurdle in the path 

for this technology to go from prototype-only to 

everyday use. 

Injection molding of thermoplastic polymers has 

been proven to have very good properties 

because the process itself leads to a homogenous 

anisotropic material [1]. The process of injection 

molding heats up the material and extrudes all of 

the material into a mold resulting in consistent 

long-chain molecular formation. On the other 

hand, 3D printing these polymers using fused 

deposition modeling (FDM) results in layers of 

extruded filament strands which do not create the 

same long-chain formation in all directions.

Intuitively, this results in lower mechanical 

properties due to the layer-by-layer process 

leaving gaps in the part and the thermal bonding 

being less effective. 

In addition to lower mechanical properties, FDM 

has lower reproducibility, or increased variation, 

due to the higher number of printing parameters 

involved in the process.  To reduce the cost to the 

user, personal grade printers lack an 

environmentally controlled chamber and 

generally have less accurate tool-path and control 

systems.  These factors have been shown to be 

the main parameters that affect the strength of 

FDM processing as they directly impact raster 

angle and the air gap between rasters [2].  

The differences between the injection molding 

and 3D printing processes of ABS plastic have 

been identified by performing tensile, flexural, 

and impact testing [3]. Overall, it was concluded 

that air gap and raster angle affect the mechanical 

properties significantly while bead width, model 

temperature, and color have minimal effect [4].  

Quantifying the mechanical properties of parts 

made with both personal and professional grade 

printers will allow for direct comparison making 

justification easier for the type of printer used for 

a specific application.

The two materials used in this study were Stratasys ABSi and Stratasys Nylon-12 due their common use and availability.  The ABSi is reported to have a tensile strength at yield 

of 37 MPa and an un-notched Izod impact strength of 191.1 J/m [5].  Several different values are reported for the Nylon-12 depending on print orientation where the XZ strength 

and impact strength are 32 MPa and 1656 J/m, while the ZX orientation is 28 MPa and 200 J/m, respectively [6]. 

For injection molding, a Medium Machinery injection molding machine was used. A Stratasys Fortus 400mc was utilized as the professional grade FDM printer, while a 

MakerGear M2 was used as a representative personal FDM grade printer [7-8].  The professional grade FDM 3D printer was defined as an expensive printer (>$10,000) that has 

a heated chamber, proprietary software with few degrees of freedom, and uses expensive, reliable, and precise components. On the other hand, the personal grade FDM 3D 

printer was defined as a low-cost printer ($500 - $5,000) that does not include a heated chamber and is made with fairly low-cost components. The table below shows the 

processing parameters for each process. 

Processing Parameters Coupon Dimensions

Results and Discussion
The results from the mechanical testing are shown below in the table below.  

Brand Product Printer Direction
Max stress 

[MPa]

Elongation 

at break

Young 

modulus 

[GPa]

Yield stress 

(0.2%sd)

Elongation 

at yield 

(0.2%sd)

Impact 

resistance 

[J/m²]

Stratasys ABSi Injection molding all 41 8.8% 2.0 30 1.7% 27,353

Stratasys ABSi Fortus 400mc XY 29 2.9% 1.8 22 1.4% 8,634

Stratasys ABSi Fortus 400mc Z 25 2.1% 1.6 20 1.5% 7,854

Stratasys ABSi Makergear M2 XY 30 4.1% 1.6 22 1.5% 10,322

Stratasys ABSi Makergear M2 Z 15 1.3% 1.4 15 1.2% 7,613

Stratasys Nylon 12 Fortus 400mc XY 38 13.8% 1.2 23 2.1% 100,709

Stratasys Nylon 12 Fortus 400mc Z 36 6.0% 1.2 24 2.3% 22,769

Stratasys Nylon 12 Makergear M2 XY 41 10.6% 1.2 25 2.4% 77,917

Stratasys Nylon 12 Makergear M2 Z 20 2.8% 1.1 16 1.8% 3,957

Summary of results from tensile and impact testing of ABSi and nylon

• Injection Molding data point is in the excellent area, while the 3D Printing data points are 

between the poor and good areas

• This means that injection molded parts are both stronger and tougher than 3D printed parts.

• There are a number of factors that explain a decrease in properties from injection molding to 

the 3D printing process: the presence of voids, poor adhesion between and within each layer, 

and the inaccuracy of the material deposition. 

Ashby diagram of maximum stress vs. Impact resistance(left) and of elongation at break vs. 

elongation at yield (right) for ABSi.  

• For maximum stress and yield stress. the differences are less than 5%, between the personal and professional printers 

• The differences are higher, between 15% and 30%, for elongation at break and impact resistance. 

• Also, for these two metrics, the values are higher for the personal printer in the case of ABSi, and lower in the case 

of Nylon 12. 

• These data suggest that there is limited difference between the personal and professional printers along the XY-axes, 

for both ABSi and Nylon 12.

 

Comparison of XY orientation test results of personal and professional 

grade printers for ABSi and nylon 

Print Orientation

Specimen failure for each process

This study resulted in four main findings: 3D 

printing of these polymers leads to lower 

mechanical performance than injection molding; 

performance decreases along the Z-axis for both 

personal and professional printing; performance 

along the XY-axes are very similar between the 

personal and the professional grade printers; and, 

performance along the Z-axis are significantly 

better on the professional printer than on the 

personal printer.  

Conclusions

Future Work
In order to take further steps forward, it is recommended 

that reliable performance data be determined surrounding 

the layer structure of 3D printed materials as they are 

crucial to the accurate engineering, simulation, and testing 

of end-use parts.  Specifically, this study demonstrated 

and quantified the gap between personal and professional 

printers. A follow-up study on the influence of key 

printing parameters that could explain this gap would be 

very valuable, such as measuring the influence of the 

heated chamber on layer adhesion and Z-axis 

performance. Further, this study also shows the gap 

between injection molding and 3D printing. Explaining 

this gap is a bigger challenge than explaining the gap 

between professional and personal printing, but it is key to 

improving the FDM technology. A first step would be 

studying the layer structure more in-depth, and in 

particular assessing the influence of parameters like 

printing speed and extrusion temperature, as well as 

modeling the thermal (cooling) process and the percentage 

of void.
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• Observed in all cases except for nylon’s yield stress

• More pronounced for the personal printer than it is for the professional printer, likely 

due to the heated chamber and higher accuracy of the professional printer.

• The decrease in performance along the Z-axis is due to the layering process: along 

the XY-axes, the stress is applied on fibers extruded in one continuous process, while 

along the Z-axis, the stress is applied on layers that have been extruded at different 

times. 

  

ABSi test results for XY and Z print orientations Nylon test results for XY and Z print orientations

Performance decreases along the Z-axis for both personal and professional printing.

• For ABSi, the difference ranges from a 3% increase in impact resistance to a 67% increase in maximum stress. 

• For Nylon 12, the difference ranges from a 54% increase in yield stress to a 475% increase in impact resistance.  

• The performance increase along the Z-axis is likely linked to an improvement in adhesion between layers.  

• It is most likely the heated chamber increased layer adhesion. 

• When compared to the lack of a heated chamber on a personal printer, the bond and part strength, yield point, 

elongation at break, and impact resistance all decrease 

• Given the smaller difference between the XY and Z printed parts, the parts printed on a professional printer are less 

anisotropic than those printed on a personal printer.  

Comparison of Z orientation test results of personal and 

professional grade printers for ABSi and nylon.

Performance along the Z-axis are significantly better on the professional printer than on the personal printer.

Performance along the XY-axes are similar between the personal and professional grade printers.

3D printing leads to lower mechanical performance than injection molding.
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