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Procedure

Discussion / Conclusions

• The processing parameters such as extrusion temperature and layer 

height need to be optimized between dimensional accuracy and 

mechanical properties.

• Infill patterns and percentage had little effect on the accuracy of the 

part, they can be selected to suit the loading.

• The building direction should be chosen to be parallel to the loading 

direction.

• The printing speed can be increased within the printers limits without 

sacrificing dimensional accuracy or mechanical properties.

• The FEA model is comparable to the experiment with 13% error and it 

explains breaking patterns of the specimens.

• This manuscript investigates the influence of processing parameters on 

the mechanical properties and dimensional accuracy of Fused 

Deposition Modeling (FDM) parts.

• 18 ASTM D683 type IV samples were printed using different processing 

parameters with PLA filament. Their dimensions were compared to the 

CAD model and their mechanical properties were evaluated using 

tensile testing.

• Results indicate that printing speed and infill patterns had no significant effect over 

dimensional accuracy or mechanical properties. Also, infill percentage has little 

effect on dimensional accuracy but is important for increasing the stiffness and 

strength of the part. In addition, guidelines to choosing the layer thickness, extrusion 

temperature and building direction are presented.

• Finally, a FEA model is proposed to simulate FDM parts by adding voids in the CAD 

model according to the density ratio of the part to the raw filament to reduce the 

experiments. 
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Results

• The processing parameters of 

FDM need to be optimized to 

improve the quality of the parts. 

Thus, a clear understanding of 

the effect of the processing 

parameters is needed.

• FDM is an Additive Manufacturing technology that fabricate parts 

layer by layer by heating a filament to a semi-liquid phase and 

extruding it through a small nozzle, that raster across the layers 

along computer controlled paths.  

Figure 5.  Influence of processing parameters on mechanical properties

Figure 6.  Influence of processing parameters on dimensional 

accuracy

• 6 processing parameters were investigated separately, which are building direction infill percent, 

printing speed, extrusion temperature, layer height and Infill patterns, at 3 levels giving a total 18 

samples. The samples were measured and compared to the CAD model and tensile tested for their 

mechanical properties according to ASTM D683 standards.

• A FEA model was created by adding voids in the shape of the infill patterns according to density ratio 

of the part to the filament 

Figure 2.  Measurements locations Figure 3. Tensile test Figure 4. FEA model

• An increase in dimensional error was noticed by increasing the extrusion temperature and the 

layer height.

• The accuracy of the part’s dimension depend on the printing direction.

Figure 8. FEW with voids

Figure 1. FDM Schematic


