Influence of additive manufacturing parameters
on the tensile performance of 3D printed parts
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Abstract

In this study, we Investigate the effect of additive manufacturing
parameters on Mechanical properties of 3D printed parts. The
results can be used to optimize the printing parameters with the aim
of increasing the performance and quality of the produced parts
and improving the Mechanical properties of the produced parts.
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Results and Discussion

All specimens demonstrate the expected behavior of PLA. Increasing
the extrusion temperature from 200°C to 215°C improves layer
bonding and ultimate tensile strength, showing that specimens S4 and
S5 outperform every specimen printed at 200°C. Specimen S7 printed
at 230°C reveals the highest ultimate tensile strength. Moderate
printing speeds (50-75 mm/s) demonstrate more stable stress-strain
curves, and higher printing speeds (100 mm/s) lead to superior stress-
strain curves only when the temperature is raised. Layer orientation
has considerable effects on mechanical properties: specimens printed
at 90° have higher aligned tensile strength, specimens at £45° present

balanced behavior, and specimens at 0° present lower tensile strength
unless compensated for by increased temperatures. Lowering the
layer height to 0.1 mm leads to increased mechanical properties due
to higher contact between layers. temperature and layer height are
associated as the leading parameters influencing tensile properties for
each of the tested specimens.

Introduction

In recent years, products with complex structures have become
Increasingly in demand, a challenge that has been largely addressed
by additive manufacturing methods (AM), especially 3D printing
[1, 2]. Among the various 3D printing methods, fused deposition

modeling (FDM) is one of the most commonly used methods. Also, Al PLA Samples (Individual Subplots)
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Materials and method . : | e o |
All parts were produced using the Bambulab X1Carbon device. ! - ) | '
The nozzle diameter of this device is 0.4 mm and is made of . o e e e e e e
hardened steel. The parts are in accordance with ASTM standards
and designed with CAD software. Next, with the X1Carbon 3D
printer interface software called Bambu Studio, various
manufacturing parameters were applied on parts for manufacturing.
According to Table I shown below, the experimental design of this
study was carried out using the Taguchi L9 method.

After manufacturing the parts according to the test design, tensile
tests were performed using a Santam STM-20 machine, and the
results were referred to the next stage for review and analysis.

Table 1 Samples
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Fig. 2 Tensile stress—strain curves for PLA samples (S1-S9)

Conclusions

Results reveal that Samples S7 and S4 had the highest strength values,
and it can be concluded that higher temperatures and lower layer height
values are very effective in improving the layer bonding strength and
mechanical properties. Even though printing speed and layer orientation
affect strength, their relative values are of less consequence in this case.

Set Temperature Speed Orientation  Layer Height Overall, higher temperatures and lower layer height values are very
=egle MHERE) - VL (Y M) . LSl effective in producing strong PLA prints at moderate printing speeds of
Sample 2 T1 (200 °C) V2 (75 mm/s) 90° 0.2 mm
] . 50-75 mm/s.
Sample 3 T1(200°C) V3 (100 mm/s) +45 0.3 mm
Sample 4 T2 (215 °C) V2 (75 mm/s) +45° 0.1 mm
Sample 5 T2 (215°C) V3 (100 mm/s) 0° 0.2 mm References
Sample 6 12(215°C) V1 (50 mmis) 0 0.3 mm [1] I. Gibson, D. W. Rosen, B. Stucker, Additive Manufacturing Technologies: 3D Printing, Rapid Prototyping, and Direct
o o . Gibson, D. W. Rosen, B. Stucker, itive Manufacturing Technologies: rinting, Rapid Prototyping, and Direc
Sample 7 T3 (230°C) V3 (100 mm/s) 90 0.1 mm Digital Manufacturing, Springer, 2010. doi:10.1007/978-1-4939-2113-3.
Sample 8 T3 (230°C) V1 (50 mm/s) +45° 0.2 mm [2] T. T. Wohlers, T. Campbell, Wohlers Report 2024: 3D Printing and Additive Manufacturing State of the Industry,
Sample 9 T3(230°C) V2 (75 mm/s) 0° 0.3 mm Wohlers Assoctates, 2024.

[3] M. Jamshidian, E. A. Tehrany, M. Imran, M. Jacquot, S. Desobry, Poly-lactic acid: Production, applications,
nanocomposites, and release studies, Comprehensive Reviews in Food Science and Food Safety 9 (5) (2010) 552 571.
doi:10.1111/5.1541-4337.2010.00126.x.

[4] E. Castro-Aguirre, F. lziguez-Franco, H. Samsudin, X. Fang, R. Auras, Poly(lactic acid) mass production, processing,

industrial  applications, and end of life, Advanced Drug Delivery Reviews 107 (2016) 333 366.
doi:10.1016/j.addr.2016.03.010.

Approval

Fig. 1 Layer Orientation in the slicer
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