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Characterization of fatigue properties of 3D printed polylactic acid
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ABSTRACT

The goal of this research is to determine how tiredness behavior may be measured (PLA). A To A variety of
technical data sets were S-N curves were chosen and statistically re-analyzed. as described in the following
section, to generate a negative reference value reverse slope also an improved tolerance limit of 106 2 failure
cycles. The average effect of stress on fatigue can be indicated via administering the highest level of stress
achievable during the cycle, according to experimental data examined after treatment. Furthermore
stress/strength study may be effectively performed until the printing orientation seems to possess minimal
influence on PLA's general tiredness behavior. carried out via taking the printing orientation into account. A
homogeneous, linearly elastic polymer is described. When acceptable experimental findings are not
available, the paper explains how to conduct a fatigue evaluation (with a survival probability better than
95%). The study demonstrates how to do so via utilizing standard fatigue curves with a negative-inverse
regression of 5.5 and a tolerance limit (2 106 cycles to failure) equivalent to 10% of the material's maximum
O¢.
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1. Introduction

3D printing is an example of additive manufacturing, which converts a digital design into a real thing. Lasers
are utilized to fuse materials such as liquid or powdered plastic, metal, or cement together in thin layers.
Industrial productivity has already been increased via the usage of 3D printing technology since its debut [1].
Whether this technology is effectively utilized in big manufacturing processes, it has the potential to disrupt
both industrial logistics and inventory management [2]. The present rates of 3D printing are insufficient for
large-scale production. However, using 3D printing technology, this process has sped up the fabrication of
prototype components and devices, as well as the tooling required to produce those parts. It is extremely
beneficial to small-scale companies since it decreases production costs while also reducing product time-to-
market [3]. The present rates of 3D printing are insufficient for large-scale production. However, using 3D
printing technology, this process has sped up the fabrication of prototype components and devices, as well as
the tooling required to produce those parts. It is extremely beneficial to small-scale companies since it decreases
production costs while also reducing product time-to-market [4]. Fundamental principles. A CAD application,
even a simple digital camera & photogrammetry software may be utilized to create 3D models. to create
prototypes for 3D printing [5]. The process of manually modeling geometric data of 3D computer graphics may
be compared to fine arts like sculpting in many ways [6] and [7]. When you scan an item, digital data about its
look and feel is captured, which may then be utilized to generate a reliable digital representation of the thing.
Following the modeling process, the CAD file must be converted to an STL file for use in 3D modeling and
printing software [8]. When printing a 3D model from an STL file, care must be taken to guarantee the model
is error-free [9, 10]. Itis required to verify a 3D model built from an STL file for errors prior to printing. Then
g code from the simulation software will got to printer as X, Y, Z points to printed in [11].
1. Rapid prototype
2. Layering steps on 3 axes
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Figure 1. Main process stages common to most RP systems
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1.1. 3D printing

Building a model using contemporary methodologies can take anything from a few hours to several
days, depending on the strategy utilized and the size and complexity of the models being built, among
other factors [12] and [13].

full three-dimensional printing

The approach is analogous to the process via which ink or toner is fused to paper in a printer.

At each point in the horizontal cross section where solid material is desired, a liquid or powder
solidifies or binds together.
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2.  Materials and methods

PLA is a biopolymer, which means it degrades spontaneously over time. PLA is manufactured using sustainable
energy sources such as sugar cane and maize starch. In addition to 3D printing, this material is frequently utilized
in canning, packaging, plastic cups, and plastic water bottles. Because it is made from plants, it is more
environmentally friendly than ABS [14, 15]. PLA has a higher surface hardness as well as brittleness. As a
result, it is more prone to breaking when twisted. Models made of this material can be cut, sanded, cooled,
painted, and joined together with adhesives; however, these models cannot be treated with acetone to increase
the smoothness of the final surfaces[16, 17]. Bubbles and spurs appear at the extrusion nozzle when PLA wires
are exposed to air for an extended length of time. This has the potential to clog the nozzle and reduce the surface
quality of the product. The item may also show signs of staining and discoloration. Although hot air may be
utilized to dry wet PLA wires, heating can alter the crystallization rate of the material as well as the thermal
properties of the wires, which can affect the printing temperature [18]. PLA has a tendency to jam (or clog) the
printer's nozzle because it is more viscous and swells more when melted. To avoid clogging the nozzle, we
recommend that you strictly adhere to the printer manufacturer's recommendations [19, 20]. Because
holographic layers frequently do not shrink when cooled, seam warping and breaking are not a worry, and the
holographic print may be removed from the print surface more simply than with ABS[21]. This material does
not require a heated surface (though employing it appropriately might increase the quality of the resultant shape),
nor does it require the printer to be enclosed (but, again, may give better results). We propose wrapping the print
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surface with masking tape to increase the degree of adherence (also known as paint tape). PLA is biodegradable
since it is made up of plant components. Because it takes heat to break down, it might be utilized in organic
fertilizers for cities but not in home garden fertilizers [22].

Table 1. conditions for PLA

Nozzle temp. 230-270C
Table Bed temp. 30-70 C, optimum 40 C
Printing isolated Glass and griding silicon

Strategies of Minnesota, USA, pioneered FDM. It's extruded from a small nozzle onto a platform, creating a
semi-liquid thread of material Via moving in an X-Y plane, this nozzle places a thin layer of filament on the
surface of the part. Each extruded layer adheres to the one before it, forming a solid structure. The platform is
then lowered in reference to the nozzle, and the subsequent slice of the component is deposited on top of the
prior slice.. [23] When the portion is finished, the support structures are separated from it, as seen in Figures
2 and 3. We utilize a WINBO 3D PRINTER with a single nozzle model WB.CL.V03 which shown in figure
4.

W, D, H: 120.0, 120 ¢, 30.0 mm.
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Figure 4. Schematic of fused deposition modelling

2.1. Fatigue strength

Static and fatigue mechanical properties of PLA are effect via the following factors: infill % also nozzle size as
well as the manufacturing orientation and filling pattern, feeding speed and manufacturing speed of the
extruders. Another important factor is the temperature at which the container is filled. AM polymer products'
mechanical behavior is greatly influenced via the thickness of the shell, which serves as a parametric retaining
wall. When a new layer is added to a 3D-printed object, the printer develops the shells as the first structural
components. As a general rule of thumb, the shell thickness should be multiplied via the best practice in AM
manufacturing PLA products. Static strength is also affected via the thickness of the layers. In general, PLA is
brittle, with ductility changing with printing speed. For design reasons, PLA may be treated as an isotropic,
homogeneous, linear-elastic material. It has been shown via extensive testing that factors like as infill density,
nozzle diameter, & printing speed all have a significant effect on total fatigue strength. A lack of time-
consuming and costly experimental procedures makes it difficult to discover and evaluate mutual connections
and effects. Via conducting a systematic experiment, it is possible to evaluate the influence of various
manufacturing parameters on the mechanical properties of PLA. Here, we're going to focus on fatigue in order
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to get some ideas for constructing PLA that can withstand cyclic stress. Reversed (i.e., R=minimum/maximum=-
1) axial force applied to PLA specimens manufactured via the commercial 3D printer WINBO 3D PRINTER
was studied. A flat construction plate with 100% infill was utilized to create the examples. Layer thickness was

0.4mm:; shell thickness was 0.8mm; and print speed was 40m/s for the bulk material of the specimens, as shown
in the figures below.

2.2. Model attempted
2.2.1. First attempt

Dimensions: X= 120 Millimeter, Y = 120 Millimeter, Z = 30 Millimeter. the characteristic of this sample
are with big scale directly, Low layers capacity, and Greater layer height. While the structure represented

that the Material distributes according to increase of fan speed, Medium Layers mesh and Big scale for
more efficiency to fatigue test as shown in figure 5.

Figure 2. Shape of Sample 1
2.2.2. Second attempt

Dimensions: X= 120 Millimeter, Y = 120 Millimeter, Z = 30 Millimeter. the characteristic of sample Modify
last attempt, Close fan, High feed speed, and Successful printing as shown in figure 6. While the structure is

Material distribute according to increase of fan speed, Medium Layers mesh, and big scale for more efficiency
to fatigue test.

Figure 3. Shape of Sample 2
3. Results and discussion

The tests' outcomes were assessed collectively via dividing the a,,,,, Via the curs of the material. There was a
99.9% chance of survival and a 1.0% chance for design considerations in the normalization technique shown in
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Figure 7. Figure 7 seems to support the assumption that PLA's total fatigue strength is nearly linked to its static
strength, with max appropriately representing the mean stress effects when normalizing the data.

Figure 7 shows the results of the tests, and the following is a references S-N curve for fatigue PLA design with
100% in fill:

o max=0.1-curs at No=2-10° cycles to failure for Ps>95%.........cccocvvvveuerererenennne. (2)
The test is simulated as the relationship between stress on the model and failure cycles, and based on previous
assessments, it is the correct test that could be made on. The findings are shown and analyzed as an S-N curve
to show tiredness across the run out via Zita of the working test [24].
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Figure 4. Design fatigue curves normalized (for an infill level equivalent to 100 percent)

To conclude the present analysis, a sequences of fatigue outcomes obtained exams traditional PLA are matched
to the information acquired tests PLA in Figure 8's S-N chart. This figure illustrates that common PLA has
somewhat higher fatigue strength than PLA, with experimenter outcomes from testing conventional PLA
remaining within the referenced scatters range, as shown in Figure 8. This illustrates that, when it comes to
PLA,, AM may produce components with fatigue performance comparable to that of older, well-established
methods [25].
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Figure 5. Fatigue strength of standard PLA vs. fatigue strength of AM PLA

4, Conclusion

As a consequence of using the aforementioned standards, the data in the graph below has been normalized. A
scatter band was developed with a survival probability (PS) ranging from 99% to 1% due to design constraints.
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Experimenting with a standardization method resulted in a lower figure for T. This lends credence to the
hypothesis that AM The fatigue life of PLA is determined via its static strength, with the mean stress effects
playing an important influence. PLA fatigue may be assessed via using the cycle's highest stress level to
accomplish a critical function. PLA components may be developed to survive fatigue utilizing references
designed curve with a negative reverse slope (k) of 5.5 & a fatigue limit (calculated in term of a,,,, &
extrapolated to 2.106 cycles to failure), (for PS95%). Using conventional and well-established production
methods, PLA maintains the same fatigue properties. It functions as an inherently notched material, reducing
the total fatigue strength of the material when it has less than 100% filling
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