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Abstract: The term “three-dimensional printing” refers to a variety of manufacturing processes used to create a variety of things.
Nine identically sized models were created utilising a low-cost 3D printer and polylactic acid (PLA) material using the design of
experiments approach (DOE). Infill %, Layer thickness, and Nozzle diameter were the three input parameters that were
examined, each of which had three levels. The ideal polylactic acid impact resistance (PLA). Through compressive testing, this
study’s goal is to comprehend mechanical characteristics, economic benefits, and environmental advantages. The study’s
findings will offer a thorough mechanical inventory for product design and production. This study also points to potential
improvements in infill pattern design for additive manufacturing.

Keyword: Additive manufacturing; FDM; Optimization; Infill percentage; Layer thickness; nozzle diameter; Compressive
strength; Toguchi approach.

L. INTRODUCTION
A. Brief Outline
A tangible object can be created using the 3D printing process by building it up from a computer model in multiple thin layers of a
material. “A process of combining materials to produce items using 3D model data, often layer by layer,” according to 3D printing.
It becomes more and more competitive with traditional (subtractive) production, which often involves the removal of material from
a larger block of material using a number of tools and equipment and generating waste. Unlike subtractive manufacturing, which
frequently cannot produce more complicated structures and shapes, additive manufacturing (AM) enables the production of bespoke
parts. Reduce the manufacturer’s time to create the object with minimal material waste.
In which layers of material are added to create three-dimensional (3D) items using computer-aided designs (CAD). When compared
to conventional manufacturing techniques, this technology has the advantage of producing complicated products with a shorter cycle
time and at a cheaper cost. The FDM process has several advantages, such as the freedom to design complicated shapes without the
need for moulds and the computer’s capacity to develop a product’s internal characteristics, which is not achievable with
conventional production methods. Small and large scale components can be produced with 3D printing, but there are several
challenges when trying to attain good object strength. Several techniques, including Full Factorial Design, have been used by
Design of Experiment (DoE) when applying optimization algorithms. Using the Taguchi technique ,this method has been used to
optimize process parameters with response dimension accuracy of PLA.
Additive manufacturing spans many objectives such as material strength of fabricated parts, dimensional accuracy and tolerance of
geometrical features, wear properties under tribological tests, etc. The work presented in Sood et al. (2012a) studied the effect of
five essential parameters on compressive strength of standard test specimens built through FDM. The study statistically examined
the complex dependency of compressive strength by the independent variable controlling the FDM process and proposed a reliable
regression equation to predict compressive strength.

B. Research Gap

1) The referred research papers made it possible to identify the TWO strongest printing designs. However, none was the best in a
comparable application.

2) A key component of 3D printing, according to study, is the infill pattern, which greatly affects how strong the final product is.

3) So we made the decision to demonstrate it through our initiative. So, the patterns that will be put to the test are Grid and Tri-
hexagon.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)

ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue X Oct 2022- Available at www.ijraset.com

C. Problem Statement

First Layer Adhesion Issue The condition when the first layer of the print does not adhere to the bed is Referred to as this issue. One
of the most frequent issues with 3D printing that Users run into is this one.

Outcome-

1)  Verify that the bed is level.

2) Verify the bed temperature.

3) Set the ideal printed speed.

4) Adjust the Fan speed.

D. Objectives

1) To identify Input and output 3d printing process parameter’s
2) To Optimize 3D Printing Process.

3) To Identify effective Input parameters for 3d printing.

4) To find out the build time.

5) To design of Experiment by toguchi method using L9 array.
6) To find out the maximum Compressive strength.

1. METHODOLOGY
A. Selection of Material
Polylactic acid was used as the printing medium for this experiment (PLA). PLA is a thermoplastic polyester material with
acceptable mechanical qualities and good processing performance. In comparison to ABS, a material that is frequently used for
printing with the FDM technique, it was discovered that PLA provided better dimensional accuracy. operating temperatures for this
material range from 190°C to 220°C.

B. Selection of Infill Pattern
1) Grid: A grid is something which is in a pattern of straight lines that cross over each other, forming squares.

Fig. No. 3.1.1 (A)

2) Tri-hexagon: The tri-hexagon infill pattern is a strong 2D pattern that is similar to the triangles pattern.

Fig. No. 3.1.1 (B)
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C. Selection of the Process Parameters

They used different printing parameters in their experimental work and manufactured comprehensive test samples made from PLA
material printed

with using different printing parameters including input parameters Infill percentage, Layer thickness, nozzle diameter and including
output parameters comprehensive strength, Printing time of the specimens.

Input Parameters 1st Value 2nd Value 3rd Value
Infill Percentage(%) 10 20 40

Layer Thickness(mm) 0.15 0.25 0.30
Nozzle Diameter (mm) 0.4 0.5 0.6

Table No.2.3 Input parameters

1. DESIGN OF EXPERIMENT
In order to determine which elements are more essential than others and how they affect the performance requirements, the
Taguchi's orthogonal array L9 (34) is utilized. In order to determine which elements are more essential than others and how they
affect the performance requirements, the Taguchi's orthogonal array L9 (34) is utilized.

Specimens No. Infill percentage | Layer Thickness | Nozzle Diameter
(%) (mm) (mm)
1 10 0.15 0.4
2 10 0.25 0.5
3 10 0.30 0.6
4 20 0.15 0.5
5 20 0.25 0.6
6 20 0.30 0.4
7 40 0.15 0.6
8 40 0.25 0.4
9 40 0.30 0.5

Table No0.3.1.3 Design of Experiment

A. Printing Parameters

CREO software was employed to create a 3D model. to employ a consistent testing strategy. Dremel DigiLab 3D Slicer and
Ultimaker Cura, two distinct pieces of software, were used to slice the 3D model. The printing settings that were employed to create
the test specimens are shown in Table No. 3.1.2. Polylactic Acid was the substance used for the printing of the specimens (PLA). the
two infill designs that were examined in this study. They are the most popular patterns on the slicer programmes Ultimaker Cura
and Dremel DigiLab 3D Slicer. The fact that Cura is free and open-source makes it among the most popular slicer programmes. The
standard test specimen for measuring strength is described as taking the shape of a right cylinder in "Standard Test Method for
Compressive Properties of Rigid Plastics.” The ideal size is 50 mm long and 30 mm wide.

Fig.3.2 Specimeh |
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B. 3D Printing Process

The process of building a three-dimensional object from a CAD model or digital 3D model is known as additive manufacturing, or
3D printing. It can be carried out via a variety of techniques in which material is brought together, often layer by layer, and then
deposition, joining, or solidification are controlled by computers. Rapid prototyping was a more accurate word for 3D printing at the
time because it was thought to be solely useful for producing functional or aesthetically pleasing prototypes.

3D Model creation

3D Printing STL file creation
Process

STL file transfer

Part building

Part removal

Fig.No.3.2(a)

1) Stepl 3D Model creation

Using computer-aided design (CAD) software or a 3D object scanner, the designer first generates a 3D model of the object that will
be printed. Since the part is a copy of the 3D model, every detail must be accurate and its external geometry must be properly
described. There are still restrictions and guidelines to follow while designing to get the best results, even though additive
manufacturing (AM) can print complicated parts and allows the product designer greater design flexibility than traditional
manufacturing procedures.

2) Step2 STL file creation

When the designer is satisfied with the design, the user changes the CAD file to standard tessellation language (STL), a file format
for AM that 3D Systems created in the late 1980s for use in its Stereolithography (SLA) machines. Here we may learn how to create
an STL file and utilise it for 3D Printing. Any model can be saved as an STL file in the majority of CAD programmes, including
SolidWorks, Inventor, and Catia. However, all printer producers offer software that can convert any CAD format into an STL file.

3) Step3 STL file transfer

Next, the STL file is sent to the printer, frequently with the help of specialised machine software, where the model will be adjusted
to align for printing. At this point, machine software may produce its file with additional data, such as the support structure and
temperature. The STL file's data is subsequently converted into G-code by machine software. G-code instructions give actuators,
such motors, instructions on where to go, how quickly to go there, and which direction to take.

4) Step4 Part building
The design is gradually constructed one layer at a time once the build has begun. This build procedure could take hours or even days
to finish depending on the build size, the printing machine, AM technology, material, and printing resolution.

5) Step5 Part removal

In some instances, the part or parts may need to cool off after being built before being removed from the machine. Again, depending
on the machine and technique, removal could range from wire degrading from the build plate in DMLS to simply peeling off the
build platform in the case of FDM.
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Fig.No.3.2( b)

Specimens No. | Infill Layer Nozzle Printing | Weight Pattern

percentage (%) | Thickness Diameter time (9)

(mm) (mm) (min)

1 10 0.15 0.4 75 10 Grid
2 10 0.25 0.5 44 11 Grid
3 10 0.30 0.6 39 13 Grid
4 20 0.15 0.5 77 14 Grid
5 20 0.25 0.6 48 16 Grid
6 20 0.30 0.4 45 14 Grid
7 40 0.15 0.6 81 19 Grid

40 0.25 0.4 62 18 Grid
9 40 0.30 0.5 46 19 Grid
10 10 0.15 0.4 74 10 Tri-hexagon
11 10 0.25 0.5 44 11 Tri-hexagon
12 10 0.30 0.6 36 12 Tri-hexagon
13 20 0.15 0.5 77 14 Tri-hexagon
14 20 0.25 0.6 48 16 Tri-hexagon
15 20 0.30 0.4 46 14 Tri-hexagon
16 40 0.15 0.6 80 19 Tri-hexagon
17 40 0.25 0.4 60 18 Tri-hexagon
18 40 0.30 0.5 45 19 Tri-hexagon

Table.No.3.2 Specimens Print
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V. EXPERIMENTAL SETUP
A. Experimental on UTM Comprehensive strength Test
To ascertain the impact of various FDM process parameters on the compressive strength of made components utilising acceptable
process parameter configurations, numerous research have been carried out. According to earlier research, layer thickness is the
most important factor affecting the compressive strength of FDM-printed objects.

Fig.No.4.1
B. Testing Compressive Strength (Load kN)

Sr. No. Sample ldentify Load (kN) Pattern

1 Specimen-01 5.7 Grid

2 Specimen-02 6.012 Grid

3 Specimen-03 8.184 Grid

4 Specimen-04 11.042 Grid

5 Specimen-05 12.564 Grid

6 Specimen-06 7.236 Grid

7 Specimen-07 18.1 Grid

8 Specimen-08 13.104 Grid

9 Specimen-09 14.84 Grid

10 Specimen-10 6.90 Tri-hexagon
11 Specimen-11 7.104 Tri-hexagon
12 Specimen-12 9.276 Tri-hexagon
13 Specimen-13 14.16 Tri-hexagon
14 Specimen-14 14.484 Tri-hexagon
15 Specimen-15 9.156 Tri-hexagon
16 Specimen-16 21.06 Tri-hexagon
17 Specimen-17 13.62 Tri-hexagon
18 Specimen-18 15.708 Tri-hexagon

Table No 4.2 Testing Compressive Strength (load kN)
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V. CONCLUSION

The DOE technique and taking into account the important input parameters (infill %, layer thickness, and nozzle diameter) for each
output parameter improved the FDM 3D printing technology used to create PLA samples (maximum comprehensive strength, build
time).
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