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Abstract - This dissertation aims to investigate and compare
the mechanical properties of 3D printed Acrylonitrile
Butadiene Styrene (ABS) and Polyethylene Terephthalate
Glycol (PETG) specimens widely used in medical, automotive
and consumer industries. The study explores the fundamental
principles of FDM technique of 3D Printing, its process
parameters, and their impact on the mechanical
characteristics of ABS and PETg materials. The research
investigates the effects of key 3D Printing parameters such as
layer thickness, infill density and print speed on tensile and
flexural strength. Additionally, the dissertation evaluates the
optimization techniques employed to enhance the 3D printing
process for both ABS and PETG and compares the mechanical
properties of both the materials.

1.INTRODUCTION

The process of 3-D printing entails producing tangible items
from a geometric representation, layer-by-layer addition of
material.
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Figure 1.11llustration of 3D Printing Process

Originally developed for rapid prototyping, additive
manufacturing has evolved into a robust manufacturing
solution for usable parts in aerospace, automobile, medical,
consumer products, and architecture industries. It has ability
of creating difficult geometries with minimal waste coupled
with customization which makes it a vital tool for modern
engineering and design.
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Figure 1.2: Steps involved in 3D Printing

3D printing emerged in the late 20th century as a
revolutionary shift in the field of manufacturing and
prototyping. Its origin is tacked to early 1980s, when
advancements in Computer Aided Design and laser
technologies enabled the development of the first layer-by-
layer fabrication techniques.

The first patent for a 3D printing process was filed by Dr.
Hideo Kodama in 1981, who described a method for
producing 3D plastic models using a photosensitive resin.
However, it was Charles Hull, co-founder of 3D Systems, who
in 1986 patented Stereolithography (SLA)—the first widely
recognized and commerecially viable 3D printing technology.
Hull's invention developed the base for modern additive
manufacturing.

APPLICATIONS OF 3D PRINTING

a. Prototyping and Product Development

b. Rapid prototyping is the most common use.

c. Lightweight, strong components for aircraft and
spacecraft (e.g., brackets, ducts).

d. Customized drone parts and complex geometries not

possible with traditional machining.
2. Literature Review

Khabia and Jain [1] compared the characteristics of
parts printed through ABS filament. They carefully modified
the process parameters and the highest tensile strength of
35.7 MPa was achieved at lower level of machine variables.

Durgashyam et al [2] performed investigation on
mechanical characteristics of PETg. They perceived the
influence of machine variables on flexural and tensile
strength printed by FDM technique. The result depicts that
for achieving better tensile strength, thickness of layer and
feed should be lowered along with higher level of infill
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density. Furthermore, better flexural properties are
experienced with low thickness of layer, medum feed and
low density of infill.

Durgashyam et al. [3] investigated PETg using Taguchi
approach for analyzing the outcome. The results elucidated
that layer height influences the tensile and flexural
characteristics of PETg. Furthermore, Vishwas and Basavaraj
[5] in their study used 3D printed ABS material for analyzing
mechanical strength. They concluded that optimal level of 3D
printing parameters will enhance the bonding strength and
tensile strength

Jha and Narasimhulu [4] in their study investigated the creep
and vibration of 3D printed specimens.

Vishwas et al. [5] conducted a comparison of ABS and Nylon
3D printed samples based on Taguchi Approach. The result

showed that a lower level of thickness of layer yield Fig3.2 Flexural Test Specimens of PETg material based on
significant impact on tensile strength. ASTMD790 on UTM
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Fig3.1Level of 3D Printing parameters Main Effects Plot (data means) for Means
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Fig3.4 Main effect plot for Tensile Strength of ABS
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Layer Thickness

Print Speed

34

324

Table 3.5 Confirmation of expected and actual values of
Flexural Strength of PETg

AN -

30

28+

=

T
0.1

T T
0.2 0.3

T
40

Infill Density

34 1

Mean of Means

32

30

28 4

T T
50 60

Fig3.5 Main effect plot for Tensile Strength of PETg

Experiment | Optimum Machining | Flexural
No. Parameters Strength (MPa)
Layer Print Infill Actual [Expected
Thickness |Speed |Density
(mm) (mm/s) |(%)
1 0.3 60 80 334 | 34.1
Error | 2.09%
(%)

4., Conclusion

Table 3.2 Confirmation of expected and actual values of

Tensile Strength of ABS
Experiment | Optimum Machining | Tensile Strength
No. Parameters (MPa)
Layer Print Infill Actual | Expected
Thickness |Speed |Density
(mm) (mm/s) |(%)
1 0.1 50 80 38.7 38.3
Error | 1.03%
(%)

For both ABS and PETg, Infill density is the crucial
variable for flexural property followed by thickness of
layer. The impact of print speed was least among the
selected parameters.

e The contribution of Infill density is highest for both ABS
(76.63%) and PETg (second highest for PETg (41.09%).
Furthermore, Infill density is the major dominating
factor (68.26%). Similarly, layer thickness was revealed
as second most influential variable for flexural strength
of ABS and PETg.

e The flexural property increases with increase in 3D
Printing parameters for both the materials. Strength is
imparted in the sample having extra amount of
material. With high layer thickness (0.2 to 0.3 mm), the
intra-layer adhesion is more in the present case and

Table 3.3 Confirmation of expected and actual values of
Tensile Strength of PETg

hence the flexural strength of the material is more.
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