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Abstract. The packing industry makes extensive use of terephthalate
polyesters because of their chemical durability and optical qualities.
Examples of these materials are polyethylene terephthalate (PET) and
glycol-modified PET (PETG). They also supply building materials, medical
technology, technical polymers, and the textile sector. PET is made of
terephthalic acid as well as ethylene glycol, whereas 30% of the diol moles
in PETG are replaced with CHDM during synthesis. Detailed structural
analyses of polyethylene terephthalate glycol-modified (PETG) are
presented in this study. In two directions, PETG square blocks were tested
with a load of 12,200 N to determine their durability and mechanical
response. This block experienced a total deformation of 0.2318 mm under
vertical loading, with the outer layer experiencing 33.93 MPa, and the
middle layer experiencing 23.148 MPa. According to its performance under
vertical stress, PETG had a maximum fatigue life of approximately 572,540
cycles and a minimal safety factor of 0.035116. A deformation of 0.23192
mm was recorded under horizontal loading. The bottom layer had a stress of
46.317 MPa and the top layer had a stress of 20.174 MPa, with a better
fatigue life of 616,880 cycles and a safety factor of 0.35979.
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The need for the materials utilized also grows as printing technology advances. At first, 3D
printing was intended to be limited to small-scale production and product prototype [1-4].
Modern industrial 3D printers are also being progressively integrated into manufacturing
facilities, along with improved materials for 3D printing [5-7]. Products made with a 3D
printer are manufactured using materials that can temporarily replace destroyed parts of the
equipment until the original accessories are received, in the event of a machine failure
throughout production. The method of reusing printed foils consisting of ethylene
terephthalate (PETG) [8], or glycol-modified polymer, after consumption. The foils are made
into regranulate PETG pellets and are composed of PETG and PS layers. With the addition
of new PETG, three different kinds of PETG/r PETG blends were created in [9],
demonstrating their homogeneity and raising the PETG degradation temperatures [10-12].
Comparative tensile strengths and a Young's modulus were shown through mechanical study.
T Chen examined the process of degradation of poly (ethylene glycol-co-1,4-
cyclohexanedimethanol terephthalate) (PETG) random copolymers with varying 1,4-
cyclohexanedimethanol (CHDM) concentration in [13] as well as the impact of copolymer
compositions on photo degradation behavior. With a rise in CHDM material, PETG
copolymers' photo oxidation rate rose along with the degree of crosslinking that was
achieved. The research presented in [14-17] details the creation of fluorescent poly (urea-
formaldehyde) microcapsules that are integrated into various polymers and contain
formulations of a solvatochromic cyanostilbene dye. The color of the fluorescence changes
when an item composed of these composites is destroyed because the dye solution is
liberated, diffuses into the matrix, and evaporates [18]. Using additive manufacturing
technologies, surfing as a competitive activity may be enhanced. Designing, prototyping, and
testing 3D printed surfboard fins with integrated sensors that connect with a configured
surfboard prototype was the goal of the study in [19]. The objective was to build six equipped
fins and 101 rectangular samples, modify a 3D printer to manufacture carbon fiber
composites [20-23], and create molds and instruments for data gathering and mechanical
analysis. Some of the following items have been produced: a touch probe, fin mould, mould
for rectangle-shaped samples, router templates, and a Shimadzu EZ-S mechanically based
analyzer adaptor [24-26]. The Shimadzu EZ-S during lockdowns demonstrated tenfold worse
accuracy in determining flexural modulus than did the epidemic tool [12]. The impact of
production factors on the mechanical characteristics of PETG components produced by the
Fusion Deposition Modelling (FDM) method was evaluated in a research published in [27-
30]. A 2”4 factorial design with established levels for each manufacturing industries variable
was used in the study in [31], and the ASTM D638-10 standard was followed in the modelling
and construction of the test specimens [32-334]. With the use of statistical software, the data
were statistically examined using Analysis of Variance (ANOVA) [335]. Composite
materials of conductive carbon nanotubes and poly (ethylene terephthalate glycol modified)
[17] (SWCNT/PETG) were created by sonication-assisted in situ polymerization [36]. The
thin films were characterized by dielectric spectroscopy and electron microscopy,
respectively, which showed well-dispersed nanotubes along with amorphous films with a
distinct insulator-to-conductor transition [37].

2 Methodology of 3d Printing Block Printing

Engineers may now more easily develop and produce prototypes and mock-ups more quickly
than ever before like 3D printing. Editing is simple and can be done fast, which is best of all.
It may be able to replace traditional manufacturing technologies with very accurate 3D
printing. In the present work square block of 25 mm x 25 mm x 25 mm has been used to
perform structural, fatigue and model analysis for different types of 3D printing materials
such as PEGT. Fig.1 outlines the workflow for finite element analysis (FEA), which begins
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with CAD Modeling the creation of a geometric model of an object. This model is then
assigned Material Properties describing its physical properties. Boundary load conditions are
used to simulate real-world capacities and constraints. In the Finite Element Analysis (FEA)
phase, these algorithms are used to partition the problem into manageable elements and to
calculate stresses, strains, and strains. Finally, the interpretation of the results examines these
results to assess the performance of the products under expected conditions. This process is
technically necessary to ensure that the designs are feasible and meet safety standards prior
to construction
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Fig. 1: Proposed methodology flow chart

In the present work finite element analysis have been conducted on Simple structure of square
block with dimensional parameter 25 mm x 25 mm x 25 mm, this FEM analysis includes
compression test using static structural analysis, fatigue analysis and model analysis. The
total deformation and equivalent stress layer wise have been found by compression test,
whereas the design life and safety factor of the material is determined by the fatigue analysis
and the natural frequency of the square block has been found in the modal analysis.

3 Result and Discussion

In the present work finite element analysis have been conducted on Simple structure of square
block with dimensional parameter 25 mm X 25 mm x 25 mm, this FEM analysis includes
compression test using static structural analysis, fatigue analysis and model analysis. The
total deformation and equivalent stress layer wise have been found by compression test,
whereas the design life and safety factor of the material is determined by the fatigue analysis
and the natural frequency of the square block has been found in the modal analysis. For the
compressive test perform structural analysis by keep lower side fixed and apply a
compressive load of 12200 N on top layer of the square block. Check fatigue life and safety
factor by using fatigue tool and for the natural frequencies need to perform model analysis
with six possible modes.
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3.1 Structure analysis of square block for PETG at 12200 N applied in vertical
direction

3.1.1 Total Deformation: -

After performing compression test structural analysis on square block for PETG at 12200 N
applied in vertical direction, the total deformation of 0.2318 mm has been observed as shown
in Table 1. After performing compression test structural analysis on square block for PETG
at 12200 N applied in vertical direction, the equivalent stress ranging from 33.93 Mpa at
outer layer to 23.148 Mpa of at middle layer of square block has been observed in Table 1.

3.1.2 Fatigue analysis: -

After performing fatigue analysis on square block for PETG at 12200 N applied in vertical
direction, the maximum fatigue life of 5.7254E+5 total number of cycles before fatigue
causes the component to fail at the corner of the square block has been observed as shown
in Table 1. After performing fatigue analysis on square block for PETG at 12200 N applied
in vertical direction, the minimum safety factor of 0.035116 regarding a fatigue breakdown
during a specific design life at the corner of the square block has been observed as shown in
Table 1. Values less than one that indicates failure prior to the end of the design life.

Table 1: Comparative analysis of square block for PETG at 12200 N applied in vertical direction

Parameter Description Minimum Maximum
Value Value

Total Deformation under vertical 0 mm 0.2318 mm

Deformation load (mm)

Fatigue Life Cycles until failure under 0.005724 5.7254E+5
vertical load cycles cycles

Safety Factor Factor of safety against 0.035116 0.24562
vertical fatigue failure

After performing fatigue analysis on square block for PETG at 12200 N applied in vertical
direction, the maximum available life of 4081.6 cycle on Log-Log scaling with respect to a
fatigue failure at a given design life has been observed.

3.2 Structure analysis of square block for PETG at 12200 N applied in
horizontal direction

3.2.1 Total Deformation

After performing compression test structural analysis on square block for PETG at 12200 N
applied in horizontal direction, the total deformation of 0.23192 mm has been observed as
shown in Table 2. After performing compression test structural analysis on square block for
PETG at 12200 N applied in horizontal direction, the equivalent stress ranging from 46.317
Mpa at bottom layer to 20.174 Mpa of at top layer of square block has been observed in
Table 2.
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3.2.2 Fatigue analysis

After performing fatigue analysis on square block for PETG at 12200 N applied in horizontal
direction, the maximum fatigue life of 6.1688E+5 numbers of cycles until the part will fail
due to fatigue at the corner of the square block has been observed as shown in Table 2.

Table 2: Comparative analysis of square block for PETG at 12200 N applied in horizontal direction

Parameter Description Minimum Maximum
Value Value
Total Deformation under horizontal 0 mm 0.23192 mm
Deformation load (mm)
Fatigue Life Cycles until failure under 0 cycles 6.1688E+5
horizontal load cycles
Safety Factor Factor of safety against 0.035979 0.25166
horizontal fatigue failure

The maximum fatigue life as inferred from the analysis was found to be approx. 6.1688E+5.
After performing fatigue analysis on square block for PETG at 12200 N applied in horizontal
direction, the minimum safety factor of 0.035979 regarding fatigue failure at a provided
design life at the corner of the square block has been observed as shown in Table 2 Values
less than one that indicates failure prior to the end of the design life. After performing fatigue
analysis on square block for PETG at 12200 N applied in horizontal direction, the minimum
available life of 3962 cycle on Log-Log scaling regarding to a fatigue breakdown at a given
design life has been observed.

4 Comparative Results

The mechanical performance of Polyethylene Terephthalate Glycol (PETG) below one of a
loading situations is detailed through a series of measurements and comparisons, illustrated
within the provided tables and figures. Table 3 gives the maximum equivalent stress results
for PETG, with the material experiencing 33.93 MPa beneath vertical loading and barely
higher pressure of 39.93 MPa below horizontal loading, as visually represented in Fig. 1.
This shows a notable resilience of PETG, with a better pressure tolerance in the horizontal

orientation.
Table 3: Comparative result of maximum equivalent stress for PETG
Materials PETG
Maximum equivalent stress at load on 33.93
vertical Layer [MPa] '
Maximum equivalent stress at load on 3993
horizontal Layer [MPa] ’
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PETG
Maximum equivalent stress at load on
horizontal Layer [MPa]

Maximum equivalent stress at load on vertical
Layer [MPa]

Maximum Equivalent Stress (MPa)

30 31 32 33 34 35 36 37 38 39 40 41
PETG Values

Fig. 1: Comparative result of maximum equivalent stress for PETG

Table 4 focuses on the fatigue existence of PETG, where it is proven to withstand 572,500
cycles underneath vertical load and 616,880 cycles whilst loaded horizontal. This indicates
that PETG can sustain great cyclic loading before failure, with a slightly higher performance

horizontally.
Table 4: Comparative result of Fatigue life for different materials
Materials PETG
Fatigue life at load on vertical Layer 5.725E+5
Fatigue life at load on horizontal Layer 6.1688E+5

The graph presented in Fig. 2 indicates the fatigue life of the material PETG, which is
Polyethylene Terephthalate Glycol, under two loading orientations: horizontal and vertical.
Fatigue life is the number of cycles a material can withstand under repeated stress until
failure. It may be noted that the fatigue life of PETG is much larger when the load is applied
in a horizontal layer than that in a vertical layer. This means that the PETG is far more
resilient and resistant to fatigue failures when exposed to stress in a horizontal orientation,
which is quite significant in the quest for applications in which cyclic loading is a factor.

Table 5 displays the safety factors for PETG, which are particularly low at 0.035116 for
vertical loads and 0.035979 for horizontal masses. These values imply a marginal protection
margin beneath the given loading situations, pointing to potential vulnerabilities in PETG's
use in packages where better safety factors are generally required. Together, those statistics
offer a comprehensive evaluate of PETG’s mechanical residences, critical for information its
applicability and barriers in diverse engineering contexts.
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Fatigue life for PETG

Fatigue life at load on horizontal Layer _

Fatigue life

Fatigue life at load on vertical Layer

5.50E+05 5.70E+05 5.90E+05 6.10E+05 6.30E+05
PETG Value

Fig. 2: Comparative result of Fatigue life for PETG

Table 5: Comparative result of safety factor for different materials

Materials PETG

Safety factor at load on vertical Layer 0.035116

Safety factor at load on horizontal Layer 0.035979

Safety factor of PETG

0.0362

0.036
0.0358
0.0356
0.0354
0.0352

0.035
0.0348
0.0346

PETG Values

Safety factor at load on vertical Layer ~ Safety factor at load on horizontal
Layer

Safety Factor

Fig. 3: Comparative result of safety factor for PETG

Fig. 3 shows the PETG Safety Factor in Vertical and Horizontal Layer Loading Orientations
The safety factor of PETG under two loading orientations-vertical and horizontal layer
loading-is shown in Fig. 12. Horizontally applied loads show a higher safety factor than
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vertically applied loads. The loading direction indicates that PETG is more effective under
horizontal loads, but the insight is still critical about designing and using PETG for
applications where direction of load is important in regards to performance.

5 Conclusion

In the present work finite element analysis have been conducted on Simple structure of square
block with dimensional parameter 25 mm x 25 mm x 25 mm, this FEM analysis includes
compression test using static structural analysis, fatigue analysis and model analysis.

e Testing a PETG square block vertically with 12,200 N resulted in a total deformation of
0.2318 mm. A similar load applied horizontally caused a slightly higher total
deformation at 0.23192 mm.

e The block was repeatedly loaded (cyclic load) to simulate real-world operating
conditions, where it was found to withstand a maximum of about 572,540 cycles before
failing due to fatigue at one corner. The horizontal loading showed a slightly higher
fatigue life, 616,880 before failure due to corner fatigue life.

e During the vertical compression test, the equivalent stress in the material varied between
layers, with a maximum stress of 33.93 MPa in the outer layer and decreased to 23.148
MPa in the middle layer. This gradient of stress distribution this helps to understand how
the material carries loads from the inside back to the end.

e  The minimum safety found was 0.035116 for fatigue failure, especially at corners during
the life of the system. This very low safety indicates a high risk of failure, whether design
the material will require reinforcement or reappraisal to increase its reliability under
anticipated load conditions.
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