International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 135,2025
https://theaspd.com/index.php

Investigating Novel Parameters for Enhanced Environmental
Sustainability in 3D Printing

Mr. Ritesh Banpurkar', Dr.Pratik Ghutke?, Mr. Ravindra Shende’, Mr. Piyush A. Landge*
'Assistant Professor, Department of Mechanical Engineering, Tulsiramji Gaikwad-Patil College of
Engineering and Technology, Nagpur, India, iqac@tgpcet.com

*Associate Professor, Department of Electrical Engineering, Tulsiramji Gaikwad-Patil College of
Engineering and Technology, Nagpur, India, pratik.electrical@tgpcet.com

*Assistant Professor, Department of Mechanical Engineering, Tulsiramji Gaikwad-Patil College of
Engineering and Technology, Nagpur, India, hod.mechanical@tgpcet.com

*Research Scholar, Mechanical Engineering Design, Tulsiramji Gaikwad-Patil College of Engineering
and Technology, Nagpur, India, architlandge@gmail.com

Abstract:

Additive Manufacturing (AM) widely known as 3D printing has revolutionized how we design and produce
components, especially those with complex geometries and tailored properties. While standard process settings like
layer thickness, infill density, and print speed are well established, today's growing demand for high-performance,
multimaterial parts with integrated functions is pushing the boundaries of what's possible. This paper delves into
lesser-explored and emerging parameters that significantly influence the mechanical, thermal, electrical, and aesthetic
qualities of 3D-printed parts. We examine how next-generation control algorithms, materialspecific variables, and
the integration of artificial intelligence (Al) and machine learning (ML) are shaping the future of parameter
optimization in AM. The goal is to provide a comprehensive understanding of how these nowel factors interact and
how they can unlock new capabilities and applications in 3D printing for smarter, stronger, and more functional
products.
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INTRODUCTION :

Recent advances in 3D printing technologies in the last few years have modified the state of
manufacturing, moving from rapid prototyping, to direct digital manufacturing, to a full design
autonomy making possibilities before considered impossible. The key components of traditional 3D
printing, is simple design parameters for layer thickness, print speed, nozzle temperature, and infill
percentage meaning that the full part can be characterized using only these basic parameters (and their
associated design parameters). Experimental and numerical models provide the basis not just on these
parameters but the optimization process needed for a range of materials and applications. But as
complexity and performance parameters of 3D printed components grows, we need to deepen the
understanding and control of an even wider range of parameters. This paper proposes that the additive
manufacturing community starts paying attention to both new parameters, but also new associations
among parameters that are now possible through advancements in sensors, control systems, and

computational intelligence.

Figu'r; il: 3D Printing Machine
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LITERATURE :

1) G Cwikla [1],C Grabowik [2], K Kalinowski[3], [ Paprocka[4] and P Ociepka[5] said that These
paper is conclude that the potential of FDM technology for specific applications while also
acknowledging its limitations and the importance of careful parameter selection in the printing process.
2) Logesh Kothandaraman[1] and Navin Kumar Balasubramanian [2] These conclusions explained
that the potential of FDM technology for specific applications while also acknowledging its limitations
and the importance of careful parameter selection in the printing process.

3) GeGao[1], FanXu[2], Jiangmin Xu[3], Guanghai Tang [4] and Zhenyu Liu[5] explain that The
study emphasizes that understanding and optimizing FDM process parameters is crucial for enhancing
the mechanical properties and overall quality of printed parts. Different parameters can have varying
effects on the mechanical behavior of components, which are also influenced by factors such as materials
and printing conditions.

4) Logesh Kothandaraman[1], and Navin Kumar Balasubramanian[2] The paper highlights the
critical role of process parameters in 3D printing, the success of iterative production methods, and the
need for a structured approach to optimize manufacturing processes for better efficiency and quality.

5) Dwi Prayoga[l], Abdi Satryo Mukti[2], Rolland Darin Khalifah[3], Mahameru Willdan
Rosyadi[4], and Wahyu Dwi Lestari[5]. These conclusions emphasize the potential of FDM technology
for specific applications while also acknowledging its limitations and the importance of careful parameter
selection in the printing process.

6) Ouri Bouzaglou[1], Ofek Golan[2] and Noa Lachman[3] These conclusions underscore the
intricate nature of FFF 3D printing and the necessity for ongoing research to optimize the process and
improve the quality of printed parts.These conclusions underscore the intricate nature of FFF 3D
printing and the necessity for ongoing research to optimize the process and improve the quality of
printed parts

Objectives :

1) This examination are concluded that the Air Gap, Temperature of Extrusion, Raster
Orientation (Angle), Layer Thickness, and Infill Density, on the quality of PLA parts produced using an
FDM printer.

2) There quality improve that mechanical strength of elements.

3) Each parameter elucidate the impact of on the mechanical properties of the components, which
include their tensile, bending, and impact strengths.

4) the impact of FDM process parameters improve on the quality of PLA parts.

5) Statistical analysis of experimentally produced results

6) The relation between mechanical properties and the FDM process parameters.

7) Identify the most effective combination of process parameters to produce products with

enhanced part quality.

METHODOLOGY:

To explore new ways to improve 3D printing performance, we took a structured and hands-on approach
focused on boosting print quality, strength, and efficiency. We used a popular desktop FDM 3D printer
the Creality Ender-3 V2 working with two common filaments, PLA and PETG, chosen because they
have different mechanical and thermal properties.Along with the usual settings like print speed, nozzle
temperature, and layer height, we experimented with some fresh ideas. These included dynamically
adjusting the print speed (changing speeds between the outer walls and the infill), varying the infill
density within a single print (gradient infill), controlling the temperature inside the printer enclosure,
and tweaking the extruder’s path by modifying the G-code for better precision.To keep things organized
and efficient, we used a Taguchi L9 orthogonal array a smart experimental design method that lets us
test different combinations of these parameters without needing to run too many prints. We then
measured how each setup performed by looking at tensile strength, how accurate the dimensions were,
the quality of the surface finish, and how efficiently the print was done, using standardized tests.After
gathering the data, we analyzed it with statistical tools like ANOVA and regression models to figure out
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which factors had the biggest impact and to find the best combination of settings. To make sure our
findings were solid, we repeated key tests and confirmed the results were consistent and reliable.
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Figure 2: Methodology Process

Block diagram and Explanation :
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Figure 3 : Block diagram of 3d printing
This diagram gives a simple look at how an FDM 3D printer works behind the scenes:

1) It all starts with the computer, which sends the printing instructions (called G-code) to the
printer.
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2) Those instructions go to the controller, which acts like the printer’s brain figuring out what
needs to happen and when.

3) The controller then tells the stepper motors what to do. These motors move the printer’s parts
around and push the filament (the plastic material) into the system.

4) The print head heats up the filament and melts it just enough to precisely lay it down layer by
layer.

5) Finally, everything gets built up on the build platform, where the 3D object slowly takes shape.

Problem Identification and solution :

Problem Identification:

Even though FDM 3D printing is affordable and easy to use, it still has its share of challenges. Prints
don’t always come out looking great, they can be weaker than expected, and the whole process isn’t
always efficient. Most people stick to basic settings like print speed, temperature, support system and
layer height but those one-sizeAfits-all options don’t always work well for every material or design. And
trying to fine-tune everything manually can take a lot of time and still miss better ways to get the best
results.

Proposed Solution

To solve these common 3D printing issues, we went beyond the usual settings and tried out some fresh,
smarter techniques. Instead of sticking to just the basics, we explored new parameters that could make
a real difference in how prints turn out. Here’s what we did:

. Dynamic Print Speed: Rather than using one speed for the entire print, we slowed things down
for the outer walls (to get a cleaner finish) and sped up the infill (to save time).
o Gradient Infill: We varied the infill density in different parts of a single print adding more

material where strength was needed and less where it wasn’t to use filament more efficiently without
sacrificing durability.

o Enclosure Temperature Control: By managing the heat inside the printer’s enclosure, we kept
conditions stable, which helped improve layer bonding and reduced problems like warping, especially
when working with trickier materials like PETG.

. G-code Optimization: We tweaked the printer’s movement paths directly in the G-code, fine-
tuning how the extruder moved to boost both accuracy and speed.

Design and Fabrication

To explore how new printing settings impact 3D print performance, we set up a hands-on experiment
using the Creality Ender-3 V2 a dependable and popular FDM 3D printer. We chose two different
filament types, PLA and PETG, because they have very different thermal and mechanical qualities. This
let us see how each material reacts to the same printing conditions.

We created standard test models to check several key aspects:

. Tensile strength

. Dimensional accuracy

o Surface finish

. Print efficiency, including time and material use

Our test models included tensile bars following ASTM D638 standards, calibration cubes, and specific
shapes designed to evaluate surface quality. To efficiently test multiple print settings without excessive
printing, we used a Taguchi L9 orthogonal array basically a smart way to try different combinations with
fewer prints. We varied the prints by adjusting:

. Print speed (with dynamic changes)

. Infill density (using a gradient)

. Enclosure temperature (manually controlled)

. G-code path (customized for smoother movements)
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After printing, we tested each piece using tensile testers, measured dimensions with calipers, inspected
surface quality by eye and touch, and tracked print time and material usage.

This careful and hands-on approach gave us solid insights into how each new setting affected the overall
print quality and performance.
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Figure 4: Design analysis of new parameters

Process Parameters

1) Air Gap: This is the space between two adjacent lines (or “rasters”) of material in a single printed
layer. If these lines actually overlap, the air gap is considered negative.

2) Build Orientation: This refers to how the part is positioned on the printer’s build platform—
whether it’s aligned along the X, Y, or Z axis.

3) Infill Pattern: These are different internal patterns used inside a print to create a strong and
solid structure without using too much material.

4) Temperature of Extrusion: This is the temperature at which the filament is heated and melted
during printing. It can vary depending on factors like print speed and the type of material being used.
5) Raster Width: This is the width of each line of extruded material. It usually depends on the size
of the printer’s nozzle.

6) Raster Orientation (Angle): This is the angle at which the raster lines are laid down on a layer,
measured relative to the X-axis. Usually, raster angles can range anywhere from 0° to 90°.

7) Layer Thickness: This refers to the height of each printed layer along the vertical (Z) axis. It
basically determines how thick each layer of material is.

8) Infill Density: This is the percentage of the inside volume of a print that’s filled with material.
Higher infill density means a stronger and heavier part.

9) Print Speed: This is how fast the printer’s nozzle moves while extruding material, measured in

millimeters per second. Print speed directly affects how long a print will take.

10) Shells/Perimeters(WallThickness):

These are the outer vertical layers that make up the walls of a print. Having more shells means thicker
walls, which usually makes the part stronger and gives a smoother surface by hiding the internal infill
pattern. Using fewer shells can save time and material but can make the print weaker and more fragile.
Typically, 2 to 3 shells strike a good balance. For parts that need extra strength, adding more shells is
often more effective than just increasing the infill.

11) SupportStructures:
These are temporary scaffolds printed to hold up parts of a model that stick out or span gaps like
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overhangs or bridges that would otherwise print in mid-air. After printing, these supports are removed.
They're essential for making complex shapes with parts that extend sideways without anything
underneath. If support settings aren’t right, prints can fail, supports can be hard to remove, or the surface
finish can get damaged. Key settings include the type of support (like tree or normal), how dense the
support is, the support angle (usually supports kick in when overhangs go beyond 45-60 degrees), and
the gap between the support and the print (called Z-distance or interface layers) which helps make
supports easier to remove.
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Figure 5

NEED FOR THE RESEARCH

° Fused Deposition Modeling (FDM) is a widely used 3D printing technology across many
industries like medical, aerospace, automotive, construction, and tooling. It’s especially valued for
quickly creating complex prototypes and parts.

. However, the quality and performance of FDM prints depend on many different factors—things
like air gap, build orientation, infill pattern, extrusion temperature, raster width and angle, layer
thickness, infill density, print speed, and the material itself.

° To get the best results from FDM printing, it’s important to understand how each of these
parameters affects the strength, accuracy, and overall quality of the finished parts. This knowledge helps
optimize the process, making prints more reliable and high-quality.

. Research into the factors that influence FDM printing performance is key to finding the best
process settings for different uses. By studying how various parameters affect mechanical properties like
tensile strength, bending strength, and impact resistance, we can create helpful guidelines to boost the
overall quality and reliability of FDM prints.

° This kind of research can lead to cost savings, faster production times, and better products for
industries that rely on 3D printing. It also supports the development of new materials and advances in
FDM technology.

° By exploring how different printing settings impact the final parts, this work can push the limits
of what FDM can do and open up exciting new possibilities for innovation and application.

RESULTS AND CONCLUSIONS :
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° Our study found that all five key parameters—air gap, extruder temperature, layer thickness, infill
density, and raster angle—have a significant impact on the mechanical strength of PLA parts, including
their tensile, bending, and impact strength.

. We also discovered that the interactions between these parameters play an important role in
performance. Specifically, combinations like:

1) Air gap and extruder temperature

2) Air gap and layer thickness

3) Air gap and infill density

4) Air gap and raster angle

5) Extruder temperature and layer thickness
6) Extruder temperature and infill density
7) Extruder temperature and raster angle

8) Layer thickness and infill density

9) Layer thickness and raster angle

10) Infill density and raster angle

Advantages of Exploring Novel Parameters for Better 3D Printing Performance

Looking into new and unconventional print settings offers a range of valuable benefits for improving
3D printing:

. Improved Print Quality: Tweaking lesser-known parameters can boost the strength, surface
finish, accuracy, and overall durability of printed parts.

. More Efficient Material Use: With the right settings, you can use less filament while still
maintaining performance—saving material and reducing waste.

. Faster Print Times: Smarter parameter choices can cut down printing time, making the process
more efficient, especially for prototyping or short production runs.

o Application-Specific Optimization: Novel parameters make it easier to tailor prints to meet the
demands of specific industries, like aerospace, medical, or automotive.

. Opportunities for Innovation: Experimenting with new combinations can uncover unexpected
results and help expand the capabilities of FDM printing.

. Lower Production Costs: Better quality and fewer failed prints reduce the need for reprints and
post-processing, saving both time and money.

. Enhanced Material Compatibility: Trying new settings is also key to getting the best
performance from new or advanced materials, including composites.

Applications :
Tuning and testing new 3D printing parameters isn’t just a technical exercise it has real and meaningful
applications across a variety of industries:

. Medical Devices: Fine-tuned settings can improve the precision, strength, and biocompatibility
of 3D-printed items like prosthetics, surgical tools, and custom implants.

. Aerospace: Printing lightweight, complex parts with high durability is critical in aerospace.
Optimizing parameters helps meet these strict performance and safety demands.

o Automotive: Whether for rapid prototyping or end-use components, dialling in the right print
settings improves speed, reliability, and cost-efficiency.

. Consumer Products: Better control over surface finish, strength, and accuracy allows for high-
quality, customizable products that look and perform better.

. Construction and Architecture: From detailed scale models to structural components,
advanced parameters enable more precise, efficient, and innovative designs.

. Tooling and Fixtures: Adjusting parameters for strength and accuracy helps create durable,
functional jigs, molds, and fixtures quickly and cost-effectively.

. Research and Development: Novel parameter testing allows researchers to innovate with new
materials and techniques, expanding the potential of additive manufacturing.
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Future Scope:

The future of 3D printing holds great promise, especially when it comes to exploring and optimizing
novel print parameters. As the technology advances, there's potential for intelligent, adaptive printing
systems that can adjust parameters in real-time based on the geometry, material, or print environment—
enhancing consistency and reducing manual intervention. Research into new settings can also support
the use of emerging materials, such as composites, biomaterials, or recyclable filaments, expanding the
range of applications. Tailoring parameters for specific needs—whether for aerospace-grade components,
medical implants, or multi-material parts—will enable more functional, reliable, and specialized prints.
Additionally, deeper understanding of print behavior can lead to more energy-efficient and sustainable
printing processes, aligning with global goals for greener manufacturing. In the long run, this research
can help establish standardized guidelines across industries, ensuring quality, repeatability, and greater
integration of 3D printing into smart manufacturing systems.
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