ABOUT COLLEGE

Welcome to B K College of Engi where educational 1l meets dedication and 1 iom, Our sprawling 30-
acTE campus is not just a pérysical space hut rﬁlm nfpmmlse. ﬂmgmnd to transtorm llm and nurture leaders. Witha dymmlc
managemeni ]:\lm ot the helm, we're 10 i Our mission is clear: to
cultivate and lend; il emi ml:bcr nd character. We instil in ear studends 1 strong commitment
to serving humanity while equipping them with the skills and knowledge necessary to thrive in today's competitive world. At
RK College of Engineering, we sirive for 1l in technical edueation through diligence, dexterity, and dedication, Our

gonl i fo imbue individuals with a spirit of quality consciousness and sensitivity to societal needs, fostering not only ghobal
competitiveness but also integrity and sincerity in making a positive impact

Guided by our vision to be o warld-class keader in technical edocution, we're i ly pushing daries to provide high
standards of education, research, ond hrclmuiogncn] service. Our core missions include enriching engineering skills, feslenng
cthics and leadership qualities, nurturi aring lifelong leamers, and ing n research envi that drives i A
students enter our halls, they embark on & journcy of personal and intellectual growth, emerging as dignified, ll:spnn!lhle citizens
ready bumnmhm:lnmlmnnn prosperity and progress. Join us st RE College of Engi ing, where ed

ies and individuals to shape a better tomormow

ABOUT CONFERENCE

TheQunHl)' a\mumeCell{lQA(‘J at RK (‘ullegeul En;m:mns 15 pmud 10 hout an upeomi to reveluth

the we aiim 1o pmrude o prmderinlnmlmnn] platform

for g the lnfest ad nud in the field. This conference serves as a dynamic nexus where industry

p Sl ke converge o exch idens, and explore the fronticrs of engineering and technology:
dees = e the 10 share k di md insights, fostering a vibrant exchange of ideas across will have

borders and disciplines.

The meticalously curated program inclades industry-driven presentations, expert psmsll, and keynote speecbes by mnnwmd

thesughit beaders. These sessions offer invaluable insights inio emerging trends, and future

seior sciences and technology. Panticipants will have access to top-notch I‘nﬂrues. and & king opy

th hout the conf g their p donal goals and faciliat 11 foms. Join us in Vij Andhra

Prad&dl. Inddin, on April 3rd andlﬂh 2004 for i joumey of di lnbonation, and i thatwill propel enginesri

and technology 1w new heights

Publication Partner:

United | ional Journol of Engineering and Sciences (ULJES)
An International Peer-Reviewed Engineering and Stiences Journal
ISSN:2582-588-7

Impact Factor: 7.984(SJIF)
E-Mail:editoruijes@gmail.com Website:www.uljes.com

IS0 U SPUAL] PIURADPY

A National Conference
On
Advanced Trends in
Engineering Sciences & Technology

(ATEST)

Date: 3 and 4™ April 2024

Chief Patrons
1 | I’(
e | 7.‘55“3
Sri M. M. Kondaiah Dr. M. Mahendranath
Chairman Secretary
Chief Editors

Dr. Kondragunta Rama Krishnaiah, Principal
Dr. I.Sai Ram, Vice Principal
Editor
Dr. H. Harish, iQAC Coordinator

R K College of Engineering

(Autonomous)
Kethanakonda (V), Ibrahimpatnam (M),
Vijayawada, AMARAVATI-521456.




Advanced Trends in Engineering Sciences & Technology (ATEST)

A National Conference Special Issue

Date: 3" and 4™ April 2024

Chief Editors

Dr. Kondragunta Rama Krishnaiah, Principal

Dr. I. Sai Ram, Vice Principal

Editor
Dr. H. Harish, IQAC Coordinator

Editorial Board
Dr. B. E. Manjunath, Professor

Dr. R. Sujatha Rani, Professor
Dr. K. V. Rama Rao, Professor
Dr. G Narendra Santosh Kumar, Associate Professor
Dr. P Vamsi Krishna, Associate Professor

Dr. T. N. Charyulu, Associate Professor

R K COLLEGE OF ENGINEERING
(AUTONOMOUS)

Kethanakonda (V), Ibrahimpatnam (M),
Vijayawada, AMARAVATI — 521456



PREFACE

Welcome to the National Conference Special Issue of "Advanced Trends in Engineering
Sciences & Technology (ATEST)". It is with great pleasure that we present this special issue in
conjunction with the eagerly awaited National Conference on Advanced Trends in Engineering
Sciences & Technology (ATEST) scheduled to take place in Vijayawada, Andhra Pradesh, India, on
3 & 4™ of April 2024. Hosted by IQAC, R K College of Engineering, this event stands as a
pinnacle in the realm of engineering and technology, offering a global platform for the exchange of
cutting-edge ideas and innovations.

In today's fast-paced world, the field of engineering and technology undergoes constant
evolution, driven by innovation and fueled by collaboration. The ATEST conference serves as a vital
conduit for professionals and academics alike to converge, share their insights, and collectively
advance the boundaries of knowledge.

This special issue encapsulates the essence of the conference, featuring contributions from
esteemed presenters, keynote speakers, and industry experts. Through a comprehensive program
comprising industry-driven presentations, expert panels, and keynote speeches, readers will gain
access to a wealth of knowledge at the forefront of engineering and technology.

Moreover, this issue is not merely a compilation of papers; it is a testament to the spirit of
collaboration and camaraderie fostered at the ATEST conference. It is a platform where diverse
perspectives converge, where ideas are exchanged, and where lasting connections are forged.

As you delve into the pages of this special issue, we invite you to embark on a journey of
discovery and enlightenment. May the insights shared herein inspire you, provoke thought, and ignite
new avenues of exploration within the vast landscape of engineering sciences and technology.

We extend our heartfelt gratitude to all contributors, organizers, and attendees whose collective
efforts have made this special issue possible. Together, we celebrate the spirit of innovation and
collaboration that defines the ATEST conference and look forward to the transformative impact it
will have on the future of engineering and technology.

Sincerely
Editorial Board



MESSAGE FROM CHAIRMAN

Dear Students, Faculty, and Stakeholders,

It is with immense pride and gratitude that | extend my warmest greetings to each and every
member of the R K College of Engineering family.

As the Chairman of R K College of Engineering, | am privileged to lead an institution that
stands as a shining example of educational excellence and commitment to societal betterment.
Guided by a vision of fostering high intellectualism and character, R K College of Engineering has
emerged as a kingdom of educational prowess under the stewardship of our dedicated management
team.

Our journey towards excellence is fueled by a relentless pursuit of innovation, guided by the
core principles of diligence, dedication, and a deep-rooted commitment to service. Our sprawling
campus, spanning 30 acres, serves as the fertile ground upon which the seeds of knowledge are sown
and nurtured, shaping individuals into leaders of tomorrow.

At R K College of Engineering, we firmly believe that education is not merely about imparting
knowledge but also about instilling values, ethics, and a sense of social responsibility. Our mission is
clear: to enrich engineering skills aligned with industrial needs, foster a culture of ethics and
leadership, serve as a center of excellence, and drive forward the frontiers of knowledge through
research and innovation.

As Chairman, | am proud to witness the transformative impact R K College of Engineering has
on the lives of our students and the communities we serve. Each day, we strive to uphold our
commitment to excellence and empower our students to become dignified, responsible, and talented
citizens of our nation.

| invite you to join us on this remarkable journey of growth, learning, and discovery at R K
College of Engineering. Together, let us continue to push the boundaries of knowledge, inspire
innovation, and shape a brighter future for generations to come.

With warm regards,
Madduluri Mala Kondaiah



MESSAGE FROM SECRETARY

Dear Members of the R K College of Engineering Community,

Greetings,

As the Secretary of R K College of Engineering, it is my honor to address you on behalf of our
esteemed institution. At R K College of Engineering, we are driven by a shared commitment to
academic excellence, innovation, and service to society.

Our institution, guided by a dynamic and committed management team, stands as a beacon of
educational prowess, offering a transformative experience to all who pass through our gates. With a
sprawling campus spanning 30 acres, R K College of Engineering provides the ideal environment for
nurturing the intellect and character of our students.

Our vision is clear: to be a world-class leader in technical education, continuously striving to
provide high standards of education, research, and technological service that transform individuals
into high intellectuals. Our mission, rooted in a deep sense of responsibility, encompasses enriching
engineering skills, fostering a culture of ethics and leadership, serving as a center of excellence, and
promoting research and innovation.

As Secretary, | am proud to witness the dedication and passion of our faculty, staff, and students
in pursuit of our shared goals. Together, we work tirelessly to empower our students to become
responsible citizens and leaders who will contribute to the prosperity and progress of our nation.

| invite each of you to join us in our mission to shape the future of engineering and technology.
Together, let us continue to strive for excellence, uphold our values, and make a positive impact on
the world.

Warm regards,
Dr. M. Mahendranath

Secretary



ABOUT CONFERENCE

The Quality Assurance Cell (IQAC) at R K College of Engineering is thrilled to announce its
role as the proud host of the upcoming conference, poised to be a pivotal moment in the realm of
engineering and technology. With a steadfast commitment to excellence, R K College of Engineering
aims to provide a premier international platform for the unveiling of the latest advancements and
innovations in the field.

At the heart of this conference lies a dynamic nexus where industry professionals and academics
converge to exchange ideas, collaborate, and explore the frontiers of engineering and technology.
Our focal point is clear: to empower attendees with the opportunity to share their knowledge and
insights with a global audience, fostering a vibrant exchange of ideas that transcends borders and
disciplines.

The conference program is meticulously curated to encompass industry-driven presentations,
expert panels, and keynote speeches delivered by renowned thought leaders from across the globe.
These sessions promise to offer invaluable insights into the latest trends, emerging technologies, and
future directions shaping the landscape of engineering sciences and technology.

Moreover, attendees, presenters, keynote speakers, and volunteers alike will be granted access to
top-notch facilities, resources, and opportunities throughout the conference. This conducive
environment is designed to support individuals in achieving their professional goals, whether it be
through networking, skill-building, or forging new collaborations.

Indeed, the conference serves as an unparalleled networking opportunity, facilitating the
formation of business and research relationships, fostering high-level discussions, and nurturing
future international collaborations. These experiences are not only enriching but also instrumental in
shaping the professional growth and development of all participants.

As we stand on the cusp of this momentous event, we invite you to join us in Vijayawada,
Andhra Pradesh, India, on the 3 and 4™ of April 2024. Together, let us embark on a journey of
discovery, collaboration, and innovation that will propel the field of engineering and technology to

new heights.

Warm regards,

Dr. H. Harish

IQAC Coordinator

R K College of Engineering
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Abstract — 3D printing technology has revolutionized industries, offering efficient and precise manufacturing of
complex objects while promoting customization and sustainability. However, the varied performance of 3D printers
necessitates a comprehensive review. This paper thoroughly evaluates the precision and efficiency of 3D printers,
analyzing factors such as build volume, layer resolution, printing speed, material compatibility, and overall output
quality. By synthesizing recent studies and literature, the review highlights advancements in 3D printing, encompassing
new materials, software algorithms, and hardware capabilities. Drawing from reputable sources, including peer-
reviewed journals and technical reports, the findings aim to be a valuable resource for researchers, industry
professionals, and consumers in making informed decisions about 3D printer selection. Ultimately, this comprehensive
review contributes to a deeper understanding of 3D printing's precision and efficiency, fostering advancements and
improved manufacturing processes across diverse fields.

Keywords — 3D printers, Precision, and Efficiency.

I.LINTRODUCTION

3D printing technology has revolutionized various industries by enabling efficient and precise
manufacturing of complex objects. This technology has gained immense popularity due to its capability to
create customized designs, reduce time and cost in manufacturing processes, and promote sustainability.
However, the performance of 3D printers can vary significantly across different models and manufacturers.

Therefore, a comprehensive review is essential to evaluate the precision and efficiency of 3D printers.
This paper aims to provide a comprehensive review of the performance of 3D printers, focusing on the
evaluation of precision and efficiency. By examining recent studies and literature, we aim to analyze the
factors influencing the performance of 3D printers, such as build volume, layer resolution, printing speed,
material compatibility, and overall quality of output.

Furthermore, this review will highlight the advancements and innovations in 3D printing technology,
including the introduction of new materials, improved software algorithms, and enhanced hardware
capabilities. We will also discuss the impact of these advancements on the overall performance of 3D
printers.

To ensure the validity and reliability of our findings, we will rely on recent reference citation from
reputable sources, including peer-reviewed journals, conference proceedings, and technical reports. By
synthesizing existing research and providing an in-depth analysis, this review aims to serve as a valuable
resource for researchers, industry professionals, and consumers seeking to make informed decisions
regarding 3D printer selection and utilization.

Overall, this comprehensive review on the performance of 3D printers will contribute to a better
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understanding of the precision and efficiency aspects of this technology, facilitating advancements in
various fields and enabling improved manufacturing processes.
1.PERFORMANCE OF 3D PRINTER

In the dynamic realm of additive manufacturing, the performance of 3D printers holds pivotal
significance [1]. Dive into this comprehensive review where we meticulously evaluate the precision and
efficiency of various 3D printers [2]. From desktop units to industrial behemoths, this review delves into
the nitty-gritty of their performance, leaving no filament unturned.

In a world where precision reigns supreme, finding the perfect balance between quality and speed is the
holy grail. Through meticulous testing and analysis, we uncover the truth about these cutting-edge mahines,
providing you with insights to make informed decisions.

Feel the pulse of innovation as we dissect, compare, and critique the performance metrics of leading 3D
printers, allowing you to navigate the maze of options with clarity and confidence. Whether you're an
industry professional, enthusiast, or a curious mind, this review is your compass in the ever-evolving
landscape of 3D printing.
1.Understanding 3D Printing Technology

3D printing, also known as additive manufacturing, is a revolutionary process that creates three-
dimensional objects from a digital file. Unlike traditional subtractive manufacturing methods, which
involve cutting away material from a solid block, 3D printing builds up the object layer by layer. This
technology has gained widespread attention for its versatility, enabling the production of complex
geometries and customized components with unprecedented ease.

The process begins with a 3D model created using computer-aided design (CAD) software. The model is
then sliced into thin cross-sectional layers, which serve as a blueprint for the 3D printer to follow. Various
printing technologies, such as fused deposition modeling (FDM), stereolithography (SLA), selective laser
sintering (SLS), and digital light processing (DLP), utilize different approaches to material deposition and
curing to bring the digital design to life.

The evolution of 3D printing technology has led to its integration across diverse industries, including
aerospace, automotive, healthcare, and consumer goods. As the capabilities of 3D printers continue to
expand, the need for precise and efficient printing becomes increasingly critical.
2.Importance of Precision and Efficiency in 3D Printing

The significance of precision and efficiency in 3D printing cannot be overstated. Precision, or
dimensional accuracy, is the ability of a 3D printer to reproduce the intended dimensions of the design with
minimal deviation. Achieving high precision is crucial for producing parts that fit and function as intended,
especially in engineering, prototyping, and medical applications.

On the other hand, efficiency encompasses various factors, including print speed, material usage, and
overall productivity. Efficient 3D printing translates to reduced production times, lower material wastage,
and cost-effective manufacturing processes. Balancing precision and efficiency is a delicate dance that
influences the quality, reliability, and economic viability of 3D-printed components.

3.Key Performance Metrics for Evaluating 3D Printers

When evaluating the performance of 3D printers, several key metrics come into play, providing a
comprehensive view of their capabilities. These metrics encompass dimensional accuracy, surface finish,
layer adhesion, print speed, material compatibility, and reliability. Understanding and analyzing these
performance indicators is essential for making informed decisions when selecting a 3D printer for specific
applications.

Dimensional accuracy measures the deviation of printed parts from their intended dimensions, typically
expressed as tolerances in millimeters or microns. Surface finish refers to the smoothness and quality of the
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printed object's exterior, impacting its visual appeal and functional characteristics. Layer adhesion assesses
the strength of bonds between successive layers, ensuring structural integrity and mechanical performance.
Print speed, often quantified in millimeters per second, influences production throughput and operational
efficiency. Material compatibility encompasses the range of materials a 3D printer can effectively utilize,
including thermoplastics, resins, metals, ceramics, and composites. Reliability reflects the consistency and
repeatability of a 3D printer's performance, indicative of its long-term usability in manufacturing
environments.

4.Factors Affecting Precision in 3D Printing

The precision of 3D printing is influenced by a multitude of factors, spanning machine characteristics,
material properties, process parameters, and post-processing techniques. Machine- related factors include
the type of printing technology, build volume, positional accuracy of the print head, and stability of the
printing platform. Each technology has its unique attributes that impact dimensional accuracy and surface
finish.

Material properties, such as shrinkage, warping, thermal stability, and flow behavior, significantly affect
the precision of printed parts. Understanding the thermal and mechanical properties of materials is crucial
for optimizing print settings and achieving dimensional consistency. Process parameters, including layer
thickness, print speed, nozzle temperature, and cooling mechanisms, play a pivotal role in controlling the
deposition and solidification of materials.

Post-processing techniques, such as sanding, polishing, heat treatment, and surface coating, can refine the
precision and aesthetics of 3D-printed objects. Proper post-processing steps are essential for rectifying
imperfections and enhancing the overall quality of printed parts. By addressing these factors, manufacturers
and users can elevate the precision of 3D printing to meet exacting standards.

5.Factors Affecting Efficiency in 3D Printing

Efficiency in 3D printing is contingent on various factors that encompass hardware, software, material

utilization, print settings, and process optimization. Hardware considerations include the speed and
accuracy of motion systems, extrusion mechanisms, and cooling arrangements. High- performance
components and robust designs contribute to faster and more reliable printing operations.
Software plays a crucial role in optimizing print paths, supporting multiple materials, managing print
queues, and implementing intelligent slicing algorithms. Advanced slicing software can maximize print
efficiency by minimizing travel distances, reducing retractions, and optimizing support structures. Material
utilization and waste reduction are paramount for achieving cost-effective and sustainable 3D printing
practices.

Fine-tuning print settings, such as layer height, infill density, wall thickness, and support generation,
directly impacts printing speed and material consumption. Process optimization involves iterative
refinement of printing parameters to strike a balance between speed, quality, and resource utilization. By
addressing these factors, users can enhance the overall efficiency of 3D printing and streamline their
production workflows.
6.Evaluating the Precision of Popular 3D Printer Models

In the realm of 3D printing, numerous manufacturers offer a diverse array of 3D printer models catering
to different applications, budgets, and performance requirements. Evaluating the precision of popular 3D
printer models entails comprehensive testing and analysis to discern their capabilities and limitations. Each
model undergoes scrutiny across various performance metrics to paint a holistic picture of its precision.

Dimensional accuracy is meticulously assessed through the printing of standardized test objects and
geometries with intricate features. Surface finish is scrutinized under varying print settings and material
compositions to gauge the printer's ability to deliver smooth and visually appealing results. Layer adhesion
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is tested through mechanical stress and material compatibility evaluations to ascertain the robustness of
printed parts.

Additionally, real-world applications and use cases are simulated to assess the practical precision of 3D
printer models in engineering, prototyping, and manufacturing scenarios. By subjecting these models to
rigorous testing protocols, their strengths and weaknesses in terms of precision become evident, aiding
users in making informed purchasing decisions.
7.Assessing the Efficiency of Popular 3D Printer Models

Efficiency assessments of popular 3D printer models encompass a comprehensive review of their speed,
material utilization, operational reliability, and overall productivity. Print speed tests involve benchmarking
the time taken to produce standardized objects under varying complexities and geometries. Material
utilization is quantified by analyzing waste generation, filament consumption, and spool-to-printer
interfaces.

Operational reliability is determined through long-duration print tests, maintenance intervals, and failure
rates, providing insights into the robustness and consistency of printer performance. Overall productivity is
evaluated by considering the printer's capability to handle batch production, multitasking, and seamless
integration with post-processing equipment. By dissecting these efficiency metrics, users can gauge the
real-world impact of popular 3D printer models on their manufacturing operations.
8.Comparing Precision and Efficiency Across Different 3D Printing Technologies

The landscape of 3D printing technologies encompasses a spectrum of approaches, each with unique
advantages and limitations in terms of precision and efficiency. Comparing these technologies sheds light
on their respective capabilities and suitability for diverse applications. Fused deposition modeling (FDM)
printers are renowned for their affordability, versatility, and robustness, albeit with moderate precision and
speed constraints.

Stereolithography (SLA) and digital light processing (DLP) technologies excel in delivering high
precision and intricate details, making them ideal for prototyping and high-resolution applications.
However, their print speeds and material utilization may not be as efficient as FDM printers. Selective laser
sintering (SLS) and other powder-based technologies offer exceptional precision and material diversity,
albeit at a higher cost and complexity.

Metal 3D printing technologies, such as selective laser melting (SLM) and electron beam melting (EBM),
exhibit unparalleled precision and material properties for aerospace, medical, and automotive applications.
However, their efficiency in terms of speed and operational costs may pose challenges for widespread
adoption. By comparing the precision and efficiency of different 3D printing technologies, users can align
their requirements with the most suitable technology for their specific needs.
9.Future Advancements in 3D Printing for Improved Precision and Efficiency

The future of 3D printing holds promising advancements that aim to elevate the precision and efficiency
of additive manufacturing. Innovations in machine design, motion systems, material science, and software
algorithms are poised to push the boundaries of what 3D printers can achieve. Enhanced motion control
systems with higher accelerations and decelerations promise to elevate printing speeds without
compromising precision.

Advancements in material science, including the development of high-performance polymers, composite
materials, and metal alloys, expand the horizons of functional and aesthetic possibilities in 3D printing.
Smart and adaptive slicing algorithms embedded within slicing software optimize print paths and support
structures, further enhancing efficiency and minimizing material wastage.

Continuous improvement in post-processing techniques, such as automated surface finishing and
integrated part inspection, streamlines the path from digital design to finished product.
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Furthermore, the integration of artificial intelligence and machine learning algorithms into 3D printing
workflows promises to optimize print settings, predict failure modes, and self-correct deviations in real-
time. These advancements collectively pave the way for a future where 3D printing achieves unprecedented
levels of precision, efficiency, and scalability across industries.

111.CONCLUSION AND RECOMMENDATIONS

In conclusion, the performance of 3D printers in terms of precision and efficiency is a multifaceted
domain that encompasses technological, material, and operational considerations. Understanding the
interplay of various factors, such as machine design, printing technology, material properties, and process
optimization, is crucial for harnessing the full potential of 3D printing.

As the additive manufacturing landscape continues to evolve, it is imperative for users to conduct
thorough evaluations of 3D printer models based on their specific application requirements. By prioritizing
precision and efficiency, users can align their 3D printing capabilities with the demands of their industries,
whether in engineering, healthcare, consumer products, or beyond.

In light of the future advancements on the horizon, embracing the latest innovations in 3D printing
technology holds the key to unlocking new frontiers of precision and efficiency. By staying abreast of
emerging trends and breakthroughs, users can position themselves at the forefront of additive
manufacturing, driving innovation and competitiveness in their respective domains.

In this quest for precision and efficiency, the journey of 3D printing continues to unfold, presenting
endless opportunities for creativity, functionality, and sustainable production practices. As we navigate this
dynamic landscape, let us embrace the trailblazers and the underachievers, forging a path towards a future
where additive manufacturing sets new benchmarks for precision and efficiency. In conclusion, the
performance of 3D printers in terms of precision and efficiency is a multifaceted domain that encompasses
technological, material, and operational considerations. Understanding the interplay of various factors, such
as machine design, printing technology, material properties, and process optimization, is crucial for
harnessing the full potential of 3D printing.

As the additive manufacturing landscape continues to evolve, it is imperative for users to conduct

thorough evaluations of 3D printer models based on their specific application requirements. By prioritizing
precision and efficiency, users can align their 3D printing capabilities with the demands of their industries,
whether in engineering, healthcare, consumer products, or beyond.
In light of the future advancements on the horizon, embracing the latest innovations in 3D printing
technology holds the key to unlocking new frontiers of precision and efficiency. By staying abreast of
emerging trends and breakthroughs, users can position themselves at the forefront of additive
manufacturing, driving innovation and competitiveness in their respective domains.

In this quest for precision and efficiency, the journey of 3D printing continues to unfold, presenting
endless opportunities for creativity, functionality, and sustainable production practices. As we navigate this
dynamic landscape, let us embrace the trailblazers and the underachievers, forging a path towards a future
where additive manufacturing sets new benchmarks for precision and efficiency.
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Abstract — Considering the current situation of energy shortages, this paper centers around the introduction of a
multipurpose solar device, otherwise known as SOLAR DCS (which stands for SOLAR DRYER, SOLAR COOKER, and
SOLAR STILL). It is designed in an economical manner, but without the need for solar panels. This Solar DCS can be used
to dry wet seeds and grains, cook rice, and even distill water, all using solar energy. To enhance the efficiency of the device, a
"SOLAR TRACKING SYSTEM™ was created to collect and absorb the maximum amount of solar radiation on the glass
plane. Following the assembly of the Solar DCS and Solar Tracking System, it underwent trials and the results were
documented. Finally, the performance of the device was calculated and tabulated using the appropriate mathematical
formulae.

Keywords — Multipurpose Solar Device, Solar DCS, Solar Dryer, Solar Cooker, Solar Still, Solar tracking System

I. INTRODUCTION

The economic development of a society depends upon the acquisition of energy. As infrastructure is expanded, the need
for energy from a variety of sources grows. Lately, the world has become concerned regarding the state of energy and is
attempting to find solutions to the issue [1]. In the last few years, it has become apparent that fossil fuels are quickly
running out and the time of their usage is quickly fading. This is especially true for oil and natural gas. The burning of
these resources has caused many areas to suffer from air pollution due to the large quantities of hazardous gases being
emitted into the atmosphere [2]. When it comes to nuclear power plants, there is worry of radioactive substances being
emitted into the atmosphere if accidents occur, as well as the difficulty of disposing the radioactive waste in the long
run. Moreover, the lifespan of such a power plant is only two decades [3]. Hydroelectricity is generally free from
pollution, however the constancy of the energy source is not certain as it relies on rainfall which in turn is dependent
upon a clean and healthy environment. Initially, these issues regarding the environment were not taken seriously. Now,
as research is conducted to identify new energy sources, keeping the environment in mind is an important factor [4].

It's clear that we require to explore other energy sources as an alternative to the current reliance on fossil fuels.
Therefore, it is an opportune moment to look at "SOLAR ENERGY OPTION" and the THREE-IN-ONE SOLAR
DEVICE as a potential solution. The inexhaustible potential of solar energy is immense, thus making it capable of
satisfying the world's present and future energy requirements. This makes it an attractive renewable energy source.
Furthermore, its two other advantages are its cleanliness and accessibility, as it is free and available in adequate
amounts in most places. Solar energy is a huge and never-ending source of energy that could potentially fulfill all the
energy needs of the world on a continuous basis, making it one of the most promising types of unconventional energy.
There are two other advantages to solar energy: it is a clean source of energy, and it is free and accessible in most places
where people live.

The Sun: An Unfading Source of Power:

This celestial body is an undying source of energy that has been providing a steady flow of energy that has been used
throughout the ages. Its rays provide us with warmth and sustenance, as well as a sense of security. It has been the
driving force behind many of the accomplishments of mankind, both in the past and in the present. Its bounty is
limitless and its power inexhaustible, making it an invaluable asset to humanity.
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Solar energy is an inexhaustible source of power and it is essential to gain some understanding of the sun and the planet
Earth before delving into the practical applications. The sun is a star among many in the universe and has a gaseous
composition due to its extremely high temperature. Its circumference is approximately 1.38 million kilometers and its
mass is approximately 3.32 million times that of the Earth. The sun rotates around its axis in around 25 days at the
equator and 27 days at 40° latitude. It is composed of 3.35 million cubic miles of hot gases which has a combined
weight of more than two quadrillions (2x10*8 tonnes) [5].

The structure of the sun is usually divided into three regions.

A. The Solar interior

B. The Photosphere

C. The Solar atmosphere
A) THE SOLAR INTERIOR:

At the centre of the sun lies a mass whose temperature is estimated to be 20-million-degree kelvin and a density roughly
80 to 100 times greater than that of water. This area is thought to contain approximately one billion atoms and it is
from here that the sun's energy is believed to be generated. It has been estimated that 90% of energy is generated in a
region of 0 to 0.23 R, where R stands for the radius of the sun, and containing 40% of its mass. The temperature at a
distance of 0.7R is assumed to have decreased to 13X10* K and the density to a level of 0.07 gm/ml. It is thought that
the convection process begins around 0.7R and will keep on up to 1.0R, thus making the area from 0.7R to 1R the so-
called "Convection Zone". The temperature and density in this zone are likely to be 5700 K and 108 g/ml respectively

[51
B) THE PHOTOSPHERE:

The photosphere, the highest layer of the convection zone, is composed of iron-rich gases and is opaque. It is able to
both absorb and emit a range of radiations, which is the source of solar radiation.

C) THE SOLAR ATMOSPHERE:

It is thought that the extent of the solar atmosphere extends to approximately two million kilometers, and is mostly
transparent. This atmosphere is divided into three parts:

a. The Reversing layer,

b. The Chromosphere, and

c. The Corona.

a. The Reversing layer:
The photosphere's reach expands for hundreds of kilometers with cooler layers of gases in its atmosphere.

b. The Chromosphere
At a depth of roughly 10,000 kms from the reversing layer lies the chromosphere, a gaseous layer with a slight
temperature increase from the photosphere. This can be seen during a total solar eclipse.

c. The Corona
The corona is immensely deep, extending to around a million kilometers or more. It is composed of gases at an
incredibly low density with temperatures reaching up to 10° Kelvin.

EARTH:

The diameter of the earth is around 12,640 km and it rotates around its axis in a span of 24 hours. It revolves around
the sun in a duration of 365.25 days. The mean distance between the two is approximately 148.65 million km. During
its orbit around the sun, it draws the closest to the sun on January 1st. The earth's axis of rotation is titled 23.5° in
relation to its orbit around the sun and it maintains this position throughout the rotation period [5].

SOLAR RADIATION:
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Heat transfer from an object of higher temperature to one of lower temperature across a vacuum is known as radiation.
This process is generally used to discuss electromagnetic wave occurrences. According to Newton, radiation is
composed of numerous miniscule and speedy particles of various sizes originating from luminous bodies [5]. The level
of solar radiation impinging a surface perpendicular to the sun's rays when the earth is at its closest distance to the sun
is referred to as the 'solar constant'. This value is usually taken as 1.94 Cal/cm?-min. or 1164 Kcal/hr. m2. This
radiation is similar to the radiation from a black body at a temperature of 6000 K-5792 K. Even though the total energy
is around 2 Cals/cm?>-min., the amount of solar radiation that actually reaches the earth's surface is much lower than
this figure. As the solar radiation passes through the atmosphere, some of it is intercepted by dry air molecules, water
molecules, dust particles, and ozone in the upper atmosphere. The remaining radiation without any change in direction
is the “BEAM OR DIRECT RADIATION” [5].

The atmospheric molecules impede the direct ray from reaching the earth's surfaces, which causes these radiations to be
diverted and known as "diffused radiations”. Variations in the amount of radiation with normal incidence from the sun
that reaches the surface are caused by factors such as...

1) Variations in distance from earth to sun.

2) Variations in atmospheric scattering by air molecules, water vapour and dust.

3) Variation in atmospheric absorption by 02, 03, H-0 and CO..

The X-rays and other radiations of very short-wave lengths belonging to the solar spectrum are taken in by the
ionosphere as a result of the atmospheric contents like N2 and O2. From an application standpoint, only radiations with
wave lengths ranging from 0.24 to 2.5 are of interest [5].

Nahar et al. created a multipurpose solar energy apparatus that could be used as a water heater, solar still, and a solar
dryer and its performance was found to be successful. This device was able to produce 5-80 litres of hot water at 55-
650C at night, 2-3 litres of distilled water, and 10-15 Kg of dried products in a continuous drying span of 3-5 days [6].
P.C. Pande and K.P. Thanvi designed a solar cooker cum dryer that was found to be efficient in cooking rice and drying
small quantities of fruits and vegetables [7]. Naveen Kumar et al. invented a pyramid type domestic solar cooker cum
dryer, and the tests concluded that the highest temperature of water achieved while cooking was 98.60C [8]. Shyam S.
Nandwani constructed a multipurpose solar hot box fashioned from an insulated wooden box containing PCM1 material
and it was tested experimentally [9]. Naveen Kumar et al. then developed a pyramid type solar cooker cum water heater
that could be used by poorer households [10]. Abhishek Saxena and Ghanshyam Srivastava created a multipurpose solar
energy system for cooking, drying and distilling purposes, and it was found to be a viable alternate solar Combi-system
for heating operations in simple households [11].

The objective of this paper is to create an inexpensive multipurpose solar device for the tasks of cooking, drying, and
distilling water without the need for solar panels or other commercial solar energy cells. Constructed from plywood and
glass sheets, the prototype was then tested to assess its performance.

Il. MATERIALS AND METHODS

CONSTRUCTIONAL DETAILS OF THREE - IN — ONE (D.C.S) SOLAR DEVICE

Based on the studies previously conducted [6-11], the creation of a multipurpose solar device was completed. Due to
this device being of the natural convection type, it can be fabricated from materials that are readily accessible to local
areas. It is composed of,

a) Rectangular box:

This was constructed with % inch thick high-grade plywood, connected at the corners with mortise and tenon joints to
make it airtight. The size of the box is (100 cm x 80cm x 25¢cm). A layer of 5ecms thick thermocol was added inside to
reduce heat loss to the environment. It was also fitted with four wheels at the exterior of the base, allowing for easy
transportation of the bulky assembly.

In order to give a great appearance, the exterior of the box is divided via a "SUN MAKER". Holes with a measurement
of 3mm and an interval of 10cm between each hole and 5cm between the two rows are drilled on each side and coated
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with blackboard paint. The upper sides with bigger measurements inside the box have two sheet metal channels, as
demonstrated in Figure 1, to gather the condensed water vapor from the transparent cover following evaporation.

b) Wooden frame:

At the bottom, two wooden frames of triangular shape are firmly attached to the box. On each succeeding frame, a slot
is included to ensure a proper fit for the glass on both sides. The outer slot of the triangular frame has a dimension of 80
cm x 70 cm x 7 cm. An equilateral triangular door of 60 cm (on each side) made of % inch thick plywood is positioned
on the side, and a handle is added from the outside for easier handling of the doors.

The total height of the still is 95 cm, and the angle between the wooden straps of the triangular frame is held at 60°. To
prevent a cantilever version of the wooden frame at the top, and to ensure an even distance, a 16 mm diameter M.S. rod
is threaded through the frames and secured with locknuts to provide some adjustments in the span. Glass sheets, 105 cm
x 80 cm x 0.4 cm in size, are placed in slots cut into the wooden frame, creating an enclosed area. At the junction of the
two glass sheets at the top, a wooden angle section is fixed, and holes are drilled into it to allow for the release of hot
air.

c) Wire — mesh trays:

For added sturdiness, the three wire mesh trays are crafted with wooden frames at the corners. The first one is a
diamond-shaped mesh tray which is 98cm x 27cm and is suitable for accommodating papads, large grains, vegetables,
fruits, etc. The other two meshes are fastened to an aluminium angular frame that is screwed to a triangular structure.
The square mesh trays measure 98 cm x 66 cm.

d) Collector trays:

The purpose of this is to acquire solar energy from the radiation that is directed at it by the cover glass. It functions as a
heat exchanger, which absorbs the heat from the sun and then transfers it to the water beneath. The degree of energy
absorption is based on:

a) Insulation rate of the absorber

b) Transmittance performance of the cover plate
c) Losses due to dirt on the cover

d) Shading on the absorber plate by side walls
) Absorptivity of the plate for solar radiation

The heat balance of the plate is given as follows:
Useful heat collected = heat absorbed by the plate — heat losses
Qu=H(C)-U.T (tp —ta)
Where,
Qu = Rate of useful heat collection / unit area
U: = Overall heat loss co—efficient from collector plate to the ambient plate
tp & ta = Average plate and ambient air temperature
T = Transmittance of the cover plate
= Absorptivity of the cover plate

The distillation plate's collection area is 0.6468 m2. To attain the optimal output, the tray should be filled with water to
a level of 2 to 3cms. Two trays with a collective area of 0.4284 m? have been developed taking into consideration the
strength considerations. The diagram indicates the locations where the sheets should be bent and the corner joints
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should be properly soldered in order to avoid water leakage. The inner and outer parts of the trays are painted black as
they have a greater capacity to absorb radiation than other colours.

e) Channel for Collection of Distilled Water:

The glass cover is fitted with a channel at its lower end, in order to collect the distilled water that is dripping down. A
hole is provided at the termination of the channel, into which a thin tube is connected. To make sure the connection is
free from any leakage, the outlet pipe is connected to a measuring jar to record the amount of water collected.

f) Cover Glass:

Two layers of transparent cover glasses are employed for the solar device. This cover is designed to protect the
distillation segment and allow solar radiation to pass through into the interior. The cover plate temperature (tp) should
not be higher than the ambient temperature (ta). When this is not the case, additional cover plates are added to
guarantee the optimal performance of the equipment.

The radiation that passes through is contingent on the transmittance of the cover plate. The capacity for any transparent
material to transmit a beam of solar radiation is reliant upon the surface reflection and internal absorption within the
material, which is determined by the angle of the beam. The transparent cover material should possess particular traits.

» The material should be resistant to the elements, such as weather, wind, rain and dust.

« It should have a transmittance of more than 85% for short wave solar radiation, if possible, higher.
* It should be barely opaque to along wave radiation.

« It should not possess any electrostatic properties that would draw dust to its exterior.

g) Insulation used underneath the Tray:

Thermocol was chosen to insulate the bottom area of the box to a thickness of 5cm in order to reduce heat loss from the
tray by conduction. The following reasons explain why thermocol was selected as an insulation:

a) Thermocol has a very low weight and is capable of sustaining itself structurally.
b) It's resistant to water and won't allow any water to pass through.

c) It can tolerate temperatures of up to 80°C without needing extra wrapping or changing its shape.

I1l. EXPERIMENTAL PROCEDURE AND TABULATION
SOLAR DRYER:

In order to evaluate the performance of the dryer, the product to be dried had to be submerged in water and weighed
precisely. Usually, the OSAW universal moisture meter is used to measure the moisture content of the product directly.
However, due to a lack of the moisture meter, we had to measure the moisture content manually.

The initial weight of product after soaking = W,

The dryer was placed in the north-south direction, so that the 60° angled glass covers could interface with the sun's light
as it moves from east to west. The item was then laid out on the mesh inside the device and the doors were shut. The
"PYRANOMETER" and ‘THERMO METER” were used to monitor the intensity of solar radiation and the temperature
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of the air inside the dryer respectively at intervals of one hour. As the evening drew closer (as the intensity of solar
radiation is lower at this time), the contents were taken out of the dryer and weighed accurately after 6 to 8 hours.

Weight of product of after drying = W>
Percentage of moisture removed from product =
(W1 -W5) / W1 x 100
For various food grains, the same method will be used.
SOLAR COOKER:

For the experiment, a modest amount of rice was put into an aluminium vessel that had been painted black, and the
appropriate amount of water was included. This combination was then placed in the center tray of the device. This trial
was done in tandem with an experiment on a dryer.

SOLAR STILL:

An exact amount of water was put into the trays and inserted into the instrument and the doors were closed. As normal,
the apparatus was arranged in a north — south orientation. Records of the intensity of solar radiation and temperature
were taken every hour. Two vessels were initially positioned at the exits of the channel to accumulate the distilled water
coming out through the pipes. A beaker was used to determine the amount of water gathered in the beaker at the end of
the experiment. Figures 1 and 2 illustrate the schematic representation and photographic view of the multi-purpose
solar device (DCS).

4

Fig. 1 Schematic representation of Solar DCS
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Fig. 2 Photographic view of Solar DCS
IV. RESULTS AND DISCUSSIONS

The mathematical correlations below were applied when conducting a performance assessment of the multipurpose
solar DCS:

The Efficiency of the Solar Dryer:

A ratio for the effectiveness of using solar energy with the dryer has been calculated using the following equation. This
ratio is the amount of heat used for evaporating moisture from the foodstuffs compared to the amount of solar radiation
hitting the glass plane.

I, Dryer = Mm. L/ A.H.de
Where,

Mm = Mass of moisture removed from the food grains (W1 - W>) kg

L = Latent heat of evaporation of water = 2257 kJ/kg

A = Area of absorber (Area over Which the grains are distributed on dryer trays) = (27 x 98) x 10 m?
H = Average Value of Solar Radiation on Glass Cover (kW/m?)

o = Time during which solar radiation was measured.

The Efficiency of the Solar Still:
n st = Mw xA h/ (A x Hx3600)
Where,

MW = Mass of distilled water collected (kg)
Ah = (hg — hy) = Change in enthalpy from cold water to vapour (kJ/kg)
hg = Enthalpy of saturated vapour at maximum temperature reached by water in the tray
h: = Enthalpy of saturated water at initial water temperature in the tray,
(Assuming dryness fraction = 1)

A = Area of the absorber (tray) in which water is poured

= (51 x 84) x 10 m?
H = Solar Radiation in kW/m?
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Fig.3 Solar Radiation Vs Efficiency of Dryer Fig.4 Efficiency of the Solar Still on Day 1

As shown in Fig.3, the efficiency of the dryer with solar radiation fluctuated throughout the day from 10 am to 4 pm
when used for various types of food grains, including green peas, ground nuts, grapes, red grams, soya beans and
cowpea. Results demonstrated that drying efficiency was higher for red grams than the other grains. Ground nuts,
however, still need improvement in terms of drying efficiency.
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Fig. 4 to 8 indicate that the efficiency of the solar still fluctuates on an hourly basis from 10am to 4pm. It is shown that
the effectiveness of the solar DCS as a still is restricted to 35%. Therefore, its potential can be increased by utilizing an
appropriate solar tracking system and solar panels.

V CONCLUSIONS AND FUTURE SCOPE
The Solar D.C. S is an efficient way to complete the tasks of drying, cooking, and distilling.

The three—-in—one device is a cost-efficient way of drying food grains and fruits. It requires almost half of the time
needed for open air drying to dry the same amount of products. Therefore, it is suggested to use the three—in—one solar
device instead of open sun drying, especially when the quantity of items to be dried is not large.

The three—in—one solar device has the potential to be a great help in areas where drinking water is scarce. When used as
a solar still, it produces water that is totally clean and unadulterated, which can be used for a variety of purposes such as
car batteries and radiators for automobiles, medical needs, and for drinking.

The three—in—one solar device is an efficient way to preserve the nutritional value of food when cooked, but it does take

longer than standard cooking devices. When it comes to energy conservation, this solar device is the superior option to
use over traditional cooking tools.

A three—in—one solar device is within reach of the less well-off families, providing a cost of around Rs. 5000/- without
the need for solar panels. This innovation is a great aid, both in rural and urban areas. Additionally, its affordable price
and DCS assembly make it easy for anyone to venture into harnessing the power of the sun.
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Abstract — An economizer is an apparatus in which waste heat of flue gases is applied for heating the feed water. Usage of
economizer increments boiler efficacy. For each 6°C increment in the temperature of feed water boiler efficacy increases by
1%. By reason of growth in boiler efficacy, must be utilised the economizer as a mounting also overall plant efficacy rises. In
this analysis of economizers, several things for economiser are depicted. In which by using the initial data from the power
plant several analyses are carried out. Those are efficiency of economizer, heat grown by steam, heat loss by flue gases,
effectiveness of economizer by LMTD method, effectiveness of economiser by NTU method. Effectiveness of economizer by
LMTD method is 0.438 and effectiveness of economizer by NTU method is 0.775.

Keywords — Economizer, Boiler, Power plant, LMTD, NTU, Effectiveness, Efficiency, Heat energy

l. INTRODUCTION

Energy nothing but capacity to do the work. Heat energy from boiler is converted to rotational energy at the turbine.
The turbine is attached to the generator on common shaft, where the rotational energy is converted to electrical energy.
The generator works on the principle of electromagnetic induction. The generated voltage at our nearest power plant
figure 1 is 15.75 kV rated for 210 MW.

Fig. 1 Power plant

1.1 Energy transformation
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Fig. 2 Energy Transformation

Thermal power plant is a habitation here the heat energy of fuel is transformed into electrical energy. The principle is
as shown in figure 2.

1.2 Economizer

The economizer is a feed water heater originating hotness from the flue fumes quitted from the boiler. Extreme
element of heat loss in a boiler is hotness passed out by flue fumes up the stack. Less quantity of the hotness being
passed by the flue fumes, perhaps recuperated and directed return into the boilers. In the economiser if the route of feed
liquid is positioned in the passage of flue fumes in amid the going away from the boiler and enter to the stack the
hotness from the flue fume is shifted to the feed liquid. By this the fuel is economized and the same steam rate is
augmented

As a part of this research work, lot of literature survey has done. This survey not only on the economisers but also on
the boilers, power plants and materials which are utilised for economisers. The corresponding literature has been
mentioned below.

Celep et. al (2016) analysed the steam boiler. With the help of outcomes, it exposed that energy redeemable quantity
as natural gas was 21,7248 m®/year. Therefore, smearing of the economizer in a revenue of near 7760 dollar per annum
and a decrease of 2713 tons CO; discharge each annum [1]. Asmaa S Hamouda (2019) had founded that the heat
transmission proportion has been heightened and this thermal energy is transported to H,0 passing in the conduit. Thus,
like that easily understood the augmented heat transmission and upsurge fuel redeemable by 1 %, which provide
supreme boiler efficacy [2]. Aziz et. al (2012) offered a method for enlightening the act of economizer heat archetypal
utilising bond graph and genetic algorithm. The abilities of the projected technique to progress archetypal presentation
are revealed after simulation outcome equivalence to the intended data [3]. S. Park et. al (2018) analysed the cooling-
energy redeemable possessions taking the EA-recirculation and supply-air (SA)-heat circumstances when straight and
unintended air-side economisers were functional to a information located in Korea [4]. Nikola J. Budimir et. al studied
to utilise excess heat from EFG at 165°C and lesser its heat to 120°C earlier send-off to the environment. Attained
thermal power employment is 120 kW, because plant is releasing 209 kg per hour a smaller amount steam in boiler.
Through ECO, complete efficacy of CHP is progressed after presently 74.5% to 78% [5]. Ahmad Mahmoudi Lahijani
and Eris E Supeni (2018) studied the various losses occurred in boiler operation and found the effect of using
economizer to increase the temperature of feed water and thereby improving the efficiency of fire tube steam boiler [6].
Anees U Malik et. al (2018) discussed regarding three different case studies provided various causes for failure of
economizer tubes and their combating techniques [7]. Kamlesh Dewangan et. Al (2017) have reported the CFD analysis
for eradicating the erosion effects on water tube boilers [8]. Marcin Trojan, and Mariusz Granda (2018) have presented
their design and thermal performance analysis of economizer with various fin shapes of different radii using solid works
software [9].

The above literature accomplished a review of numerous investigates. So, the review revealed the importance and
effectiveness of economiser. By installing the economiser, not only increment in the boiler but also increment in the
plant efficiency.

Il. MATERIALS AND METHODS

By analyzing the economizer some important methods were used like LMTD, NTU. By using these methods there is
a scope to evaluate the overall heat transfer coefficient, average heat etc., are calculated. However, there are two types of
economizers, those are plain tube and gilled tube type economizers. This study has focused on the gilled tube type
economizers.
2.1 Gilled tube economizer

A decrease in economizer dimension composed with rise in spread of heat can be attained by moulding quadrangular
grills on the bare pipe walls cast iron grilled tube economiser can be utilised about 50 bar and such economiser are
easily obtainable. At higher pressure (> 50 bar) steel pipes are utilised in its place of cast iron. 80 fins/m were utilised
when dehydrated hard fuels were utilised and 120 fins/m were utilised when oils were utilised. Fin thickness varieties
beginning 0.5mm to 5mm. The economiser used in power plant is gilled bare tube. The arrangement of gilled bare tube
economiser as show in figure 3.
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Fig. 3 Gilled Tube Type Economisers

2.2 Specifications

S.No. Parameter Specification
1. [Type Gilled tube
2. |Over-all heat exterior area 7911 m?
3. |No. of blocks 2 No’s
4. [Size of Economiser 25 md

Table. 1 Specifications of economiser in power plant as per manual

I11. RESULTS AND ANALYSIS

The impartial results and their analysis as mentioned below. The entire analysis was focussed on the gilled tube in
real power plant only.

3.1 Data collection for economiser

Required hot and cold fluid data is collected from the power plant and the same presented below. Where the working
fluid is water and the boiling point for the water is 100°C.
3.1.1 Cold fluid data

Mass of feed water evaporator/kg of fuel (Mw) = 697TPH

Specific heat of feed water (Cpw) = 4.949 ki/kg K

Temp of feed water entering economiser (T1) = 241.9°C

Temperature of feed water leaving economiser (T2) = 304°C
3.1.2 Hot fluid data

Mass of flue gases/kg of fuel (My) = 668TPH

Specific heat of flue gases (Cy) = 1.151 ki/kg K

Temperature of flue gas entering economiser (Tq) = 427.6°C

Temperature of flue gas leaving economiser (Tr,) = 337.3°C

No. of tubes in economiser (n) =2x100

Outer dia of the pipe (Do) = 0.0455m

Length of the pipe (L) = 282.9m
3.2 Calculations and results for economiser

Corresponding calculations based on the standard formulae and theorems [10, 11] and obtained results were
mentioned below.
3.2.1Efficiency of economiser (n)

Economiser efficacy proportion between the growth in temperature of the water and the fall in temperature of the
gases.
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_ MwCpwx(T2-T1) =100
T Mfx<Cpfx(Tfl-Ta) 1)

597 x 4,940 x (304 — 241.9) x 100
1= 7668 x 1.151 x (427.6 — 31)

Efficiency of economiser, n = 70.24%
3.2.2 Heat gained by steam
Steam is a derived supply of energy as it is formed from water by burning of any kind of principal resource of fuel in
a boiler.

Mw=Cpwx(T2-TL)

Heat gained by steam (Qc) = o

@

BT 4040 204 -241.9)
3600

%1000

Qc) =

Heat gained by steam l[Qc):59503.06 kw
3.2.3 Heat lost by flue gases
Flue gas losses are the primary root of heat loss in boilers. They arise when heated gas leaves the boiler through the

stack.
M= Cpfx(TfL-TE) %1000
3600

Heat lost by flue gases (Qn) = 3)

BBEx L15L » (427 6—337.3)x LODD
JE0D

(Qn)=
Heat lost by flue gases (Qn) =19221.7 kW

3.3 Effectiveness

The effectiveness (€) of a heat exchanger is relation of the actual transfer of heat to the utmost probable transfer of
heat. However, in this analysis effectiveness is expressed in the methods of LMTD and NTU.
3.3.1 Effectiveness by LMTD method

The LMTD is a logarithmic mean of the temperature variation amid the warm and cold feedstuffs at every finish of
the double tube exchanger. Usually there are two types of flows. Those are parallel and counter flow, however, this
analysis is focussed on counter flow as shown in figure 4.

Cold r !
T in ‘ fluid 427.6°Cin !
Hot A i
fluid [ = 304°c0ut +---
—g e —— D— :
T —~— | T ok i out 337.3°C
B i
1
1
T 1 10 2419°C
T out i
A B
Fig. 4 Representation of counter flow
DT1-DTo
LMTD = o DL (4)
'ora’
Where,
DT1=Tn-T» (5)

=427.6-304 = 123.6°C
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DTo = sz-Tl (6)

=337.3-241.9=95.4°C

123.6-954

LMTD = —====—=108.89°C

I (Gsa

Avg heat (Q) = M (7)
— Son0a DE-"+L|?!!L 7 =30362.7 KW
Surface area (Ao) = nxmxDoxL (8)

= 2x100xmx0.0445%282.94 = 7911m?

- __ 0
Overall heat transfer coef‘ﬂmegr;'f4 E,(quJ = LD C)]
Up= —— = 0.0456 kW/m°C
TollxllEEg
Heat capacity of hot the fluid (Cy) = —cELxti0t (10)

JE00

_ MfxCptxl00D _ 662 LE= 100D

Ch = 213,571 kKW/°C

JE00 JE00
Heat capacity of cold the fluid (C¢) = wazg% (11)

C= MwxCpwx1000 — B97 x4.949% 1000 = 958.19 KW/°C

TE00 FE00

Effectiveness by LMTD method (¢): = :ffll__:f: 12)
= BTE _ pa43s
427 .6—241.9

By the above calculation by using the predefined data and standard formulae the effectiveness by LMTD method is
0.438, also the over-all heat transfer co-efficient is 0.0456 kW/m°C and logarithmic mean temperature difference is
108.89°C and all the values are tabulated below.

S.No. Parameter Value
i LMTD 108.89°C
ii. Average heat 39362.7 kW
iii. Overall heat transfer coefficient 0.0456 kW/m°C
iv. Effectiveness 0438

Table. 2 Representation of outcomes by LMTD method

3.3.2 Effectiveness by NTU method

The number of transfer units technique is utilised to compute heat transfer rate in heat exchangers mainly counter
flow exchangers. To describe the effectiveness of a heat exchanger, require to calibrate the utmost probable hotness
transmission  which suppositionally obtained in a counter-movement heat exchanger of inestimable
span. The effectiveness is the relation amid the actual heat transmission rate and the utmost probable heat transmission

rate.
UoxAo

Cmin

NTU (N} = (Cn< Co) (13)

_ DoxAp _ 0450x79LL
T ch  z13574

N = 1l.68
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Ratios of heat capacities (R) = % (14)
=222E 222
QEE.1%

Effectiveness by NTU method: NTU(¢) = (15)

[L-R e(-N(1-RI];

[t—e(-reel1—pozal )]
1-0.22 e[ -Legil-nzz2l)
[ J

NTU (¢) = - = 0.775

From the above fair outcomes, effectiveness by NTU method is 0.775 and heat capacities ratio is 0.22. All the values are
tabulated below.

S.No. Parameter Value
i. NTU 1.68

ii. Ratio of heat capacities 0.222
iii. Effectiveness 0.775

Table. 3 Representation of outcomes by NTU method

IV. CONCLUSIONS

Economisers helped to a raise in the temperature of feed water, if 6°C of temperature rise then improve the boiler
efficacy by 1%. Economisers are normally positioned between the last super heater & air pre-heater. At few situations,
small temperature economiser was sited afterwards the air pre-heater such an economiser is named a stack cooler & acts
like small pressure feed liquid heater except that the heating arrangement is the flue gas substitute of steam to bleed
from turbine. By the analysis, the genuine conclusions were mentioned below.

o The Efficiency of economiser is 70.24% so by fitting the economiser in the plant, plant efficacy can be augmented.

e Economiser needs regular maintenance for effective running.

o Heat gained by steam is 59503.06 kW.

o Heat loss by flue gas is 19221.7 kW.

e The phase variation in economiser is not accessible.

¢ By using the economiser heat assortment between several portions of the boiler is decreased, which in decrement of
stresses due to unequal extension.

o Effectiveness of economiser by LMTD method is 0.438.

o Effectiveness of economiser by NTU method is 0.775.

e Evaporative capacity of the boiler is increased.
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Abstract — The patient who suffer from back injury or spinal disfunction spends majority of their time on a stretcher as they
cannot sit with their back straight like any other healthy human. Whenever these patients want to move say within the hospital
area or move from one floor level to another using an elevator, they need a wheelchair in which the disabled person is shifted
from bed or another chair. This is in general uncomfortable both for the disabled person or others helping the person. Also, the
morale of the persons may be affected as they have to depend on others repeatedly. Hence, there is a need to design of a mobile
chair with some amount of automation. In this work a design of a stretcher cum chair, which converts from wheel chair to a
stretcher simply with command from the smart phone is given. This design reduces the dependence of the disabled persons on
others to maximum extent, and instilling confidence in them while they recuperate.

Keywords — Spinal disfunction, Wheel Chair, Stretcher, Automation, Servo Motors, Bluetooth

I. INTRODUCTION

As per the statistics available, in India the number of disabled individuals is increasing year by year due to various types
of accidents. Physically challenged persons due to back or spinal injury need a constant and regular support of a wheel
chair and a stretcher for movement form one location to another, whether it is with in the hospital area or at home. Mobility
aids like wheelchairs or stretchers are useful for affected persons for transportation. As the disabled persons move, two
different items chair and a stretcher are required and to move them support of a single or a greater number of persons is
required making them very dependent on others. This is more demanding if the requirement is in odd hours of time.
Wheelchairs and stretchers are the most commonly used medical equipment for the transportation of such persons or
patients. The chair acts as a seating support and the stretcher is needed to lie down when they wish to sleep. A wheelchair
may be described as a frame with a seat having either three or four wheels at the bottom of the frame to give the desired
mobility. A wheelchair enables a disabled person to give better mobility and make them more independent.

Over the years, the evolution of wheelchairs has rapidly changed from a manual wheelchair to motor powered ones. Despite
these changes happening, the needs of the disabled people are not fully met with. There is, therefore, a critical requirement
to understand the problems faced by the disabled persons and redesign the wheelchairs to satisfy the needs and demands
of the end-users. The desigh must be easy to assemble and has an ease of operation and maintenance. The design must
include a simple mechanism, powered by electric motors preferably battery operated. In this work such a design and
assembly of dual functional wheelchair cum stretcher is given, that would perform both the desired functions. This
equipment provides the benefits of both the wheelchair and stretcher in a single unit. In this design a pair of servo motors
are fixed to rear of the structure and the knee bends of the chair cum bed and a microcontroller is used to operate the chair
cum stretcher using commands sent through the Bluetooth module and a smart phone either to convert the stretcher to
wheelchair or vice versa without another person involvement.

I1. LITERATURE SURVEY

Toshihiro Yukawa et al, 2012 [1] used a design with parallel mechanism and a gas spring that is manually used to convert
a wheel chair into temporary bed and vice versa. While Padmanabhan M et al, [2] and Rashid Ahmed K et al, [3] used
pneumatic cylinders at the hind and knee joints of the stretcher and it is manually operated to convert wheelchair to stretcher
and vice versa. A worm wheel unit is attached the main structure at the bottom and is actuated by an electric DC motor
operated using a push of a button was used by Smitesh Bobde et al [4] in their design. The worm wheel unit is mounted on
a shaft and supported by two end Plummer blocks which will help in transformation. Among the existing wheelchair
convertible stretchers available in the market use different types of actuators. About 30% units are electronic based, 28%
are hydraulic based, 25% are pneumatic based and the rest 17% are mechanical units purely [5]. Various basic theories
related to convertibility of wheelchair into a stretcher are described by Mohit Kumar et al, [6]. In the first option a sliding
tubular frame is attached to the back rest of the wheelchair. A handle at the back rest converts the wheelchair into stretcher,
when the end-user pulls the handle. In another variation a hydraulically operated scissor lifter mechanism is used to adjust
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the height of the stretcher as per the end-user’s convenience. Also, this hydraulic scissor lifter mechanism converts the
wheelchair into stretcher. In next option, a geared mechanism used to rotate the central wheel and the seat and back rest
are tilted to get the stretcher form. Toshihiro Yukawa et al [1] utilized a 24 V, 192 W electric motor to convert a wheelchair
into a temporary bed. A joystick was used to control the velocity. Sumedh J. Suryanshu et al, [7] gave five mechanisms for
conversion of wheelchair into stretcher. The end-user moves to the bed using the leg support pad actuated by a pneumatic
cylinder. In second option, a conveyor mechanism is used to push the person from chair to bed. The chair provided with
guides which revolve the chair by 360 degrees giving more accessibility to the end-user. A movable and extendable board
attached to the seat part of the wheelchair is the third option. This extendable board is used to transfer the person from
wheelchair to the bed. In the fourth option, a mechanism turns the wheelchair backrest so that it lies on the bed surface.
The person can slide over the backrest to the bed. All the three electronically, hydraulically and pneumatically actuated
wheelchair convertible stretchers at present are a more expensive whereas the mechanism-based wheelchair convertible
stretcher is of less cost.

I11. SELECTION OF COMPONENTS

1. Choice of Material and its Perks

Aluminum is used for the basic structure material as evident from Table 1, Aluminum has comparable and sufficient
strength to iron or steel and at the same time its weight is only one third of that for iron or steel. Aluminum extrusions are
strong for structural applications and, by extruding, the strength Aluminum parts is distributed to suit the requirements by
varying wall thicknesses and internal reinforcement in the profile.

Table I: Comparison of properties for carbon steel, aluminum alloy and stainless steel

Property Carbon Steel Aluminum Alloy Stainless Steel
Grade S275 EN AW 6061 T4 EN 1.4401 (316)
Yield Strength in MPa 275 110 220
Young’s Modulus MPa 210*10° 70*103 200*103
% Strain at Fracture 24 12 45
Density Kg/M? 7850 2700 8000
Thermal Expansion K 12*10°6 23.2*10°® 16*10°°
Thermal Conductivity W/m/K 54 250 16

Aluminum extrusions with unique combination of high strength and low weight make them ideal for applications where
high strength is needed with limitations on weight. Aluminum combines strength with flexibility and can flex under loads
or spring back from the shock of impact which makes it ideal material to carry patients and support motors those are needed
to convert wheel chair to stretcher and vice versa.

2. Necessity of Sensors and Actuators

In most of the cases, a multipurpose wheel chair is actuated by either pneumatic or hydraulic power [1]. Both of these
arrangements need more accessories like pressurized cylinders, leak proof supply lines and nuisance due to leakage. While
in case of mechanism-based transformation, it is expensive and has to be manually operated. Needs more and regular
maintenance. Hence, a motor which can be actuated by a suitable battery power and controlled easily is of the choice.

Table I11: Table of components described in Figure 4,5 and 6

Component Units Color Scheme
Micro Controller 1 Dark Blue
Servo Motor 18 Nm 2 Orange
DC-DC converter 2 Purple

Servo Motor 83 Nm 2 Pink

DC to AC Relay Module 1 Yellow
Aluminum Extrusion Rod 9 m long Black and Red
Pivot Joint 4

Caster wheels 4 grey
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LiPo 12V 100Ah battery 1 Green
Board for base 4 Blue

The total transformation procedure is actuated by using two pairs of high torque servo motors preferably two 83 Nm
servos for the hip joint and two 18 Nm servo motor for the knee joint. The selected servo motors have higher torque than
the calculated values, this is done in order to have a factor of safety of 1.2. Here the end-user weight is assumed to be less
than or equal to 70 Kg [8] and of height about 1.6 to 1.65 m. These servo motors are enough to handle a person with his
upper body weight of about 44 Kg and below knee weight of 4.5 Kg. The cumulative center of gravity of the patient plus
the frame is assumed to be at designated joints and is accordingly calculated. 83 Nm servo motors are provided with 220
V DC power supply and a DC to AC converter needs 10V supply. Hence a DC-DC buck converter is used. A micro
controller is used to operate the servos and another microcontroller is used to communicate with the end-user using a
Bluetooth module. A smart phone is the interface between the microcontroller and the end-user. The micro controller
provides Pulses or signals to the Servo motors while the motors draw power from a 12V 100Aah- LiPo Battery. This
arrangement reduces manual interference and obviates the fear of hitting a wrong button by mistake as in case of manual
operation.

I11. DESIGN SPECIFICATIONS

1. Wheel Chair/ Stretcher Dimensions

A line Diagram of wheelchair cum stretcher in chair position with link dimensions is shown in figure 2. And a line
Diagram of wheelchair cum stretcher in stretcher position with link dimensions is shown in figure 3. Both in Figures 2 and
3, red colour lines are used to represent the frame, blue colour lines are used to represent moving links, yellow circles are
used for joints, where servo motors will be attached to the frame and green circle in the diagram denote the caster wheels.

Fig.1. Isometric Line Diagram of wheelchair with link dimensions using AutoCAD
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Fig.2. Isometric Line Diagram of stretcher with link dimensions using AutoCAD

2. Circuit Diamgram

The signal flow in the circuit used to operate the wheelchair cum stretcher is shown in figure 4 and in the circuit diagram
shown, the red lines are used for signal and the black lines are for the voltage flow. Control signals are sent from the micro
controller, Arduino Uno to the actuating servo and all the other elements in the circuit are supplied with suitable voltage.

9V battery
Power supply Sianal
1gna +| 83Nm Servo
Signal I~ Motor
A
Arduino Uno
R4
48V
12.8V
.| bcoc
“| convertor
Y
1ov
12.8V 100Ah | 12.8V DC-DC 4! 18Nm Servo
battery ”1 Convertor “] motor

Fig.3. Schematics representation of electrical and electronic system for actuation.
3. Mechanism
When it is required to convert the wheelchair to stretcher form, a signal from the smart phone via Bluetooth is sent to
the microcontroller that is operating the joints. With the receipt of the signal the right knee joint and left hip joint rotate by
90 degrees, while the left knee joint and right hip joint rotate in reverse direction by 90 degrees. And reverse action takes
place when it is required to convert stretcher to wheel chair position. The knee joint Servo motors are directly connected
to the pivot joint so their actuation is direct and main heavy servos are placed on board below the seat part of the chair. A
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gear and belt drive system are used to transmit the motion from wheel servos to wheels. The gear is the yellow disc at hip
joint in Figure 5.

Fig.4. SolidWorks model of wheelchair in stretcher position alng with position of all the components in it.

Fig.5. SolidWorks model of wheelchair.

IVV. CONCLUSION
Persons with back or spinal injury need a constant and regular support of a wheel chair and a stretcher for movement
form one location to another. The Convertible Wheel Chair Stretcher model is designed taking the kinematics of revolution
as advantage which enables it to transform between a wheel chair and a stretcher making it possible for paralyzed patients
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to either sleep or sit without the need of a third person’s support. As and when required the wheelchair is converted to a
stretcher, by sending a signal from the smart phone via Bluetooth to the microcontroller which is operating the moving
joints. Up on receipt of the signal the right knee joint and left hip joint rotate by 90 degrees from zero position and the left
knee joint and right hip joint rotate in reverse direction by 90 degrees to move to zero position. And reverse action takes
place when it is required to convert stretcher to wheel chair position
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Abstract —: Accidents are made due to overloading, over speeding, wrong direction driving, driving by not qualified persons,
and driving under alcohol influence. Also, incidents of accident occur due to other reasons, including faulty brakes, missing or
neglecting traffic signals and traffic rules, careless driving, and distractions while driving. Among these, alcohol consumption
is most and highly estimated as the reason for car accidents. Accidents damage the vehicles, cause disability and even claim lives.
Alcohol levels in blood affect the nervous system and there by the driver perception and control of vehicle. Regular and period
verifications by authorities like cops for the condition of intoxication of the driver only a corrective action and an absolute safety
action. A reliable device for stopping intoxicated drivers from driving a vehicle is of need right now. An alcohol sensor that
estimates the alcohol content in breath and the deactivate the engine from starting is designed and assembled.

Keywords — Micro controller, Alcohol sensor, Servo motor, LED Display, intoxicated.

l. INTRODUCTION

Driving in inebriated condition is a very dangerous to self and others, as these drivers’ response unforeseen conditions
like emergency situations on road is less and level of control on the driving is poor. As per the surveys conducted on reasons
for road accidents due to motor vehicles, contribution of fatigue in drivers is about 20% and around 31% is the contribution
by drivers inebriated condition. According to the survey by World Health Organization in 2008, 50% to60% of road
accidents, fatal in nature are due to driving under the influence of alcohol or drugs. A device which is simple, accurate and
precise is of necessity and must be made mandatory for all the manufacturers of automobiles to install it near steering to
detect and act immediately in case any driver is in inebriated condition. The installed device is tobe integrated with the
ignition system, such that ignition motor of the automobile gets locked and does not allow the inebriated driver to drive.
Levels of alcohol in blood and concentration of alcohol in breath are directly related and a sensor detects the levels of
alcohol in the breath is main component. The allowable blood alcohol concentration (BAC) is 10 to 40 milligrams (mg)
per deciliter (dL), written as mg/dL. If the levels of alcohol in blood are beyond this limit, the sensor used must detect, and
actuate a relay to stop the engine of the vehicle and locks against starting. However, a sudden response from the device
may lead to accidents, a three-stage system is suggested. In the initial stage, as soon as alcohol level beyond the permissible
level is detected by the device, a wild beep is to be given alerting the driver and surrounding people. In the second stage,
the engine starts retarding supplying fuel at a reduced level in order to further caution the driver and a continuous blinking
of flash lights happen. In the final stage the engine gets locked against starting using with both flashing of lights and wild
beep. The sensor besides detecting the alcohol levels in the breath, it must differentiate the sweat from the driver body and
predicts the alcohol ratio with the blood oxygen content.

P. Ranjana et al [1] developed a system with Global System for Mobile Communications (GSM) and Global Positioning
System (GPS) modules in order to track the location of the vehicle and inform the road transportation authorities about
latitude and longitude of the vehicle in which the inebriated driver involved in the accident. Ugochi A Okengwu et al [2]
used Internet of Things (1oT) to detect the alcohol levels in breath and vehicle speed at any given time.In this work, an
alcohol sensor is used to detect alcohol levels in blood and breathe and speed and direction of the vehicleare regulated
using relay and actuator combination. Kanishka Jose, et al [3] gave a solution to detect alcohol levels in a driver breath
quickly and the system proposed is suitable to any type of vehicle on road. The size of the device was small enough to be
noticed by the driver under surveillance. The car ignition is disabled as and when levels of alcohol are detected as above
the permissible limits. Pranavan S et al [4] also discussed a similar system, where in a transdermal blood alcohol
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concentration sensor attached to the steering wheel detects limits of alcohol in breath, cut-off the fuel supply through a
controller when the alcohol levels are beyond the permissible limits and also transfer the information via a GSM module
to concerned authorities.

Il. METHODOLOGY

The three main objectives of this are: the first objective is sensing the presence of alcohol in breath of the driver. The
second one is cautioning the driver about his non-permissible inebriated condition and making a wild noise to caution
surrounding people and ultimately locking the engine against running is the third objective. The system is built with a mini
controller, a sensor module, a buzzer, a relay and power supply battery. After dumping the code and using data fromthe
breath sensor, the program acts on the car ignition system through the relay. Based on the information from this unit, engine
of the vehicle may gradually decelerate and stop or continue to move. The block diagram showing the arrangement of
components is given in Fig.1.

PoerSupply [P (OC) i Gontrler == Idicatoruni

SWitch

| Relay
Alcohol Detecting Sensor | | Alam

Y
dervo motor (A substtutefor an C Engine

Fg: Block schematics of the crcut

The micro controller board based on the output from the alcohol sensor detects levels of alcohol both indoor and outdoor.
The sensor is characterized by its high sensitivity and fast response time, thus enabling an almost immediatedata
retrieval of the measured gases. The details of the alcohol sensor are shown in figure 2.
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Fig:2 Breath Sensor Schematic Fig:3 Circuit of the alcohol detecting device

I11. WORKING ALGORITHM

Driver starts the vehicle. The sensor is set to zero setting, the normal breath condition, by default. If the driver consumed
alcohol and the levels of alcohol in his breathe above allowable levels, the sensor detects and sends the information to the
controller for necessary action. First a warning in the form of a wild beep is given. With the set time, again a wild beep
and flashing of parking lights start. Finally, along with continuing wild beep, the engine gets locked and fuel supply gets
blocked. The ignition switch is activated only if the alcohol content in the driver breathe is below the permissible limit.

The alcohol sensor continuously monitors the levels of alcohol in the driver's breath and the vehicle is to start and run
till the detected alcohol levels in driver's breathe are within limits with glowing of a green LED in front of the steering
wheel. In the event the alcohol level in the breath exceeds, a red LED starts glowing and the green LED goes off. Even
when the red LED is glowing, if the driver in inebriated condition tries to start the engine, the buzzer blow with high volume
to caution the driver and the surrounding people. In this work to simplify the arrangement, yet demonstrate the functioning
of the device designed and assembled, in place of an IC engine a Servo motor is used. As long as the sensoris active, the
engine of the vehicle remains locked ensuring safety of the driver, passengers and the surrounding persons. The
arrangement of various components in the alcohol detecting device are shown in figure 3. The sensor air capture index
drops post the atmospheric ppm level which when drops to zero vehicle's ignition value will then drop to zero until it is
safe to drive again. The following logic is used to build the code, and the hardware and software used make the system run
smoothly. The logic used for the code is Using the Arduino ide, the digital pin and an analog pin for thesensor are
identified. Also, digital pins for the LED and buzzer are defined. Using the include servo library, the Servo motor
controlling variable is initialized. At the start, the Servo position to set to zero and in the void setup block output and input
pins are initialized. Next, in the void loop block digital and analog values are read. Also, presence alcohol in breath sensed
by the sensor in analog form is used to make decision using decision statement like if. If alcohol is present in breath beyond
a set value, condition becomes TRUE and action pulses are sent by the controller to the red LED and buzzer to turn ON.
And, a signal is sent to the engine, in this case the Servo motor, to stop and get locked. However, ifthe condition is
FALSE under safe levels of alcohol in breath the sensor does not send any information, allowing the green LED to
glow and Servo motor keeps running. A push button is incorporated in the device to start the device and save the battery.
A LED display is used to display the data from sensor.
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When the device was tested using different samples of three alcohol concentrations, the display given by the device
are sober at 100 ppm level, at 292 ppm level mild and at 367 ppm level the display is drunk. The Servo motor stopped only
when the display is drunk. This indicates the levels of the alcohol in breath. The three conditions are shown in figures 4
(a), (b) and (c).

Fig: 4 a. Sober condition Fig: 4 b. Mild condition
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Fig: 4 c. Drunk condition Fig: 5 a. Response with 40 % Alcohol
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Also, to estimate the response time of the device with a simple sensing element, the following tests are made. When
40 % alcohol is used the response is slower and with 100 % alcohol the response is faster. These two results are shown in
figures 5 a and b. The disturbing observation is the device reacts even when sanitizer is used. Hence, drivers must be
cautioned against using sanitors before entering the vehicle. This observation is shown in figure 6.
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Fig: 5 b. Response with 100 % Alcohol
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It is advisable to locate the alcohol sensor at a place very close to the steering wheel, in order to detect the alcohol levels
in the breath of the driver quickly and not influenced by the level’s alcohol in the breath of other occupants in the vehicle.
Arranging this device very close to the driver increases effectiveness of the device and makes it more efficient. Our design
and assembly are compact and it is clearly a rudimentary setup. More features are set for further work.

V. CONCLUSION AND SCOPE:
As driving in inebriated condition is a very dangerous to self and others, it is of necessity to design a device
withbreath analyzing sensors to detect the intoxicated condition of a driver and inactivate the ignition system of
the engine in the vehicle. It is desirable to detect the driver condition alone and not influenced by the condition of
the other passengers.The device designed and assembled is enabled to detect the levels of alcohol in the driver
breathe. The device is tested with two inebriated conditions of 40% and 100 % alcohol levels. Also, test was made
applying sanitizer to hands. The device reacted quickly even when sanitizer is used. Every system has built-in
flaws and limits and even the sensor usedin this system for detecting the levels of alcohol in breath is not devoid
of malfunctions or crashes. However, it is necessary to design the system such that it works well under any
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temperature conditions and regardless of the vehicle glass panes are open or closed. In normal working conditions,
our device was found to be functioning well.
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Abstract — In a joint family system, elderly people wellbeing is taken care of by the younger ones of the family. Where as in the
modern nuclear family system with the availability of a limited number of family members, dependence of aged persons or less
abled persons is more and mostly on the help from these limited number of family members. Further, the kind of support these
ailing persons get is limited with a few and busy family members. If an automated device which is very easy to use is made
available, these ailing or aged persons may carry out their tasks conveniently to some extent at least. Of many daily requirements
like moving them from one location to another, helping in completing the daily chores, take food etc., one such requirement is to
administer medicine of prescribed quantity and at the scheduled time on daily basis. At present an accurate, dependable and
efficient device for such purposes is not available. With regular dependency of such persons on their family members many times
in a day, an automated device with least manual interference is of great use for such persons. In the present work, an automated,
cost effective, reliable and efficient medicine dispensing system especially for syrups is designed and assembled. This prototype
is aimed at dispensing desired, yet varying quantities of syrups, with a delivery accuracy of a few millilitres (ml) as per the
prescription. In this work design of a device, simple and convenient to operate and user friendly with a few simple steps to
operate is presented. Further, this device is operable by a light weight battery.

Keywords — nuclear family, medicine dispense, drug testing, battery

|. INTRODUCTION

In a joint family system in earlier days, where in a group of related people live together under the same roof, aged people
wellbeing is taken care of by the younger ones in the family. In the present modern nuclear family system only a limited
number of family members, ages people who are less abled in one or the other way, have to depend on a few in the family.
This dependency is more when there are ailing persons in the family and the available family members are a few who are
busy with their work schedule. If an automated device is made available for such people, which is easy to use, these people
may carry out certain tasks conveniently, if not all. One such requirement is to dispense a medicine in syrup form of
prescribed quantity and at the proper time without missing the schedule. As such accurate, dependable and efficient devices
for such a purpose are not readily available in the market at present. These persons need to depend on their family members
and it may be a challenge for the family members too. An automated device that can obviate the manual system is of current
requirement as opening the lid of the bottle, pouring in to a measuring flask or cup without spilling and of course not
missing the schedule are the required steps in taking a medicine by aged persons.

For a long period, automated flow control system has been in high demand, largely because of its ability to drive efficiency,
reduce errors in delivery rates, and improve the uncertainties of general flow operations of liquids. Demands like high
production rates and safety concerns have resulted in a need for automated devices, which are replacing the manual devices.
Manual effort is minimised by using these automated devices. Sophisticated machines with advanced technology including
automation are put to use in every wake of like and most of the fields of industry to enhance the output, efficiency and
accuracy. To quote a few, pharmaceutical industries, clinical laboratories, environmental applications, chemical, food and
beverage industries depend on these automated machinery and devices [2]. Preparation of samples for testing in chemical,
food and pharma industries is very critical and highly important. Correct quantity and reliable dispensing of proper volumes
of ingredients before mixing them is essential for the quality of the end products. As in most of the cases a syrup or a
chemical is to be delivered, use of automation to supply fluids of measured quantity is the need of the hour which has to
replace manual methods which inherit errors. The device which serves such a purpose must deliver right quantity of fluid
with a precision up to a few millilitres as decided. This flow control system is required to regulate the flow rate or pressure
or both of liquid of interest.

In the present work, an automated, cost effective, reliable and efficient medicine dispensing system especially for syrups
is designed and assembled. This prototype is aimed at dispensing desired, yet varying quantities of syrups with an accuracy
of a few millilitres (ml) as per the prescription. The designed device is very much useful in house hold applications for
patients and also in different pharma laboratories for dispensing and filling different volumes of fluids during their drug
testing procedures. The aim of the work is to design the device that very convenient to operate and user friendly, with a
few simple steps to operate the device. Also, this device is operated by simple replaceable power source, a light weight
battery. The objective of this automated medicine dispensing device is to enhance the accuracy, efficiency, and safety in
addition to ease of operation.

National Conference on ‘Advanced Trends in Engineering Sciences & Technology-ATEST’ Organised by RK College of Engineering




Rover Publications

United International Journal of Engineering and Sciences (UIJES)
An International Peer-Reviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volume-4, Special Issue-3; ISSN: :2582-5887

This device is designed to address various challenges in medicine management and delivery, including accuracy, patient
safety, adherence to medical schedules, efficiency in maintaining the schedules, controlled access and cost effective.

Il. LITERATURE SURVEY

Based on the unit dose systems in use during 1960 plus years, an automated drug distribution systems (ADDS) was built
for industry in United States of America [2]. Multiple dose drug distribution (MDDD) systems were replaced by ADDS.
With MDDD systems service persons like nurses had to administer a good number of doses of drugs as per prescription in
a day, maintain the schedules in schedule books involving a good amount of paper work, dose preparation and of course
had to have a control of the inventory of the drugs. Whereas MDDD systems enables the nurses with well scheduled, ready
to administer, individually labelled and packed doses. Using MDDD system, errors in administering the medicines, wastage
of medicine due to mishandling, inappropriate use of nursing time were eliminated. Automated drug delivery makes life
very simple and right from the prescription by the physician, then entry of details like hourly dosage details, and
administering the right dosage [3]. The pharmacy automation is lead to automated drug dispatching to dispensing systems
in healthcare units. An automated drug dispensing system [4] must include systems which include computerised order
entry, packaging and sorting of drugs in the pharmacy, delivery of the drugs as per the order by robots and the automatic
generation of customised forms for records. The success or failure of an automated pharmacy system is influenced greatly
by the medication error [5-12] plus the savings and efficiency of nursing. The major issue is obviously the error in
administering the drug of right quantity, quality and as per schedule. Thus both in academics and health care units, the need
of the hour is an automated drug dispensing device. These devices must address the two major aspects, a significant
decrease in drug usage and cost reduction. If a health care unit wishes to reduce the financial burden by reducing the
unproductive man power usage, this may be one of many solutions. An automated drug dispensing significantly reduces
medical errors in addition manual power saving. Number of instructions are less and a quick service system. Easily operable
by even by elderly persons without the interference of others. Use and maintenance of these automated drug delivery
systems are very convenient

I11.PROTOTYPING OF THE SYSTEM

In the present work, a Peristaltic Pump [13] commonly found in domestic applications is used to pump and deliver the
syrup of drug. By restitution the fluid is restored back in to pump by repeated compression and expansion. A peristaltic
pump is operated by an in built motor with two ports and syrup is sucked from one end and delivered through a second
end. A peristaltic pump doesn’t have valves, seals and glands and it is relatively inexpensive to maintain. Also, these can
handle a wide variety of fluids. These pumps have reasonably good resistance to abrasion and permits the easy flow of
viscous media. Thus, a peristaltic pump is very useful for a syrup dispenser device. A peristaltic pump is shown in figure
1.

il
et

Fig.1. Peristaltic Pump

This peristaltic pump is run by an in built motor, with a motor driver circuit board and speed and direction motion are
efficiently controlled. A 5V to 35V battery with a peak current of 2A is the power source. A micro controller is used to
operate the unit. A mini push button is used to start and stop the pumping of syrup and flow of syrup is through two pipes
of suitable length. The flow rate through the pipes is controlled by the micro controller as per the code put in the controller.
The housing for the entire unit houses the microcontroller, battery, pump cum driver and syrup bottle. To build this unit
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one syrup bottle size is used in the design. The Medicine dispensing unit components assembly is very compart as shown
in figure 2.

Fig.2. Medicine Dispensing Unit components

The dispensing unit housing is modelled using Solid works software and 3D printed. All the parts of the assembly
fixed in the housing and circuit connections are made. A code to operate the unit automatically with a simple switch is
uploaded into the controller board and the pump dispenses the syrup as per the set quantity and flow rate. A pipe from the
pump inlet end is inserted in syrup bottle and the second pipe attached to the outlet end of the pump. This outlet pipe
delivers the syrup of prescribed quantity in millilitres into a measuring cup. The flow rate of the syrup from the bottle
into the cup is monitored using communication from controller to a suitable monitor. A light weight 12 V battery is used
to run the motor. The functioning of the unit is tested a good number of times to verify and compare the flow rate and
actual out flow of the syrup. A push button is installed, which actuates and de-actuates the device. An LED and a buzzer
are also included in the circuit to indicate the start and end of the syrup flow from the device. The total volume of the unit
is12 Cm X 6 Cm X 8 Cm. Picture of the assembled unit is shown figure 3. A regular rinsing of the unit is advisable with
warm water. In case of rinsing the syrup bottle is replaced with a container of hot water. Rinsing two or three times after
using one type of syrup is recommended and rinsing is very simple and quick. Tested well for the quality of rinsing too.

;' e R ._*—»—“ m

Fig.3. Medicine Dispensing device
IV. CoSsT ANALYSIS

The cost analysis of the device is given further. The total cost of the device is Rs. 2500/-. The cost of the dosing pump is
Rs. 500/-, cost of the micro controller is Rs. 800/-, cost of the motor drive plus connectors plus battery and battery charger
together is Rs. 400/-. The casing modelling, 3D printing and assembling cost is Rs. 800/-. Syrup cost is not included in the
list. If an adapter is used the cost of the adapter for 12 V power supply is Rs. 500/-. Then the total price will be Rs. 3000/-.
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V.RESULTS

A graph is plotted between time taken by the system to dispense different quantities of fluid. The relation between the
volume delivered and time to deliver is found to be linear almost. This is clearly a suitable performance of the device.

Time(sec) vs Volume(ml)
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V1. CONCLUSION

In a nucleus family set up dependence of aged persons or less abled persons is more and mostly on the help from the limited
number of family members. Also, the kind of support available is limited. An automated unit which is very easy to use is
of great help to such ailing or aged persons in order to carry out some simple tasks like taking syrup at the scheduled time.
An automated, cost effective, yet reliable and efficient medicine dispensing device useful to deliver medical syrups is
designed and assembled. A prototype assembled is tested for the functioning of the device. Using this device, a good
amount of saving in time and better nursing of patients and elderly persons is possible. This device is suitable to dispense
a wide variety of liquids and a good control on flow rate is easily obtained. Easy to maintain. The dosing pump is supported
by a 12 V rechargeable battery or a 12 V adapter. Only with a few parts and all are cost effective the total cost of device is
at bear minimum value of Rs.2500/-. The performance of the device is found to be linear. This is very satisfactory.
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I. INTRODUCTION

The integration of technology into everyday objects has ushered in a new era of innovation, transforming conventional
furniture into intelligent, multifunctional assets. Among these, the smart table stands as a testament to the fusion of design
ingenuity and technological advancement. This journal paper embarks on a detailed exploration into the meticulous
processes involved in the design optimization and fabrication of a smart table, elucidating the intricate steps that converge
to create a seamlessly integrated, high-performance piece of furniture.

The spike in demand for smart, connected products in recent years has spread beyond portable electronics to include
necessities for the home. A classic example is the smart table, which combines technology sophistication, design aesthetics,
and practicality into one modest piece of furniture. Its significance in both home and business situations has increased due
to its capacity to function as a hub of work, entertainment, and connectivity rather than merely a surface for things.

This paper endeavors to unravel the complex tapestry behind the creation of a smart table, focusing on the multifaceted
facets of design optimization and fabrication. At its core lies the intricate dance between form and function, where
ergonomic considerations harmonize with technological integrations to ensure a user-centric experience. The introduction
sets the stage by examining the landscape of smart furniture, contextualizing the significance of a smart table amidst the
evolving needs of contemporary lifestyles.

Moreover, it delineates the primary objectives guiding this research endeavor: to elucidate the design principles and
optimization strategies crucial for crafting an efficient and aesthetically pleasing smart table. It underscores the utilization
of advanced design methodologies, material science innovations, and optimization algorithms to achieve an ideal synthesis
of structural robustness, ergonomic comfort, and technological sophistication.

Beyond a mere examination of the technical aspects, this paper envisions the broader implications of a well-designed smart
table. Its adaptability across diverse settings - from modern homes and collaborative workspaces to educational institutions
- underscores its potential to redefine human interaction with furniture, offering a glimpse into a future where everyday
objects seamlessly integrate intelligence and utility.

The effort all put together serves as a gateway to an in-depth exploration, promising a comprehensive analysis of the
intricate journey involved in the design optimization and fabrication of a smart table, encapsulating the amalgamation of
design finesse and technological innovation.

I1. DESIGN CONSIDERATIONS

Designing a smart table involves a complex interplay of form, function, and technological integration. As one of the central
pieces of furniture in modern living and working spaces, smart tables must not only meet basic usability requirements but
also seamlessly integrate smart technologies to enhance user experience. This section delves into the myriad considerations
that architects, designers, and engineers must navigate when conceptualizing and developing smart tables, exploring how
each decision impacts the final product's aesthetics, ergonomics, and technological capabilities.

1. Aesthetic Considerations

The visual appeal of a smart table plays a crucial role in its acceptance and integration into various environments. Aesthetic
considerations encompass not only the overall design language but also the choice of materials, colors, and finishes.
Traditional materials such as wood and metal offer timeless elegance, while modern alternatives like glass, acrylic, and
composite materials provide opportunities for innovation and customization. The design language should reflect the
intended use and target audience, whether it's a sleek, minimalist aesthetic for contemporary interiors or a more rustic,
organic feel for traditional settings.

2. Ergonomic Design
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Beyond aesthetics, the ergonomic design of a smart table is paramount to ensuring user comfort and usability. Factors such
as table height, surface dimensions, and seating arrangements must be carefully considered to accommodate diverse user
needs and preferences. Adjustable height mechanisms enable users to customize the table to their desired working posture,
promoting ergonomic health and reducing fatigue during prolonged use. Furthermore, considerations such as edge
profiling, surface texture, and weight distribution contribute to a comfortable and user-friendly experience, enhancing
productivity and enjoyment.

3. Functionality and Utility

While aesthetics and ergonomics address the physical aspects of the smart table, functionality and utility focus on its
practical features and capabilities. At its core, a smart table should serve as a versatile platform for various activities, from
work and study to entertainment and socializing. Integrated storage solutions, such as drawers, shelves, and compartments,
help organize clutter and optimize space utilization. Cable management systems ensure a tidy workspace, minimizing
distractions and improving aesthetics. Additionally, modular or convertible designs enable the table to adapt to changing
needs and spatial constraints, maximizing flexibility and utility.

4, Technological Integration

Central to the concept of a smart table is its integration of intelligent technologies that enhance its functionality and
connectivity. Sensors embedded within the table surface monitor environmental variables such as temperature, humidity,
and ambient light, enabling adaptive behavior and responsive feedback. Actuators, such as motors and solenoids, facilitate
dynamic adjustments to table height, tilt angle, or surface orientation, enhancing user comfort and interaction. Moreover,
communication modules, such as Wi-Fi, Bluetooth, and NFC, enable seamless connectivity with other smart devices and
I0T ecosystems, expanding the table's capabilities and interoperability.

5. User Interface Design

The user interface serves as the primary point of interaction between the user and the smart table, influencing the overall
user experience and satisfaction. Intuitive and user-friendly interfaces are essential to minimizing friction and maximizing
usability. Touch-sensitive surfaces, gesture recognition, and voice commands offer intuitive input methods that cater to
diverse user preferences and abilities. Furthermore, visual feedback mechanisms, such as LED indicators or graphical
displays, provide real-time feedback and status updates, enhancing user engagement and interaction. Customizable
interface layouts and personalization options empower users to tailor the table's functionality to their specific needs and
preferences, fostering a sense of ownership and affinity.

6. Environmental Considerations

In an increasingly environmentally conscious society, the environmental impact of product design and manufacturing
cannot be overlooked. Sustainable materials sourcing, manufacturing processes, and end-of-life disposal strategies are
integral to minimizing the ecological footprint of smart tables. Recycled and renewable materials offer environmentally
friendly alternatives to traditional resources, reducing resource depletion and greenhouse gas emissions. Energy-efficient
components and power management systems optimize energy consumption, prolonging battery life and reducing
operational costs. Additionally, design for disassembly and recyclability enables easy refurbishment and material recovery
at the end of the table's lifecycle, closing the loop and promoting circular economy principles.

7. Cultural and Societal Context

Design considerations extend beyond purely functional and technological aspects to encompass broader cultural and
societal factors that influence user acceptance and adoption. Cultural preferences, social norms, and aesthetic trends vary
across regions and demographics, shaping the design language and features of smart tables to resonate with local
sensibilities and preferences. Moreover, considerations such as accessibility, inclusivity, and universal design principles
ensure that smart tables are accessible to users of all ages, abilities, and backgrounds, fostering inclusivity and social equity.
In conclusion, the design considerations in the creation of smart tables encompass a diverse array of factors spanning
aesthetics, ergonomics, functionality, technological integration, environmental sustainability, and cultural context. By
carefully balancing these considerations, designers and engineers can create smart tables that not only meet the functional
requirements of modern living and working spaces but also enhance user experience, promote sustainability, and resonate
with diverse cultural sensibilities. As smart tables continue to evolve and proliferate, thoughtful and holistic design
approaches will be essential to unlocking their full potential and realizing their promise as indispensable pieces of furniture
in the digital age.

111. OPTIMIZATION TECHNIQUES

Optimization lies at the heart of creating smart tables that not only meet but exceed user expectations in terms of
performance, efficiency, and functionality. In this section, we delve deep into the various optimization techniques
employed in the design, development, and deployment of smart tables.

1. Energy Efficiency Optimization:

National Conference on ‘Advanced Trends in Engineering Sciences & Technology-ATEST’ Organised by RK College of Engineering




Rover Publications
United International Journal of Engineering and Sciences (UIJES)
An International Peer-Reviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volume-4, Special Issue-3; ISSN: :2582-5887

Energy efficiency is a crucial aspect of smart table design, as it directly impacts both user experience and environmental
sustainability. Optimizing energy consumption involves a multi-faceted approach, including hardware design, software
optimization, and user behavior analysis.

Hardware Design: Incorporating energy-efficient components such as low-power microcontrollers, LED lighting systems,
and power-efficient sensors can significantly reduce the overall power consumption of smart tables. Additionally, advanced
power management circuits and sleep modes ensure that energy is conserved when the table is not in use or in standby
mode.

Software Optimization: Optimizing software algorithms for data processing, communication, and control is essential for
minimizing energy consumption. Techniques such as duty cycling, where sensors and actuators are activated periodically
rather than continuously, help reduce power usage without sacrificing functionality. Furthermore, optimizing code for
efficient resource utilization and implementing power-aware scheduling algorithms can further enhance energy efficiency.
User Behavior Analysis: Understanding user behavior patterns can provide valuable insights for energy optimization. By
analyzing usage patterns, idle times, and user preferences, smart tables can adapt their energy consumption dynamically to
meet user needs. For example, automatically dimming the table's lighting when ambient light levels are sufficient or
entering low-power mode during extended periods of inactivity can significantly extend battery life and reduce overall
energy consumption.

2. Performance Optimization:

Performance optimization focuses on improving the speed, responsiveness, and overall user experience of smart tables.
This involves optimizing both hardware and software components to ensure smooth operation and minimal latency.
Hardware Optimization: Selecting high-performance components such as fast processors, ample memory, and high-speed
communication interfaces is essential for achieving optimal performance. Additionally, optimizing hardware layout and
interconnectivity to minimize signal propagation delays and maximize data throughput can further enhance performance.
Software Optimization: Optimizing software algorithms and data processing pipelines is crucial for achieving real-time
responsiveness and smooth operation. Techniques such as parallelization, pipelining, and algorithmic optimizations can
help reduce latency and improve overall system performance. Furthermore, optimizing user interfaces for responsiveness
and fluidity enhances the perceived performance of smart tables, making interactions more intuitive and engaging.

3. User Experience Optimization:

User experience optimization focuses on enhancing the usability, intuitiveness, and overall satisfaction of interacting with
smart tables. This involves designing intuitive user interfaces, optimizing interaction workflows, and personalizing the user
experience to meet individual preferences.

Intuitive User Interfaces: Designing intuitive user interfaces is essential for ensuring that users can easily understand and
interact with smart tables. This involves simplifying complex tasks, providing clear feedback, and minimizing cognitive
load. Techniques such as user-centered design, iterative testing, and feedback mechanisms help ensure that the user
interface is intuitive and easy to use.

Interaction Workflow Optimization: Optimizing interaction workflows involves streamlining common tasks and
minimizing friction points in the user experience. This may include reducing the number of steps required to perform a
task, providing shortcuts and context-sensitive options, and anticipating user needs based on previous interactions. By
optimizing interaction workflows, smart tables can enhance productivity and user satisfaction.

Personalization and Adaptation: Personalizing the user experience based on individual preferences and usage patterns is
key to maximizing user satisfaction. This may involve customizing interface layouts, adjusting settings automatically based
on user behavior, and providing personalized recommendations and shortcuts. By adapting to user preferences and habits,
smart tables can create a tailored user experience that feels intuitive and natural.

4. Connectivity Optimization:

Connectivity optimization focuses on ensuring seamless integration and communication between smart tables and other
devices and systems. This involves optimizing wireless communication protocols, minimizing latency, and ensuring
compatibility with existing standards and ecosystems.

Wireless Communication Optimization: Optimizing wireless communication protocols such as Wi-Fi, Bluetooth, and
Zigbee is essential for achieving reliable and low-latency connectivity. This may involve optimizing signal strength,
minimizing interference, and implementing error correction mechanisms to ensure robust communication in diverse
environments.

Latency Optimization: Minimizing latency is crucial for ensuring responsive interactions and real-time feedback. This
involves optimizing data transmission rates, reducing packet processing times, and prioritizing critical data packets to
minimize latency-sensitive tasks such as touch input and sensor readings.

Compatibility and Interoperability: Ensuring compatibility with existing standards and ecosystems is essential for seamless
integration with other devices and systems. This involves adhering to industry standards, supporting common
communication protocols, and providing interoperability with popular smart home platforms and ecosystems. By
optimizing compatibility, smart tables can seamlessly integrate with existing infrastructures and enhance their utility and
versatility.
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5. Adaptability and Customization:

Adaptability and customization are essential aspects of smart table optimization, allowing users to tailor the table's
functionality and behavior to meet their specific needs and preferences. This involves providing flexible configuration
options, supporting third-party integrations, and enabling user customization through software and hardware extensions.
Flexible Configuration Options: Providing flexible configuration options allows users to customize the table's behavior
and features to suit their preferences. This may include adjustable settings for lighting, sound, and other parameters, as
well as support for user-defined presets and profiles.

Third-Party Integrations: Supporting third-party integrations enables users to extend the functionality of smart tables by
connecting them to external devices and services. This may involve integrating with popular smart home platforms, loT
ecosystems, and third-party apps and services to access a wider range of features and functionalities.

User Customization: Enabling user customization through software and hardware extensions allows users to personalize
their smart tables according to their unique needs and preferences. This may include support for custom software plugins,
modular hardware components, and open APIs for developers to extend and enhance the table's functionality.

6. Scalability and Maintenance:

Scalability and maintenance optimization focuses on ensuring that smart tables can scale to accommodate varying user
needs and remain reliable and maintainable over time. This involves designing modular and upgradable components,
implementing remote monitoring and maintenance capabilities, and providing timely software updates and security
patches.

Modular Design: Designing smart tables with modular and upgradable components allows users to easily expand and
upgrade their tables as their needs evolve. This may include modular sensor modules, interchangeable panels, and
expandable storage options to accommodate future upgrades and enhancements.

Remote Monitoring and Maintenance: Implementing remote monitoring and maintenance capabilities enables proactive
monitoring of smart tables' performance and health status. This may include remote diagnostics, firmware updates, and
troubleshooting tools to address issues remotely and minimize downtime.

Timely Software Updates and Security Patches: Providing timely software updates and security patches is essential for
ensuring the long-term reliability and security of smart tables. This may involve implementing automated update
mechanisms, regular security audits, and vulnerability assessments to identify and address potential threats and
vulnerabilities.

Optimization is a continuous and iterative process that lies at the heart of creating smart tables that deliver exceptional
performance, efficiency, and user experience. By employing a multi-faceted approach encompassing energy efficiency,
performance, user experience, connectivity, adaptability, and scalability, designers and engineers can create smart tables
that exceed user expectations and redefine the possibilities of connected furniture. As technology continues to evolve and
new advancements emerge, the future of smart tables shines bright with promise and potential

IV. FABRICATION PROCESS

The fabrication process of smart tables is a meticulous journey that transforms conceptual designs into tangible, functional
pieces of furniture. It encompasses a myriad of techniques, technologies, and craftsmanship to achieve the desired form,
functionality, and aesthetics. This section explores the intricacies of fabricating smart tables, from material selection to
final assembly, highlighting the critical steps and considerations involved in bringing these innovative creations to life.

1. Material Selection:

The journey of fabricating a smart table begins with the careful selection of materials. Each material choice brings its
unique properties, influencing the table's aesthetics, durability, and functionality. Traditional materials such as wood, metal,
and glass offer timeless appeal and structural integrity, while modern composites and polymers provide versatility and
customization options.

Wood remains a popular choice for its natural warmth, versatility, and ease of customization. Hardwoods like oak, maple,
and walnut are prized for their durability and aesthetics, lending a sense of luxury to smart table designs. Softwoods like
pine and cedar offer affordability and workability, making them ideal for prototyping and experimentation.

Metallic materials such as steel, aluminum, and brass are valued for their strength, stability, and sleek modern aesthetic.
These materials are often used for structural components, legs, and accents, adding visual interest and contrast to the table's
design. Glass, with its transparency and reflective properties, is favored for tabletops, providing a sophisticated and
contemporary look.

In recent years, advanced composites and polymers have emerged as viable alternatives, offering lightweight, durable, and
eco-friendly solutions. Materials like carbon fiber, fiberglass, and acrylics enable designers to push the boundaries of
creativity, incorporating intricate shapes, textures, and finishes into their designs.

2. Design Refinement and Prototyping:

Once the materials are selected, the design undergoes further refinement and prototyping to ensure feasibility and
functionality. Computer-aided design (CAD) software allows designers to iterate quickly, exploring different
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configurations, dimensions, and features. Virtual simulations and renderings provide valuable insights into the table's
structural integrity, ergonomics, and aesthetics.

Prototyping plays a crucial role in the fabrication process, allowing designers to test their concepts in the real world and
identify potential issues early on. Rapid prototyping technologies such as 3D printing, CNC machining, and laser cutting
enable designers to create physical prototypes with precision and speed. These prototypes serve as tangible representations
of the final product, facilitating hands-on testing, feedback, and refinement.

During the prototyping phase, designers evaluate various aspects of the table's design, including assembly methods,
material compatibility, and user interaction. Iterative testing and refinement help optimize the table's performance,
durability, and user experience, ensuring that the final product meets the highest standards of quality and craftsmanship.
3. Precision Manufacturing:

With the design finalized and prototyped, the fabrication process moves into full-scale production. Precision manufacturing
techniques are employed to create the individual components of the smart table with accuracy and consistency. Advanced
machinery and skilled craftsmanship converge to bring the designer's vision to life, with meticulous attention to detail at
every step of the process.

CNC (Computer Numerical Control) machining plays a central role in manufacturing complex components with precision
and repeatability. CNC routers, mills, and lathes carve out intricate shapes and profiles from raw materials, ensuring tight
tolerances and smooth finishes. Automated processes streamline production, minimizing waste and maximizing efficiency.
Laser cutting and engraving are utilized to create custom panels, inlays, and accents from a variety of materials. High-
powered lasers precisely cut through materials like wood, acrylic, and metal, while engraving adds decorative patterns,
logos, or text to enhance the table's aesthetics. Laser technology offers unparalleled flexibility and versatility, enabling
designers to incorporate intricate details and personalization into their designs.

Injection molding is employed to produce plastic components and accessories with high volume and consistency. Molten
thermoplastics are injected into molds under high pressure, forming precise shapes and contours with minimal waste.
Injection molding is ideal for mass production of small to medium-sized parts, offering cost-effective solutions for
components like buttons, connectors, and cable management systems.

4. Surface Finishing and Treatment:

Once the individual components are manufactured, they undergo surface finishing and treatment to enhance their
appearance, durability, and performance. Surface preparation involves sanding, polishing, and deburring to remove
imperfections and achieve a smooth, uniform finish. Different finishing techniques are employed depending on the material
and desired aesthetic, ranging from matte to glossy, textured to reflective.

Wood components may be treated with stains, varnishes, or sealants to enhance their natural beauty and protect against
moisture, scratches, and UV damage. Finishing oils penetrate the wood fibers, enriching the color and grain while providing
a protective barrier against environmental factors. Polyurethane and epoxy coatings offer durable, long-lasting protection,
suitable for high-traffic areas and outdoor use.

Metal components undergo various surface treatments to enhance their appearance and corrosion resistance. Polishing and
buffing create a mirror-like finish, while anodizing and electroplating add color and protective coatings. Powder coating
provides a durable, scratch-resistant finish in a wide range of colors and textures, ideal for both indoor and outdoor
applications.

Glass tabletops are tempered for strength and safety, undergoing a heating and cooling process to increase their impact
resistance and thermal stability. Tempered glass is less prone to breakage and shattering, making it suitable for high-traffic
areas and public spaces. Additional treatments such as sandblasting or etching can be applied to create custom designs,
patterns, or frosted effects.

5. Assembly and Integration:

With all the components fabricated and finished, the smart table is ready for final assembly and integration. Skilled
craftsmen meticulously assemble the various parts, following detailed assembly instructions and quality standards.
Precision is paramount, with tight tolerances and seamless joints ensuring structural integrity and stability.

Electronics and smart technology components are integrated into the table's design, including sensors, actuators,
microcontrollers, and connectivity modules. Wiring harnesses and cable management systems organize and conceal the
electrical connections, ensuring a clean and clutter-free appearance. Power sources such as batteries or AC adapters are
installed, providing the necessary energy to power the table's smart features and functions.

During assembly, rigorous testing and quality control measures are implemented to ensure that the table meets the highest
standards of performance and reliability. Functional tests verify the operation of smart features such as touch-sensitive
controls, wireless charging, and 10T connectivity. Quality inspections identify any defects or discrepancies, allowing for
timely corrections and adjustments.

6. Packaging and Shipping:

Once assembled and tested, the smart table is carefully packaged and prepared for shipping to its final destination.
Protective packaging materials such as foam inserts, bubble wrap, and corrugated cardboard boxes safeguard the table
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against damage during transit. Custom packaging solutions may be designed to accommodate the table's size, shape, and
weight, ensuring safe and secure transportation.

Shipping logistics are coordinated to ensure timely delivery and tracking of the table to its intended recipient. Depending
on the size and destination, various shipping methods may be utilized, including ground transportation, air freight, or ocean
shipping. International shipments require compliance with customs regulations and documentation, adding an additional
layer of complexity to the shipping process.

7. Installation and Setup:

Upon arrival, the smart table is installed and set up in its designated location, whether it be a residential, commercial, or
institutional environment. Professional

V. RESULT AND DISCUSSIONS

The smart table was successfully designed, optimized, developed, and fabricated according to the outlined specifications.
The table's design features integrated wireless charging, LED lighting, digital display, alarm system and automatic height
adjustments enhancing its functionality and user experience. The optimization process resulted in a refined design that
balanced performance, efficiency, and durability.

During development, electronic components, sensors, and connectivity modules were integrated into the table. The space
was efficiently utilized, and power consumption was optimized to ensure seamless functionality. Prototyping and testing
confirmed the design's validity and functionality, meeting the project's objectives.

The successful development of the smart table highlights the potential of integrating technology into furniture to enhance
user experience. The table's design and features were carefully considered to ensure practicality and usability. The
optimization process played a crucial role in refining the design for optimal performance and efficiency.

Fig.1. Smart Design

VI. CONCLUSION

In conclusion, the journey of designing, optimizing, and fabricating the smart table has culminated in a remarkable
achievement aligned with standard specifications. By meticulously adhering to design principles and incorporating
essential accessories such as speakers, HDMI, VGA, and charging ports, the smart table emerges as a versatile centerpiece
of modern living and workspaces. Its seamless integration of technology not only enhances functionality but also elevates
user experience to unprecedented levels of convenience and connectivity.

As we reflect on this endeavor, it becomes evident that the collaborative efforts of designers, engineers, and craftsmen have
yielded a product that transcends mere furniture—it embodies the ethos of innovation and progress. With its intelligent
features and intuitive design, the smart table stands poised to revolutionize the way we interact with our surroundings,
fostering productivity, collaboration, and creativity in diverse settings.

Looking ahead, the future of smart tables holds immense potential for further refinement and advancement. As technology
continues to evolve, so too will the capabilities and possibilities of these intelligent pieces of furniture. By staying abreast
of emerging trends and user needs, we can ensure that smart tables remain at the forefront of innovation, empowering
individuals and communities to thrive in an increasingly interconnected world.

In essence, the design, optimization, and fabrication of the smart table serve as a testament to human ingenuity and the
relentless pursuit of excellence. As we celebrate this achievement, let us also embrace the endless opportunities that lie
ahead, knowing that the journey towards smarter, more connected living has only just begun.

National Conference on ‘Advanced Trends in Engineering Sciences & Technology-ATEST’ Organised by RK College of Engineering




Rover Publications
United International Journal of Engineering and Sciences (UIJES)
An International Peer-Reviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volume-4, Special Issue-3; ISSN: :2582-5887

REFERENCES

[1] Roukoz El Murr, Doha Ghazali, Ali Hajj Sleiman, and Georges Saab — “SMART TABLE” in — CCE 497XM/CCE 497X: Senior
Design Proposal - Jan, 2018.

[2] Remon Das, Mohammad Rajib Uddin, Md. Maruful Islam, Humayun Rashid, and Mohammad Sijanur Rahaman Robin -“A New
Approach of the Portable Smart Table for Interactive Classroom” in - International Journal of Computer Supported Collaborative
Learning, vol. 6 - Mar 2017.

[3] Marina Caballer — “DESIGN OF AN ADJUSTABLE TABLE” in — Industrial design - Sept, 2016.

[4] Aryal A, Becerik-Gerber B, Anselmo F, Roll SC and Lucas - “Smart Desks to Promote Comfort, Health, and Productivity in Offices:
A Vision for Future Workplaces. Front” in - Built Environment, vol 6 — June 2019.

National Conference on ‘Advanced Trends in Engineering Sciences & Technology-ATEST’ Organised by RK College of Engineering




Rover Publications

United International Journal of Engineering and Sciences (UIJES)
An International Peer-Reviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volume-4, Special Issue-3; ISSN: :2582-5887

Smart Walking Stick for Visually Impaired Persons

Sahil Sharmal, Atharav Naik™, Tarun Yelnef, Abhijeet Dhavale, Y V D Raol
Department of Mechanical Engineering
Birla Institute of Technological Sciences Pilani
Hyderabad, India
h20230098 @hyderabad.bits-pilani.ac.in[1], h20230102@hyderabad.bits-pilani.ac.in[2],
h20230103@hyderabad.bits-pilani.ac.in[3], h20230106 @hyderabad.bits-pilani.ac.in, [4]
yvdrao@hyderabad.bits-pilani.ac.in[5]
DOI:10.53414/UIJES:2024.43.51

Abstract — The common disability among different age groups of peoples across different countries in the globe is blindness,
either totally or partially. As per the statistics provided by World Health Organization (WHO), worldwide about 285 million
people are affected by this blindness. 246 million people of both the genders are totally blind and about 39 million people are
partially blind. Either partially or totally impaired visually, these persons under go great difficulty in daily life and their woes
are more if there is an obstacle in their path of movement. A walking stick for such persons is of great help for such persons. In
this work assembly and testing of a smart walking stick for visually impaired persons is done. This device identifies the
obstacles and hindrances in the path of the people’s low or zero in eyesight. This stick is a low-cost unit and effectively helps in
having an artificial vision for visually impaired persons. It also provides a navigational information about the environment
static or moving by identifying the environment and estimating the distance of the obstacles or hindrances around them. A
series of beep sounds caution the blind persons about these obstacles and hindrances.

Keywords — Blindness, Walking stick, Artificial vision, Radio frequency transmitter, Global System for Mobile
Communications.

l. INTRODUCTION

Important organ for any human being is an Eye and good visibility in both the eyes of a person is the primary
requirement as interpreting any visual information and transferring it to the brain is essential. Eyes receive, process and
provide people with 83% of the information about the environment and play an important role in human life. Blindness is
identified as a condition of losing the ability to see light and blind persons have with poor or no eyesight rely on other
senses like touch and hear to compensate this disability. Based on the information provided by World Health
Organization (WHO), approximately 285 million people worldwide are affected by this blindness, either partially or
totally impaired visually. 246 million people of both the genders are totally blind and about 39 million people are
partially blind [1]. A blind person needs to overcome obstacles like steps, objects or water spilled, a wall etc. A person
who is visually impaired is either entirely or partially blind. Various types of difficulties are faced by the visually
challenged persons while navigating and their movement is limited making them depend on their family members for
mobility.

A walking stick for blind persons is of great help and assembly and testing of a smart walking stick for visually
impaired persons is done in this work. A smart walking stick purpose is to identify the obstacles like steps, walls etc. and
hindrances like water on floor, shallow surfaces in the path of the people’s low or zero in eyesight. This stick is a low-
cost unit and effectively helps in having an artificial vision for visually impaired persons. This design of a portable stick
includes various sensors like ultrasonic, light, and water sensors suitable for navigation in open or public places. The
sensors included in the built of this smart stick are useful in detecting obstructions and water in the path of navigation.
The sensors and other circuitry elements used in the assembly of this smart stick are cost affective, resulting in a low-cost
device and easily affordable by millions of blind individuals around the world.

Il. LITERATURE REVIEW

In their work on smart walking stick for visually impaired Shravan Mohite et al [1], came up with a device that
supports the blind people in identifying the surroundings and detect hazards and obstacles while walking. This device
functions as an artificial vision and alarm system. With this device, blind persons can identify unfamiliar locations with
the help of Global Positioning System (GPS) navigation enabled in the device. Details of smart walking stick, an
electronic aid to identify obstructions in the path was given Mohammad Hazzaz Mahmud et al [2]. Different sensors like,
ping sonar sensor, proximity sensor, wet detector, and tiny pager motor are used for simple and safe movement of the
visually impaired persons. In the design of the smart walking stick designed by Apurv Shaha et al [3], global positioning
system (GPS) integrated with a smartphone useful to detect obstacles and provide real time location tracking is
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incorporated. The design results in high power-saving in addition to precise guidance and navigation. In their design of
compact smart walking stick for visually challenged persons, Odong Sam et al [4] used ultrasonic and water sensors to
identify obstacles and water in their path of navigation. As and when this smart stick is misplaced or stolen, the radio
frequency transmitter incorporated in the stick design sets off an alarm with a wild beep. In their work Premarajan Akhil
et al [5], gave the design of the smart walking stick with an ultrasonic sensor, GPS, and Global System for Mobile
Communications (GSM), to identify impediments, locate the shortest and safe path to the destination, and trigger alarm
in case of emergency using a vibrator and a speaker on the walking stick. This design is suitable for both indoor and
outdoor conditions. In their work of an intelligent stick for walking, Shalini Singh et al [6] gave details of design which
are useful for both elderly and blind persons in navigating and keeping a track of their health condition. Different types
of sensors used in the design are useful in locating shallow pits, obstacles, water pools in the path, and record body
temperature and pulse rate of the person holding the stick. A message is sent to caution others in case of emergency.
Additional feature to be included is monitoring diabetic level and blood pressure while moving. In the design of smart
blind walking stick for visually challenged people, Nilima Sahoo et al, [7] described the design features which include
ultrasonic sensor, water level sensor, vibrator, buzzer, and a GPS module to enhance the functional features of the stick.
As suggested by these authors, one of the points for future scope is employing a neural network learning algorithm to
anticipate potentially dangerous circumstances for blind or aged persons. In our work a similar stick with all low-cost
sensors with maximum features like locating obstacles, pits, walls and water in their path of navigation needed for a
smart walking stick is explained and the same is assembled and tested for functionalities.

111. COMPONENT DETAILS

A stick available in market and useful for both aged persons and blind people is provided with ultrasonic sensor for
estimating the obstacle distance as per pre decided value and in two directions like in the front and sides of the person
using the stick. A water sensor used is useful for detecting presence of water on the floor of movement and the level of
water and sudden rain fall. A light detecting sensor, viz., a light dependent resistor (LDR) is used in the design to detect
light intensity and caution with a beep if the light intensity is very less leading to darkness or very poor visibility as the
blind person or aged person may collide with other persons due to poor visibility conditions in navigating path. The high
resistance offered by these LDRs vary with variations in light intensity and are inexpensive, simple in construction and
easy to use. A voltage regulator is used in the circuitry to ensure a constant output voltage independent of certain
fluctuations in the input voltage. A buzzer used in the circuit gets activated and emits a continuous beep for each of the
variations in the environment. An infrared (IR) sensor also used in the stick assembly to detect proximity of a person. IR
sensor is a radiation sensitive optoelectronic component with a sensitivity range of 780 nm to 50 um. IR sensors are
useful in motion detection. Two light emitting diodes (LEDs) are used to glow in different colors to caution the persons
around, though these are not directly useful for the person holding the stick. These LEDs require very low voltage and
consume very less power. Power source for the passive elements in the circuit is a battery of suitable voltage and
compact in size. A micro controller is used to dump the instructions to activate various sensors and enable active and
continuous interaction with environment. Arrangement of various components in the smart walking stick is shown in
figure 1.

» LED
» Switch

» Arduino Casing

—» Ultra Senic Sensor

» Buzzer
ﬁ - IR Semsor
» Water Sensor
oo
SWITH
Fig.1. Smart Stick Assembly Fig.2. Block diagram of Smart Stick circuit
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IV. IMPLEMENTATION

The smart walking stick is an integration of IR sensors, ultrasonic sensors, LDR sensors, and a water sensor and a
buzzer along with a microcontroller. The IR sensor array is strategically positioned to detect obstacles in close proximity
to the walking stick. It employs infrared rays to measure the distance between the stick position and an obstacle. The
ultrasonic sensor using sound waves estimates the distance between obstacles and stick and range of detection is better
compared to an IR sensor. LDR employed gauges the ambient light levels and this information is crucial for providing
feedback on changes in lighting conditions. The water sensor is incorporated to detect water body or spilled water in
order to alert the user about potential wet or slippery surface ahead. As and when obstacle is found in the path, variations
in surrounding light intensities or/and a slippery surface is/are identified, the buzzer is activated and loud buzzer sound is
given. Distinct tones of buzzer are used to alert in specific cases like an obstacle, variations in surrounding light
intensities or presence of slippery surface. Block diagram of Smart Stick circuit is shown in figure 2. The assembled
smart walking stick was test blind folded by a group of persons and with different variations in the environment like
obstacle, steps, light intensities and slippery surface. The response of all the sensors is found to be good and very
satisfactory. The future scope of work is to use a simple chip in place of all these components like sensors, controllers
etc. Work is in progress in that direction.

V. RESULTS AND CONCLUSIONS

When tested the stick functioned well by identifying obstacles around the sensors and the buzzer is triggered accordingly
and glowing of LED happened which is useful for cautioning other people around. The stick when put to use could easily
identify obstacles whatever is the obstacle like a book or a box or a wall or a door. When tested near steps, the stick could
identify the variation in height of the floor, indicating a presence of steps giving a different type of beep. Stick
performance is found to be satisfactory. The design is compact and safe for the user. However, the functioning at present
is affected by the battery life as it is the weak part of the stick and we are further working on improving its performance.
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Abstract — This study presents an innovative approach to biogas generation using kitchen and domestic waste. Integrated
embedded systems, including microcontroller boards and sensors, monitor key parameters such as temperature, humidity, and
gas production levels. The system enables real-time monitoring and optimization of biogas production via PC or laptop interface.
Implemented Arduino code facilitates seamless communication between embedded systems and monitoring devices. This project
offers a sustainable solution for converting organic waste into renewable energy, contributing to environmental preservation
and energy sustainability.

Keywords — Bio-gas generation, Embedded systems, Sensors, Arduino code, Real-time data analysis, Sustainability, Energy
efficiency.

l. INTRODUCTION

In response to escalating concerns regarding climate change and the depletion of conventional energy sources, there's a
mounting urgency to explore sustainable alternatives. Among these, biogas stands out as a promising renewable energy
option, particularly when derived from organic waste materials like kitchen and domestic refuse. Biogas production not
only offers a renewable energy source but also addresses waste management challenges, making it a compelling area for
investigation.

This study focuses on the development and deployment of a biogas generation system driven by integrated embedded
systems. These systems, comprising microcontroller boards and a suite of sensors, form the foundational framework for
the biogas production process. By harnessing real-time data acquisition and analysis capabilities, these embedded systems
enable precise monitoring and regulation of crucial parameters such as temperature, humidity, and gas composition,
essential for optimizing biogas yield.

Through the strategic integration of microcontroller boards and sensors, this research seeks to evaluate the technical
feasibility and operational efficiency of biogas production from kitchen and domestic waste. The implementation of
embedded systems not only facilitates granular control over the biogas production process but also lays the groundwork
for future enhancements and automation. By advancing our understanding of sustainable energy solutions, this study
contributes to the ongoing discourse on renewable energy technologies and offers valuable insights into the practical
utilization of organic waste for energy production.

Il. LITERATURE REVIEW

The literature on biogas production from organic waste offers critical insights into anaerobic digestion processes.
Researchers have extensively studied the feasibility and effectiveness of biogas generation from diverse feedstocks. This
section presents a concise overview of key findings and trends in existing research, setting the stage for a detailed review
of biogas production systems.

1. Sustainability:

The quest for sustainable energy solutions has become increasingly imperative in recent years, driven by growing
environmental concerns and the need to mitigate climate change impacts. As traditional energy sources face scrutiny due
to their environmental footprint and finite availability, attention has shifted towards renewable alternatives. Among these,
biogas emerges as a viable option, particularly when sourced from organic waste materials such as agricultural residues,
sewage sludge, and municipal solid waste (MSW) (Fang et al., 2015; Jayathilakan et al., 2011).

2. Biogas Production:
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This involves the anaerobic digestion of organic matter by microbial activity, resulting in the release of methane-rich gas
that can be used for electricity generation, heating, or transportation (Rogers & Chen, 2015). This process not only provides
a renewable energy source but also addresses waste management challenges by diverting organic waste from landfills and
reducing methane emissions (Mata-Alvarez et al., 2014).

3. Systems and Controllers:

Embedded systems, comprising microcontroller boards and sensors, have played a pivotal role in advancing biogas
production technology. These systems enable real-time monitoring and control of key parameters critical to the anaerobic
digestion process, including temperature, pH, alkalinity, and gas composition (Baccar et al., 2009; Hansen & Angelidaki,
2008). By leveraging embedded systems, researchers have achieved greater efficiency and reliability in biogas production
systems, leading to improved performance and reduced operational costs (Borja et al., 2012; Li et al., 2017).

4. Advancements:

Despite significant advancements in biogas production technology, challenges remain in scaling up systems for commercial
applications and addressing variability in feedstock composition and availability (Lehtoméki et al., 2008; Liu et al., 2020).
Future research efforts should focus on further enhancing the efficiency and reliability of biogas production systems
through continued innovation in embedded systems technology and process optimization strategies.

In summary, biogas production offers a sustainable solution for renewable energy generation and waste management.
Embedded systems play a crucial role in monitoring and controlling biogas production processes, offering opportunities
for optimization and improved performance. Continued research and development in this field are essential to realizing the
full potential of biogas as a renewable energy source.

111. EXPERIMENTAL METHODOLOGY

This experimental methodology outlines a systematic approach to investigate the generation of biogas from organic
waste using integrated embedded systems. With the increasing global demand for sustainable energy solutions, biogas
production offers a promising avenue for renewable energy generation while addressing waste management challenges.
By leveraging microcontroller boards and sensors, this study aims to monitor and optimize key parameters in the anaerobic
digestion process, ultimately enhancing biogas production efficiency and quality.

1. Bio Digester Set-up:

Usage of a simple Drum to arrange in a way where the usage of PVC (Polyvinyl Chloride) pipes and using different cutting
the production of the holes for the insertion of the PVC pipes accurately according to the dimension that are planned and
need to implanted in a way where the waste removal is simple and the adding of the slurry is simple in terms the set-up
which is in a simple way where an average person can be able to setup in his/her homes.

2. Embedded Systems Explanation:

There are various embedded devices and sensors available in the current market where it would be difficult to choose which
setup might be better in use of the present experiment as the process involves various sensors and controller but here, we
are going to use the following:

Arduino UNO:

The Arduino Uno is a small computer that you can use to make all sorts of cool projects as shown in figure 1. It comes
with lots of little pins that you can connect things to, like lights or sensors. It has a special chip inside that helps it work
smoothly. Plus, it has a USB plug so you can connect it to your computer and write programs for it. If something goes
wrong, there's a button you can press to start over. It's really easy to use because there's software you can download to help
you write programs for it. People love using Arduino Uno because it's simple and there are lots of other people who use it
too, so you can always find help if you need it.

Fig.1 - Arduino UNO (Micro Controller Board)
DHT 22 Sensor:
The DHT22 sensor shown in figure 2, also known as the AM2302, is an upgraded version of the DHT11 sensor, offering
improved performance and accuracy. While both sensors can measure temperature and humidity, the DHT22 sensor
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provides higher accuracy and a wider measurement range compared to the DHT11. Additionally, the DHT22 sensor
typically has a faster response time and better long-term stability, making it more suitable for applications requiring precise
environmental monitoring. However, the DHT22 sensor is usually slightly more expensive than the DHT11. Despite these
differences, both sensors are commonly used in electronics projects due to their simplicity and ease of use, with the choice
between them depending on the specific requirements of the project.

Fig.2 - DHT 22 Sensor (Temperature and Humidity Module)
Cables:
USB Type-A to USB Type-B shown in figure 3 male cables are commonly used for connecting various devices to a
computer or power source. These cables typically have a USB Type-A connector on one end, which is the USB Type-B
connector found on most computers and chargers, and a USB male connector on the other end, which can be plugged into
devices such as smartphones, cameras, or Arduino boards. These cables are used for data transfer, charging, and powering
devices.

.

Fig.3 - USB Type-A to USB Type-B Cable
For connecting the Arduino board to the DHT22 sensor, you would typically use jumper wires. The figure 4 shows Jumper
wires are flexible wires with connectors on each end that can be easily plugged into the pins on the Arduino board and the
sensor. These wires come in different lengths and colours, allowing for easy identification and organization of connections.
When connecting the DHT22 sensor to the Arduino board, you would typically connect the sensor's data pin to one of the
digital input/output pins on the Arduino, as well as its power (VCC) and ground (GND) pins to the corresponding power
and ground pins on the Arduino.

Fig.4 - Jumper Cable (Male to Female)
3. Code Generation for the Arduino Setup:
When writing code for an Arduino board using the Arduino IDE, you typically use the Arduino compiler, which is
integrated into the IDE. However, you can also write code in Python within the Arduino IDE using the "Arduino Language™
extension, which allows you to use Python syntax to program Arduino boards. Here's some general information about the
code generation process:
e Compiler: In the Arduino IDE, you can use the built-in Arduino compiler to compile your code into machine code that
can be executed by the microcontroller on the Arduino board. Alternatively, with the Arduino Language extension, you
can write code in Python syntax, which is then translated into Arduino-compatible code by the IDE before compilation.
e Coding Language: Arduino code is typically written in a simplified version of the C++ programming language.
However, with the Arduino Language extension, you have the option to write code in Python syntax, which is then
converted into Arduino-compatible code by the IDE.
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e Library Usage: When working with sensors like the DHT22, you can use libraries specifically designed for interfacing
with these sensors. For example, the DHT sensor library provides functions for reading temperature and humidity data
from DHT sensors, including the DHT22. You can easily include this library in your Arduino sketch using the Library
Manager in the Arduino IDE.

e Uploading Code: Once you have written your code in either C++ or Python syntax, you can upload it to the Arduino
board using a USB cable. The IDE automatically compiles your code and uploads it to the Arduino board's memory, where
it begins executing immediately.

e Serial Monitor: The Arduino IDE includes a Serial Monitor tool that allows you to communicate with the Arduino
board over a serial connection, regardless of whether you are using C++ or Python syntax. This tool can be used for
debugging, testing, and displaying output messages or sensor readings in real-time.

Overall, the Arduino IDE provides a versatile environment for programming Arduino boards using either C++ or Python
syntax, along with libraries for interfacing with sensors like the DHT22. This makes it easy to develop a wide range of
projects, from simple prototypes to complex loT applications.

4. Assembly:

Assembly Procedure for Simple Bio-Digester:

+¢ Preparation of Drum:

o Select a suitable drum for the bio-digester setup, ensuring it is clean and free from any contaminants.

o Determine the location for the inlet and outlet pipes on the drum, considering ease of access for waste removal and slurry
addition.

o Mark the positions for the holes to be drilled or cut for inserting PVC pipes, ensuring accurate placement according to
the planned dimensions.

+ Drilling/Cutting Holes for PVC Pipes:

o Use a measuring tape and marker to mark the positions for the holes on the drum, ensuring they align with the planned
dimensions for the PVC pipes.

o Drill or cut the holes using appropriate tools, such as a hole saw or jigsaw, ensuring precision and accuracy to facilitate
easy insertion of the PVC pipes.

+» Insertion of PVC Pipes:

e Cut PVC pipes to the required lengths based on the dimensions of the drum and the planned setup.

¢ Insert the PVC pipes into the holes drilled or cut on the drum, ensuring a snug fit to prevent leakage.

+» Sealing and Securing PVC Pipes:

o Apply sealant or adhesive around the edges of the holes to secure the PVC pipes in place and prevent any leaks.

o Use clamps or brackets to reinforce the attachment of PVC pipes to the drum, ensuring stability and durability of the
setup.

++ Connection of Inlet and Outlet Pipes:

o Connect the inlet pipe to the designated hole on the drum for introducing organic waste into the bio-digester.

e Connect the outlet pipe to the designated hole for collecting biogas and digestate, ensuring a secure and leak-proof
connection.

+» Assembly of Arduino UNO Board and DHT22 Sensor:

e Connect the DHT22 sensor to the Arduino UNO board using jumper wires, ensuring proper alignment of the pins.

o Refer to the datasheets and pinout diagrams for the Arduino UNO board and DHT22 sensor to ensure correct wiring.

o Upload the appropriate code to the Arduino UNO board using the Arduino IDE, enabling it to read temperature and
humidity data from the DHT22 sensor.

+ Placement and Calibration:

o Place the assembled bio-digester setup in the desired location, ensuring adequate ventilation and access for monitoring
and maintenance.

o Calibrate the DHT22 sensor as necessary to ensure accurate measurement of temperature and humidity within the bio-
digester.

+ Testing and Operation:

e Conduct initial tests to ensure proper functioning of the bio-digester setup and the Arduino UNO board with the DHT22
sensor.

e Monitor the temperature and humidity readings from the DHT22 sensor using the Arduino IDE's Serial Monitor tool,
verifying the effectiveness of the setup in biogas production.

“ Maintenance and Monitoring:

¢ Regularly monitor the bio-digester setup for any signs of leakage or malfunction, and perform maintenance as needed
to ensure optimal performance.
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e Use the Arduino IDE's Serial Monitor tool to track temperature and humidity levels within the bio-digester, making
adjustments as necessary to maintain optimal conditions for biogas production.

By following this assembly procedure, an average person can set up a simple bio-digester using a drum and PVC pipes in
their homes, along with the assembly of the Arduino UNO board and DHT22 sensor for monitoring environmental
conditions within the bio-digester.

5. Data Analysis Comparison with Real-Time monitoring:

«» Data Analysis:

e Data Collection: The Arduino board continuously collects temperature readings from the sensor at regular intervals,
storing the data in its memory.

o Data Logging: The collected temperature data is periodically logged onto an external storage device or transmitted to a
computer for further analysis.

o Analysis: Once sufficient data is collected, it can be analysed using statistical methods or data visualization techniques
to identify trends, patterns, or anomalies in temperature variations over time.

o Interpretation: The analysed data provides insights into the room's temperature behaviour, such as daily temperature
fluctuations, average temperature trends, and peak temperature periods.

+«» Real-Time Monitoring:

e Continuous Monitoring: The Arduino board continuously reads temperature data from the sensor in real-time and
displays it on an LCD screen or sends it to a computer for live visualization.

o Immediate Feedback: Changes in temperature are instantly reflected on the display, allowing users to monitor
temperature fluctuations as they occur.

e Alerting Mechanisms: Real-time monitoring systems can be programmed to trigger alerts or notifications when
temperature thresholds are exceeded, indicating potential issues like overheating or freezing conditions.

o Interactivity: Users can interact with the real-time monitoring system by adjusting settings, setting temperature
thresholds, or initiating actions based on live data feedback.

Comparison:

o Data analysis provides a comprehensive overview of temperature trends and patterns over time, enabling deeper insights
and long-term planning.

¢ Real-time monitoring offers immediate visibility into temperature changes as they occur, facilitating quick response and
intervention when necessary.

o Data analysis is more suited for retrospective analysis and decision-making based on historical data, while real-time
monitoring is ideal for proactive monitoring and immediate response to dynamic changes.

Both approaches complement each other, with data analysis providing context and understanding of temperature behaviour,
while real-time monitoring ensures continuous oversight and timely action in response to real-time fluctuations.

6. Safety Precautions:

o Follow all relevant safety guidelines and regulations applicable to the specific tasks and activities involved in bio-
digester assembly, electronic assembly, and data analysis.

o Seek assistance or guidance from experienced individuals or professionals if unsure about proper procedures or safety
precautions.

o Keep work areas clean and organized to minimize hazards and prevent accidents, and promptly clean up spills or debris
to maintain a safe working environment.

1VV. RESULTS AND DISCUSSIONS

This analysis delves into the assembly and functionality of a bio-digester setup, embedded systems' role in monitoring and
control, code generation for microcontroller boards, and data analysis. These investigations aim to evaluate the
effectiveness of integrated systems in addressing environmental challenges and promoting sustainability in waste
management.

«» Bio-Digester Setup:

e The bio-digester setup was successfully assembled using a drum modified with PVC pipes for waste input and gas
output. The holes for the PVC pipes were accurately drilled, ensuring a secure fit and minimal risk of leakage.

o The simplicity of the assembly process, coupled with the use of readily available materials such as PVC pipes, facilitated
easy waste removal and slurry addition, making it suitable for implementation by individuals in their homes.

e Moving forward, further testing and monitoring of the bio-digester system will be essential to assess its performance in
generating biogas from organic waste and to identify any potential improvements or optimizations.

«» Embedded Systems:

e The assembly of the Arduino UNO board with the DHT22 sensor demonstrated the versatility and ease of use of
embedded systems in electronics projects.
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o By leveraging microcontroller boards like Arduino and sensors like the DHT22, individuals can create sophisticated
monitoring and control systems for various applications, including environmental monitoring, home automation, and 10T
projects.

e The Arduino platform's accessibility and extensive community support make it an ideal choice for beginners and
experienced makers alike, enabling rapid prototyping and development of embedded systems solutions.

+«» Code Generation:

e Code generation for the Arduino UNO board was accomplished using the Arduino IDE as shown in figure 5, which
provides a user-friendly environment for writing, compiling, and uploading code to microcontroller boards.

e The Arduino IDE supports both C++ and Python syntax, allowing users to choose the programming language that best
suits their preferences and project requirements.

o Libraries such as the DHT sensor library simplify code development by providing pre-written functions for interfacing
with sensors like the DHT22, streamlining the programming process and reducing development time.

« Data Analysis:

o Data analysis of temperature and humidity readings from the DHT22 sensor was facilitated using the Arduino platform
and the Serial Monitor tool as portrayed in figure 6.

o Real-time monitoring of environmental conditions provided immediate feedback on temperature and humidity
variations, enabling proactive intervention when necessary.

o Further analysis of collected data using statistical methods or data visualization techniques will offer deeper insights into
environmental trends and patterns, aiding in decision-making and optimization of system performance.

Overall, the integration of the bio-digester setup with embedded systems and data analysis tools demonstrates the potential
for creating innovative and sustainable solutions for waste management and environmental monitoring. By leveraging
accessible technologies and platforms like Arduino, individuals can contribute to addressing pressing challenges in
sustainability and resou ag t.

Fig.5 - Code for the setup

Humidity: 40.08% Temperature: 24.00°C -
Humidity: 40.00% Temperature: 24.00°C
Humidity: 40.00% Temperature: 24.00°C
Humidity: 40.08% Temperature: 24.00°C
Humidity: 40.00% Temperature: 24.00°C
Humidity: 40.00% Temperature: 24.00°C
Humidity: 40.00% Temperature: 24,00°C

oo
Fig.6 — Output (Humidity and Temperature)

V. CONCLUSION

The conclusion highlights the significance of integrated systems, particularly in the context of addressing environmental
challenges and promoting sustainability. It emphasizes the successful assembly of a bio-digester setup, integration of
embedded systems, streamlined code generation, and insightful data analysis as key components contributing to this
potential. The conclusion underscores the accessibility, versatility, and effectiveness of these integrated solutions in waste
management and sustainability efforts, making them suitable for implementation in various settings. Additionally, it
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emphasizes the importance of continued research and innovation in advancing these integrated systems to realize their full
potential for sustainable development and a greener future.

Future Advancements and Implementation:

e Advanced Sensor Technologies: Integration of advanced sensors for real-time monitoring of biogas production,
temperature, and humidity levels can enhance system efficiency and optimize resource utilization.

e Machine Learning Algorithms: Implementation of machine learning algorithms for predictive analytics and optimization
of biogas production processes, enabling proactive decision-making and system control.

e 0T Integration: Integration of embedded systems with 10T platforms for remote monitoring and control of bio-digester
systems, enabling seamless operation and management from anywhere.

e Smart Grid Integration: Integration of biogas generation systems with smart grid technologies for efficient energy
distribution and utilization, enabling integration into existing energy infrastructure and grid balancing.

e Community-scale Deployment: Implementation of bio-digester systems at community-scale to maximize resource
utilization and promote decentralized renewable energy production, fostering local sustainability and resilience.
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Abstract — This research investigates the tensile strength of 3D-printed Polyethylene terephthalate glycol (PETG) specimens
using a Creality Ender-3 V2 3D printer. By employing the Taguchi method, printing parameters including layer thickness,
infill density, print speed, and nozzle temperature were systematically varied to prepare nine specimens for tensile testing. The
ultimate stress of each specimen was determined using a Universal Testing Machine (UTM), and the results were analyzed to
understand the influence of printing parameters on mechanical properties. The findings reveal that finer layer thicknesses and
higher infill densities generally result in higher tensile strengths, while print speed demonstrates variable effects. Moreover,
elevated nozzle temperatures are associated with improved tensile strength due to enhanced material flow and adhesion. These
insights underscore the importance of optimizing printing parameters to achieve desired mechanical properties in 3D-printed
PETG specimens, thereby contributing to the advancement of additive manufacturing processes. This study provides valuable
guidance for optimizing 3D printing parameters and enhancing mechanical performance in various applications.

Keywords — 3D printing, additive manufacturing, tensile strength, Universal Testing Machine, printing parameters.

|. INTRODUCTION

Additive manufacturing, commonly referred to as 3D printing, has emerged as a disruptive technology with profound
implications across various industries. Its ability to fabricate intricate geometries with unmatched speed and flexibility
has revolutionized traditional manufacturing processes, enabling rapid prototyping, on-demand production, and
customization to meet diverse consumer needs. However, despite its widespread adoption, the mechanical properties of
3D-printed materials remain a significant area of concern and investigation.

Understanding the mechanical behavior of 3D-printed materials, particularly their tensile strength, is paramount for
ensuring the reliability, durability, and safety of printed components in real-world applications. Tensile strength, which
measures the maximum stress a material can withstand before failure under tensile loading,[1] is a critical mechanical
property that directly influences the structural integrity and performance of 3D-printed parts. Therefore, comprehensive
analysis and characterization of tensile strength are essential for optimizing the design and manufacturing processes in
additive manufacturing.

This research focuses on investigating the tensile strength of 3D-printed specimens using a Universal Testing Machine
(UTM), a widely employed instrument for evaluating the mechanical properties of materials under tension. By subjecting
3D-printed specimens to controlled tensile loading, we aim to gain insights into the influence of various printing
parameters on their mechanical behavior. These parameters include layer height, infill density, printing speed, and nozzle
temperature, which are known to affect the microstructure, adhesion, and overall mechanical properties of printed parts.

The systematic experimental approach employed in this study allows for a comprehensive analysis of how different
printing parameters impact the tensile strength of 3D-printed specimens. By systematically varying these parameters and
conducting tensile tests using a UTM, we can elucidate the relationship between printing conditions and mechanical
performance, thereby providing valuable insights into optimizing the printing parameters for enhanced mechanical
properties in additive manufacturing applications.

Through this investigation, [2]we aim to address the critical challenge of understanding and optimizing the mechanical
properties of 3D-printed materials. By elucidating the factors influencing tensile strength and providing actionable
insights for process optimization, this research contributes to advancing the state-of-the-art in additive manufacturing and
facilitates the development of robust, reliable, and high-performance 3D-printed components across diverse industries.

Il. LITERATURE REVIEW
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The field of additive manufacturing, particularly 3D printing, has witnessed significant growth and development over
the past few decades, accompanied by extensive research into the mechanical properties of 3D-printed materials.
Understanding these properties is crucial for ensuring the reliability and performance of printed components in various
applications. In this literature review, we discuss key findings and insights from previous studies related to the tensile
strength of 3D-printed materials, focusing on the influence of printing parameters such as layer height, infill density,
printing speed, and nozzle temperature.

1. Influence of Printing Parameters on Tensile Strength

Numerous studies have investigated the effect of printing parameters on the tensile strength of 3D-printed specimens.
Layer height, which refers to the thickness of each deposited layer during printing, has been shown to significantly
impact tensile strength. Lower layer heights generally result in better inter-layer adhesion and higher tensile strength due
to increased surface area contact between layers (Ma et al., 2018). In contrast, higher layer heights may lead to weaker
inter-layer bonding and reduced tensile strength (Hu et al., 2020).

Similarly, infill density, which denotes the amount of material used to fill the internal volume of printed parts, has been
identified as a crucial parameter affecting tensile strength. Higher infill densities typically result in greater material
density and improved mechanical properties, including tensile strength (Husain et al., 2019). However, excessively high
infill densities may increase printing time and material consumption without significant improvements in tensile strength,
necessitating a balance between mechanical performance and production efficiency.

2. Effect of Printing Speed and Nozzle Temperature

Printing speed and nozzle temperature are two additional parameters that influence the mechanical properties of 3D-
printed materials, including tensile strength. Studies have shown that variations in printing speed can affect the cooling
rate and crystallinity of printed parts, thereby impacting their mechanical behavior (Li et al., 2019). Higher printing
speeds may result in reduced tensile strength due to inadequate material bonding and increased porosity (Tan et al.,
2020).

[3] Moreover, nozzle temperature plays a critical role in controlling material flow and adhesion during the printing
process. Optimal nozzle temperature is essential for achieving proper layer adhesion and structural integrity in printed
parts. Deviations from the recommended temperature range can lead to defects such as warping, delamination, and poor
inter-layer bonding, ultimately affecting tensile strength (Chacén et al., 2017).

3. Advances in Testing Methodologies

In recent years, advancements in testing methodologies, particularly the use of Universal Testing Machines (UTMs),
have facilitated more accurate and reliable characterization of the mechanical properties of 3D-printed materials. UTMs
allow for precise control of loading conditions and enable tensile testing of printed specimens according to established
standards such as ASTM D638. By subjecting 3D-printed specimens to controlled tensile loading, researchers can obtain
quantitative data on tensile strength, yield strength, and elongation at break, among other mechanical properties
(Gonzalez-Hernandez et al., 2021).

4. Gaps and Future Directions

While existing literature provides valuable insights into the influence of printing parameters on the tensile strength of
3D-printed materials, several gaps and opportunities for future research remain. Further investigations are needed to
explore the combined effects of multiple printing parameters on mechanical properties and to develop predictive models
for optimizing printing parameters based on desired mechanical performance criteria. Additionally, studies focusing on
the influence of post-processing techniques, material composition, and environmental factors on tensile strength would
contribute to a more comprehensive understanding of additive manufacturing processes.

Overall, the literature reviewed highlights the importance of considering printing parameters such as layer height, infill
density, printing speed, and nozzle temperature in optimizing the tensile strength of 3D-printed materials. By leveraging
insights from previous studies and employing advanced testing methodologies, this research aims to contribute to the
ongoing efforts in enhancing the mechanical performance and reliability of 3D-printed components for various industrial
applications.

111. EXPERIMENTAL METHODOLOGY

The experimental methodology outlined in this section details the procedure followed to investigate the tensile strength
of 3D-printed specimens using a Universal Testing Machine (UTM). The study aims to analyze the influence of various
printing parameters, including layer thickness, infill density, print speed, and nozzle temperature, on the mechanical
properties of Polyethylene terephthalate glycol (PETG) specimens fabricated using a Creality Ender-3 V2 3D printer.
The Taguchi method was employed to systematically vary these parameters and prepare nine specimens for tensile
testing. The experimental setup adhered to ASTM standards to ensure accuracy and consistency in the testing process.

1. Material Selection and Preparation

The figure 1 shows Polyethylene Terephthalate Glycol (PETG) filament was selected as the material for 3D printing
due to its favorable mechanical properties, including high tensile strength, durability, and impact resistance.[4] The
filament was sourced from a reputable manufacturer to ensure quality and consistency in material properties.
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Figure 1: Polyethylene terephthalate glycol (PETG) Filament

Prior to printing, the PETG filament was properly stored in a dry and dust-free environment to prevent moisture
absorption and filament degradation. The filament diameter was measured using a digital caliper to ensure compatibility
with the 3D printer's extruder system. Any deviations from the specified filament diameter were noted and adjusted
accordingly.
2. 3D Printer Configuration

The experiments were conducted using a Creality Ender-3 V2 shown in figure 2, 3D printer equipped with a standard
hot end assembly and a heated build plate. The printer was calibrated according to manufacturer guidelines to ensure
accurate extrusion, bed levelling, and overall print quality.

Figure 2: Creality Ender-3 V2 3D Printer
The printer settings were configured based on the predetermined printing parameters, including layer thickness, infill
density, print speed, and nozzle temperature. The slicing software “Creality Slicer” was used to generate G-code files
with the specified printing parameters for each specimen.
3. Printing Parameter Variation
The Taguchi method was employed to systematically vary the printing parameters and prepare nine specimens for
tensile testing. The selected parameters and their respective levels are as shown in table 1.

Table 1: 3D Printing Parameters
Printing Parameter Level 1 Level 2 Level 3
Layer Thickness 0.16 mm 0.2 mm 0.28mm
Infill Density 80% 90% 100%
Print Speed 80 mm/s 90 mm/s 100 mm/s
Nozzle Temperature 230°C 240°C 250°C

The Table 2 shows each combination of printing parameters was assigned a unique code to facilitate identification and

tracking during the printing and testing phases.

National Conference on ‘Advanced Trends in Engineering Sciences & Technology-ATEST’ Organised by RK College of Engineering




Rover Publications

United International Journal of Engineering and Sciences (UIJES)
An International Peer-Reviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volume-4, Special Issue-3; ISSN: :2582-5887

Table 2: 3D Printing Parameters

Code | Layer Thickness | Infill Density | Print Speed | Nozzle Temperature
mm % mm/s °C
TS-1 0.16 80 80 230
TS-2 0.16 90 90 240
TS-3 0.16 100 100 250
TS-4 0.2 80 90 250
TS-5 0.2 90 100 230
TS-6 0.2 100 80 240
TS-7 0.28 80 100 240
TS-8 0.28 90 80 250
TS-9 0.28 100 90 230

4. Specimen Design and Printing

The specimens were designed in accordance with ASTM standards for tensile testing to ensure consistency and
accuracy in the experimental setup. The design included a standardized geometry with defined dimensions, such as
length, width, and thickness, suitable for tensile testing as shown in figure 3.
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Figure 3: Tensile Specimen (ASTM D638)
The CAD model of the specimen shown in figure 4 was imported into the slicing software, where the printing
parameters were specified based on the Taguchi experimental design. The G-code files generated by the slicing software
were transferred to the 3D printer via SD card for printing.

Figure 4: Tensile Specimen CAD Model
5. Printing Process

The printing process was conducted under controlled conditions to minimize variability and ensure repeatability across
specimens. The 3D printer was operated in a well-ventilated area with stable ambient temperature and humidity levels.

Before initiating each print, the printer's build plate was cleaned and coated with an appropriate adhesive (glue stick) to
promote adhesion and prevent warping. The printing parameters were configured as per the Taguchi experimental design,
and the G-code file corresponding to the desired specimen was selected for printing.

During the printing process, periodic visual inspections were conducted to monitor print quality and detect any
anomalies or defects.[5] Any issues encountered during printing, such as layer misalignment, extrusion problems, or
adhesion issues, were promptly addressed to ensure the integrity of the specimens.

Once the printing was completed, the specimens were carefully removed from the build plate and inspected for any
surface imperfections or irregularities. Any excess support structures or residue from the printing process were removed

National Conference on ‘Advanced Trends in Engineering Sciences & Technology-ATEST’ Organised by RK College of Engineering




Rover Publications
United International Journal of Engineering and Sciences (UIJES)
An International Peer-Reviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volume-4, Special Issue-3; ISSN: :2582-5887

using appropriate tools (sandpaper) to prepare the specimens for tensile testing. The tensile specimens printed from 3D
printer are portrayed in figure 5.

Figure 5: Tensile Specimen Prepared from 3D Printer

6. Tensile Testing Setup

The tensile testing of the 3D-printed specimens was conducted using a Universal Testing Machine (UTM) equipped
with appropriate grips and fixtures for securing the specimens. The testing setup adhered to ASTM standards for tensile
testing to ensure consistency and accuracy in the measurement of mechanical properties.

Prior to testing, the dimensions of each specimen were measured using a digital caliper to verify compliance with the
design specifications. The specimens were carefully positioned in the grips of the UTM, ensuring proper alignment and
orientation for tensile loading as shown in figure 6.

Figure 6: Tensile Specimen Placed in UTM

7. Tensile Testing Procedure
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The tensile testing procedure involved applying a uniaxial tensile load to the specimens at a constant rate of
displacement. The UTM was programmed to apply tensile force gradually, while recording load and displacement data
continuously throughout the test.

The tensile test was conducted until the specimen experienced failure, characterized by a sudden decrease in load
accompanied by visible deformation or fracture. The maximum load sustained by the specimen before failure, along with
corresponding displacement data, was recorded as the ultimate tensile strength (UTS).

The detailed experimental methodology described above outlines the procedures followed to investigate the tensile
strength of 3D-printed specimens using a Creality Ender-3 V2 3D printer and a Universal Testing Machine (UTM). By
systematically varying printing parameters and employing the Taguchi method, nine specimens were prepared and tested
to evaluate the influence of factors such as layer thickness, infill density, print speed, and nozzle temperature on tensile
strength. [6]The experimental setup adhered to ASTM standards to ensure accuracy and consistency in testing
procedures, and rigorous quality assurance measures were implemented to validate the reliability of the results. Through
meticulous experimentation and data analysis, this study aims to provide valuable insights into optimizing printing
parameters for enhanced mechanical performance in additive manufacturing applications.

IV. RESULTS AND DISCUSSIONS

Additive manufacturing, particularly 3D printing, has emerged as a transformative technology with applications
spanning various industries. One of the critical aspects of utilizing 3D-printed components is understanding their
mechanical properties, particularly tensile strength, which is crucial for assessing structural integrity and performance. In
this study, we investigated the tensile strength of 3D-printed specimens made from Polyethylene terephthalate glycol
(PETG) using a Creality Ender-3 V2 3D printer. We employed the Taguchi method to systematically vary printing
parameters, including layer thickness, infill density, print speed, and nozzle temperature. Subsequently, [7] we conducted
tensile tests on nine specimens to evaluate their ultimate stress. The results obtained are detailed below, followed by a
comprehensive discussion of the findings and their implications. The failure of tensile specimen shows in figure 7. The
figure 8 portrayed the Tensile strength for different specimens.

Figure 7: Tensile Specimens After Tensile Test
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1. Effect of Layer Thickness

The results indicate that varying the layer thickness has a discernible impact on the ultimate stress of the PETG
specimens. Notably, specimens printed with a layer thickness of 0.16 mm (TS-1, TS-2, TS-3) generally exhibited higher
ultimate stress values compared to those printed with thicker layers (0.2 mm and 0.28 mm). This finding is consistent
with previous studies (Ma et al., 2018), which suggest that finer layer resolutions promote better inter-layer adhesion and
overall structural integrity, resulting in enhanced mechanical properties.

2. Impact of Infill Density

The influence of infill density on ultimate stress is evident from the results, with specimens demonstrating higher infill
densities generally exhibiting higher ultimate stress values. For instance, specimens TS-3, TS-6, and TS-9, printed with
100% infill density, displayed higher ultimate stress values compared to those with lower infill densities. This
observation aligns with the findings of Husain et al. (2019), who reported that denser internal structures contribute to
improved load-bearing capacity and mechanical performance in 3D-printed components.

3. Influence of Print Speed

The effect of print speed on ultimate stress appears to be less consistent across specimens. While some specimens (e.g.,
TS-5) exhibited lower ultimate stress values at higher print speeds, others (e.g., TS-6) displayed higher ultimate stress
values. [8] This variability underscores the complex interplay between print speed, material deposition, and inter-layer
bonding, as highlighted by Tan et al. (2020). Further investigation is warranted to elucidate the specific mechanisms
underlying the observed trends and optimize print speed for enhanced mechanical properties.

4. Effect of Nozzle Temperature:

Nozzle temperature emerges as a significant factor influencing ultimate stress, with higher temperatures generally
resulting in higher ultimate stress values. Specimens printed at elevated nozzle temperatures (e.g., TS-3, TS-4, TS-9)
exhibited higher ultimate stress values compared to those printed at lower temperatures. This finding is consistent with
the work of Chacon et al. (2017), [9] who reported that increased nozzle temperatures promote better material flow and
adhesion, thereby enhancing inter-layer bonding and mechanical properties in 3D-printed components.

5. Optimization of Printing Parameters:

The results underscore the importance of optimizing printing parameters to achieve desired mechanical properties in
3D-printed PETG specimens. By carefully selecting and fine-tuning parameters such as layer thickness, infill density,
print speed, and nozzle temperature, it is possible to enhance ultimate stress and produce high-quality components for
various applications in additive manufacturing.

In conclusion, the results of this study provide valuable insights into the influence of printing parameters on the
mechanical properties of 3D-printed PETG specimens. By systematically varying these parameters and conducting
tensile tests, we have elucidated their effects on ultimate stress and highlighted opportunities for optimization. [10]Future
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research may focus on refining parameter settings, exploring additional factors, and validating the findings to further
advance the understanding and optimization of 3D printing processes.

V1. CONCLUSION

In this study, we investigated the tensile strength of 3D-printed PETG specimens by systematically varying printing
parameters such as layer thickness, infill density, print speed, and nozzle temperature. Through tensile testing and
analysis, we have gained valuable insights into the influence of these parameters on the mechanical properties of the
specimens.

The results reveal several important findings:

1. Effect of Layer Thickness: Specimens printed with finer layer thicknesses generally exhibited higher tensile strengths
compared to those printed with thicker layers. This underscores the importance of finer layer resolutions in promoting
better inter-layer adhesion and structural integrity.

2. Impact of Infill Density: Higher infill densities were associated with higher tensile strengths, indicating the
importance of denser internal structures in improving load-bearing capacity and mechanical performance.

3. Influence of Print Speed: The effect of print speed on tensile strength was less consistent across specimens,
highlighting the need for further investigation to elucidate the specific mechanisms underlying these trends and optimize
print speed for enhanced mechanical properties.

4. Effect of Nozzle Temperature: Higher nozzle temperatures generally resulted in higher tensile strengths,
emphasizing the role of temperature in promoting better material flow and adhesion, thereby enhancing inter-layer
bonding and mechanical properties.

Overall, the findings underscore the importance of optimizing printing parameters to achieve desired mechanical
properties in 3D-printed PETG specimens. By carefully selecting and fine-tuning parameters such as layer thickness,
infill density, print speed, and nozzle temperature, it is possible to enhance tensile strength and produce high-quality
components for various applications in additive manufacturing.

Moving forward, future research may focus on refining parameter settings, exploring additional factors, and validating
the findings to further advance the understanding and optimization of 3D printing processes. Additionally, efforts to
develop predictive models and optimization algorithms can aid in streamlining the parameter selection process and
maximizing mechanical performance in 3D-printed components.

In conclusion, the insights gained from this study contribute to the growing body of knowledge in additive
manufacturing and lay the foundation for further advancements in material science, process optimization, and application
development in the field of 3D printing.

A conclusion section is not required. Although a conclusion may review the main points of the paper, do not replicate
the abstract as the conclusion. A conclusion might elaborate on the importance of the work or suggest applications and
extensions.
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Abstract — This study investigates the impact strength of 3D-printed specimens using an Izod Impact Testing Machine, while
systematically varying printing parameters such as layer thickness, infill density, print speed, and nozzle temperature.
Through experimentation and analysis, it was found that finer layer thicknesses and higher infill densities generally resulted in
improved impact resistance. Additionally, lower print speeds and higher nozzle temperatures showed trends towards higher
impact strength values. These findings provide valuable insights into optimizing printing parameters for enhanced mechanical
performance in additive manufacturing applications.

Keywords — 3D printing, additive manufacturing, impact strength, 1zod Impact Testing, printing parameters.

l. INTRODUCTION

Additive manufacturing, commonly referred to as 3D printing, has emerged as a transformative technology with the
potential to revolutionize various industries ranging from aerospace and automotive to healthcare and consumer goods.
Unlike traditional subtractive manufacturing methods, which involve cutting and shaping materials from a solid block,
additive manufacturing builds objects layer by layer from digital designs. This layer-by-layer approach offers
unprecedented design freedom, allowing for the creation of highly complex geometries and customized components with
minimal material waste.

The widespread adoption of 3D printing has been driven by its numerous advantages, including rapid prototyping,
cost-effectiveness for low-volume production, on-demand manufacturing, and the ability to produce lightweight and
intricately designed parts. Additionally, 3D printing enables the fabrication of parts with diverse materials, ranging from
plastics and metals to ceramics and composites, further expanding its applicability across various industries.

However, despite its numerous benefits, the mechanical properties of 3D-printed components remain a critical concern
for engineers and manufacturers. Unlike traditional manufacturing processes, where material properties are well-
characterized and predictable, the complex interplay of printing parameters in additive manufacturing can significantly
influence the mechanical performance of printed parts. Factors such as layer thickness, infill density, print speed, nozzle
temperature, and material properties can all impact the strength, durability, and resilience of 3D-printed components.

Therefore, understanding and optimizing the mechanical properties of 3D-printed parts is crucial for ensuring their
suitability for real-world applications. One of the key mechanical properties that must be evaluated is impact strength,
which measures a material's ability to absorb energy and resist fracture under sudden applied forces. Impact strength is
particularly important in applications where components are subjected to dynamic loading conditions, such as automotive
parts, aerospace components, and protective equipment.

In recent years, there has been growing interest in studying the impact strength of 3D-printed materials and
components. Researchers and industry professionals alike are exploring various methodologies and techniques to assess
the impact resistance of 3D-printed parts accurately. Among these techniques, l1zod impact testing has emerged as a
widely used method for evaluating the impact strength of materials, including 3D-printed specimens.

The lzod impact test involves striking a notched specimen with a pendulum hammer, causing it to fracture. The energy
absorbed by the specimen during fracture is measured, providing a quantitative measure of its impact resistance. By
subjecting 3D-printed specimens to Izod impact testing, researchers can assess the effect of printing parameters on their
impact strength and identify optimal printing conditions for producing components with superior impact resistance.

In this context, this research aims to investigate the impact strength of 3D-printed specimens using an Izod Impact
Testing Machine. Specifically, we focus on studying the influence of printing parameters, such as layer thickness, infill
density, print speed, and nozzle temperature, on the impact resistance of printed parts. The research employs a systematic
experimental approach, leveraging the Taguchi method to vary printing parameters and prepare specimens for impact
testing. The ultimate goal is to gain insights into optimizing printing parameters to enhance the impact resistance of 3D-
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printed components, thereby advancing the adoption of additive manufacturing in critical applications where impact
strength is paramount.

To achieve this objective, we begin by reviewing relev@atature on the mechanical properties of-giinted
materials, with a particular emphasis on impact strength analysis. We then outline the experimental methodology
employed in this study, including specimen preparation, 1zod impact testing procedureiata analysis techniques.
Subsequently, we present the results of the impact strength analysis and discuss their implications for optimizing printing
parameters in additive manufacturing. Finally, we conclude with a summary of key findings, limitatidresjggestions
for future research in this area.

In summary, this research contributes to the growing body of knowledge on the mechanical propertipsite8D
materials and provides practical insights into enhancing the impact resistancgpoh®® components. By leveraging
advanced experimental techniques and systematic analysis methodologies, we aim to advance the understanding anc
application of additive manufacturing in industries where impact strength is a critical performance parameter.

[I. LITERATURE REVIEW

Additive manufacturing, commonly known as 3D printing, has gained significant attention in recent years due to its
ability to fabricate complex geometries with high precision and customization. As the technology continues to advance,
reearchers and engineers are exploring various aspects of 3D printing, including material properties, process
optimization, and mechanical performance. In this literature review, we delve into the existing body of knowledge on the
mechanical properties of 3printed materials, with a particular focus on impact strength analysis.

1. Mechanical Properties of 3DPrinted Materials

One of the fundamental challenges in additive manufacturing is understanding and characterizing the mechanical
properties of 3Bprinted materials. Unlike conventional manufacturing processes, where material properties are well
established, the unique layey-layer fabrication process of 3D printing introduces complexities that can affect material
behavior. Several studies have investgathe mechanical properties of -pinted materials across various printing
technologies and materials.

Ma et al. (2018) conducted a comprehensive review of the mechanical propertiespdhtd8D polymers. They
highlighted factors such as printing oriation, layer thickness, infill density, and p@sbcessing techniques as critical
determinants of mechanical performance. The study emphasized the importance of understanding the interplay between
printing parameters and material properties to optimieehanical performance in additive manufacturing.

In another study, Khorasani et al. (2017) reviewed the progress and challengegrait8® thermoplastic polymer
composites. The researchers discussed the influence of composite reinforcement, sucts andibmarticles, on
mechanical properties, including tensile strength, flexural strength, and impact resistance. The review identified
opportunities for enhancing the mechanical properties opBited composites through material selection, process
optimization, and posprocessing treatments.

2. Impact Strength Analysis of 3DPrinted Materials

Impact strength is a critical mechanical property that measures a material's ability to absorb energy and resist fracture
under sudden applied forces. Evaluatihg tmpact strength of 3Pprinted materials is essential for ensuring their
suitability for applications subject to dynamic loading conditions, such as automotive components, sporting goods, and
protective equipment. Several studies have focused on aggéissiimpact resistance of 3Winted materials using
various testing methodologies.

In a study by Chocron et al. (2019), the impact resistance qfrBied PLA (polylactic acid) specimens was evaluated
using Charpy and Izod impact tests. The researdheestigated the effects of printing parameters, including layer
thickness, infill density, and printing orientation, on impact strength. The study found that specimens printed with higher
infill densities and smaller layer thicknesses exhibited improngzhct resistance due to enhanced ifdger adhesion
and material density.

Similarly, Arif et al. (2020) investigated the impact strength of@bted ABS (acrylonitrile butadiene styrene)
specimens using the Izod impact test. The study explored thenict of printing parameters, such as layer thickness,
infill density, and print orientation, on impact resistance. The results showed that specimens printed with thicker layers
and higher infill densities demonstrated higher impact strength, highligiigngnportance of parameter optimization in
additive manufacturing.

3. Optimization of Printing Parameters for Enhanced Mechanical Performance

Optimizing printing parameters is crucial for achieving desired mechanical properties-pnin3&l components.
Researchers have employed various optimization techniques, including experimental design methodologies like the
Taguchi method, to systematically study the effects of printing parameters on mechanical performance. By identifying
optimal parameter settingis,is possible to enhance mechanical properties such as tensile strength, flexural strength, and
impact resistance.
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Tan et al. (2020) utilized the Taguchi method to optimize printing parameters fprir@®d short carbon fiber
reinforced PA66 compositeShe study investigated the effects of printing speed, layer thickness, and fiber orientation
on tensile properties and microstructure. The Taguchi method facilitated the systematic exploration of parameter
combinations, leading to improved mechanical penfance in the printed composites.

In a similar vein, Hussain et al. (2018) applied the Taguchi method to optimize printing parameterspfort&D
ABS specimens. The study focused on factors such as layer thickness, infill density, and print spegth @infiance
tensile strength and surface quality. By systematically varying printing parameters and analyzing the effects on
mechanical properties, the researchers identified optimal parameter settings for productnehiigtABS components
via additive manufacturing.

4. Future Directions and Challenges

While significant progress has been made in understanding and optimizing the mechanical propertiparaé@D
materials, several challenges and opportunities remain. One key challenge is the stawléodized testing protocols
and characterization methods tailored to the unique characteristics of additive manufacturing. Establishing standardized
testing procedures will facilitate accurate comparison of material properties across different stidiealde reliable
prediction of performance in rewlorld applications.

Furthermore, there is a growing interest in developing advanced materials andghatatial printing techniques to
expand the capabilities of additive manufacturing. Researcherexatering novel materials, such as metal alloys,
ceramics, and biocompatible polymers, to address specific application requirements and enhance performance in
demanding environments. Additionally, advancements in rmatierial printing technologies enalitee fabrication of
functional, integrated components with tailored material properties for diverse applications.

In conclusion, the mechanical properties of@iihted materials play a critical role in determining their suitability for
various applicatios. Impact strength analysis, in particular, provides valuable insights into material behavior under
dynamic loading conditions and is essential for ensuring the reliability and durability-pfir8ed components. By
leveraging experimental design methampés and optimization techniques, researchers can systematically explore the
effects of printing parameters on mechanical performance and drive advancements in additive manufacturing.

[Il. EXPERIMENTAL METHODOLOGY

The experimental methodology outlined this section details the procedure followed to investigatelrtipact
strength of 3Bprinted specimens usinglaod Impacting Testing Machin@ he study aims to analyze the influence of
various printing parameters, including layer thickness, infill dgngirint speed, and nozzle temperature, on the
mechanical properties of Polyethylene terephthalate glycol (PETG) specimens fabricated using a Creal®ywErgizr
printer. The Taguchi method was employed to systematically vary these parameters arel rpnepapecimens for
tensile testing. The experimental setup adhered to ASTM standards to ensure accuracy and consistency in the testing
process.
1. Material Selection and Preparation

The figure 1 show®olyethyleneTerephthalate GlycdlPETG) filament wasedected as the material for 3D printing
due to its favorable mechanical properties, including high tensile strength, durability, and impact resistance. The filament
was sourced from a reputable manufacturer to ensure quality and consistency in mapataepro

Figure 1: Polyethylene terephthalate glycol (PETG) Filament
Prior to printing, the PETG filament was properly stored in a dry andfrestenvironment to prevent moisture
absorption and filament degradation. The filament diameter was meamimgda digital caliper to ensure compatibility
with the 3D printer's extruder system. Any deviations from the specified filament diameter were noted and adjusted
accordingly.
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2. 3D Printer Configuration
The experiments were conducted using a Creality EBA€2 shown in figure 23D printer equipped with a standard
hot endassembly and a heated build plate.

Figure 2: Creality EndeB V2 3D Printer

The printer was calibrated according to manufacturer guidelines to ensure accurate extrusewe)lmegl and overall
print quality.

The printer settings were configured based on the predetermined printing parameters, including layer thickness, infill
density, print speed, and nozzle temperature. The slicing softivérd H D O L Whas6u@ddRd] geherate-édde files
with the specified printing parameters for each specimen.
3. Printing Parameter Variation

The Taguchi method was employed to systematically vary the printing parameters and prepare nine specimens for
tensile testing. The selected parameters andriagdective levelare as shown in table 1.

Table 1: 3D Printing Parameters

Printing Parameter Level 1 Level 2 Level 3
Layer Thickness 0.16 mm 0.2 mm 0.28mm
Infill Density 80% 90% 100%
Print Speed 80 mm/s 90 mm/s | 100 mm/s
Nozzle Temperaturg  230°C 240°C 250°C

The Table 2 showsagh combination of printing parameters was assigned a unique code to facilitate identification and
tracking during the printing and testing phases.
Table 2: 3D Printing Parameters

Code | Layer Thickness | Infill Density | Print Speed | Nozzle Temperature
mm % mm/s °C
IS1 0.16 80 80 230
1S2 0.16 90 90 240
1S3 0.16 100 100 250
1S4 0.2 80 90 250
IS5 0.2 90 100 230
IS6 0.2 100 80 240
IS7 0.28 80 100 240
1S-8 0.28 90 80 250
1S9 0.28 100 90 230

4. Specimen Design and Printing

The specimens were designed in accordance with ASTM standards for tensile testing to ensure consistency and
accuracy in the experimental setup. The design included a standardized geometry with defined dimensions, such as
length, width, and thickness, suitabibrimpacttestingas shown in figuré.
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Figure 3:ImpactSpecimenASTM D 256
The CAD model of the specimeshown in figure 4was imported into the slicing software, where the printing
parameters were specified based on the Taguchi experimental.dBs&gGcode files generated by the slicing software
were transferred to the 3D printer via SD card for printing.

Figure 4:ImpactSpecimen CAD Model
5. Printing Process

The printing process was conducted under controlled conditions to minimize variabdiggnsure repeatability across
specimens. The 3D printer was operated in a-wagitilated area with stable ambient temperature and humidity levels.

Before initiating each print, the printer's build plate was cleaned and coated with an appropriate gghesstick) to
promote adhesion and prevent warping. The printing parameters were configured as per the Taguchi experimental design,
and the Gcode file corresponding to the desired specimen was selected for printing.

During the printing process, pedit visual inspections were conducted to monitor print quality and detect any
anomalies or defects. Any issues encountered during printing, such as layer misalignment, extrusion problems, or
adhesion issues, were promptly addressed to ensure the intéghigyspecimens.

Once the printing was completed, the specimens were carefully removed from the build plate and inspected for any
surface imperfections or irregularities. Any excess support structures or residue from the printing process were removed
using appropriate tools (sandpaper) to prepare the specimens for tensile fHséingnsile specimens printed from 3D
printer are portrayed in figure 5.
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Figure 5:ImpactSpecimen Prepared from 3D Printer
6. Impact Testing Setup
Set up the Izod impact testimgachine in accordance with ASTM D 256 specificatidiissure that the machine is
calibrated and properly maintained to ensure accurate and repeatable testimsgalltthe pendulum assembly with the
specified pendulum weight and height according &tésting requirements shown in figure .6

Figure 6:ImpactSpecimen Placed in UTM

7. Tensile Testing Procedure

Place the prepared specimen securely in the specimen holder of the Izod impact testing machine, ensuring that the
notch faces the directioof impact. Align the specimen perpendicular to the swing of the pendulum, ensuring proper
positioning for impact testindRelease the pendulum and allow it to swing freely, striking the specimen at the specified
velocity. Record the energy absorbed by fipecimen during fracture, typically measured in joules (J), using theirbuilt
instrumentation of the Izod impact testing machiRepeat the test for multiple specimens to ensure statistical validity
and consistency of results.
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Conducting lzod impact teag according to ASTM D 256 standards provides valuable insights into the impact
resistance of 3fprinted materials. By following the standardized procedures outlined in this methodology, researchers
and engineers can accurately assess the material'sy abiliwithstand sudden applied forces and evaluate the
effectiveness of printing parameters, material compositions, and processing techniques in enhancing impact resistance.
This experimental methodology serves as a reliable framework for conducting itegting and advancing the
understanding of mechanical properties in additive manufacturing applications.

IV. RESULTS AND DISCUSSIONS

The impact strength analysis of gibinted specimens provides valuable insights into the mechanical behavior of the
printed components under dynamic loading conditions. In this section, we present detailed results and discussions based
on the 1zod impact strength test conducted according to ASTM D 256 standards. The analysis encompasses the influence
of various printing pameters, including layer thickness, infill density, print speed, and nozzle temperature, on the
impact resistance of the specimens. Additionally, comparisons are drawn between different parameter combinations to
elucidate their effects on mechanical periance The failure ofimpact specimen shows in figure The figure 8
portrayed thempactstrength for different specimens

Figure 7:ImpactSpecimes After Izod ImpactTest

Figure 8 ImpactStrengths

The impact strength results demonstrate sigmiticariations across different printing parameters, highlighting the
influence of layer thickness, infill density, print speed, and nozzle temperature on the mechanical performance of 3D
printed specimens.
1. Effect of Layer Thickness

Layer thickness plays erucial role in determining the mechanical properties ofpidted parts, including impact
strength. The specimens printed with a layer thickness of 0.16 mfy (82, and 1S3) exhibit higher impact strength
values compared to those printed with thicleyers (1S4, 1S5, IS6, IS7, 1S8, and 1S9). This finding is consistent
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with previous studies (Chocron et al., 2019), which have shown that finer layer resolutions result in improVageinter
bonding and enhanced mechanical performance.

The obsered increase in impact strength with finer layer thickness can be attributed to the reduekegénteoids
and improved fusion between adjacent layers. Finer layers facilitate better interfacial adhesion, resulting in a more
uniform distribution of stresduring impact loading. Consequently, the specimens printed with finer layers demonstrate
higher resistance to fracture and absorb more energy during impact testing.

2. Impact of Infill Density:

Infill density also significantly influences the impact stréngf 3D-printed specimens. Specimens with higher infill
densities generally exhibit higher impact strength values compared to those with lower infill densities. For instance,
specimens 15, IS8, and IS9, printed with 100% infill density, demonstratersfgcantly higher impact strength values
compared to those with lower infill densities.

This observation is consistent with the principle that denser internal structures contribute to improved material integrity
and mechanical properties (Arif et al., 2Q2Bligher infill densities result in a more uniform distribution of material
throughout the specimen, enhancing its ability to withstand impact loading. Additionally, denser internal structures
provide greater support and resistance against crack prapagkstading to higher energy absorption and improved
impact resistance.

3. Influence of Print Speed and Nozzle Temperature:

While the influence of print speed and nozzle temperature on impact strength is less pronounced compared to layer
thickness and infilldensity, some trends can still be observed. For instance, speciméngriSted at a lower print
speed of 80 mm/s, demonstrate higher impact strength compared!tan IS5, printed at higher speeds. This trend
suggests that lower print speeds alloav better material deposition and intayer bonding, resulting in improved
mechanical properties.

Similarly, specimens K and IS9, printed at higher nozzle temperatures of 240°C and 230°C, respectively, exhibit
higher impact strength values compared3-8, printed at a lower temperature of 250°C. Elevated nozzle temperatures
promote better material flow and adhesion, facilitating stronger -layer bonding and improved mechanical
performance.

4. Optimization of Printing Parameters:

The impact strengthesults underscore the importance of optimizing printing parameters to achieve desired mechanical
properties in 3Eprinted components. By carefully selecting and fimeing parameters such as layer thickness, infill
density, print speed, and nozzle temgtere, it is possible to enhance impact resistance and produceualtity
components for various applications in additive manufacturing.

The impact strength analysis provides valuable insights into the mechanical behaviepft8d specimens under
dynamic loading conditions. By systematically varying printing parameters and conducting 1zod impact tests, researchers
can identify optimal parameter settings for enhancing impact resistance and improving mechanical performance in
additive manufacturing gtications.

VI. CONCLUSION

In conclusion, this research focused on investigating the impact strengthpofr@&d specimens using an Izod Impact
Testing Machine, while systematically varying printing parameters such as layer thickness, infill geinsispeed, and
nozzle temperature. Through our analysis, we identified significant correlations between printing parameters and impact
strength, with finer layer thicknesses and higher infill densities generally resulting in improved impact resistance.
Additionally, lower print speeds and higher nozzle temperatures showed trends towards higher impact strength values.
These findings provide valuable insights into optimizing printing parameters for enhanced mechanical performance in
additive manufacturingpplications. Overall, this research contributes to the advancement of additive manufacturing by
providing practical guidance for producing fbinted components with superior impact resistance.
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Abstract +This study investigated the compression strength of 3Printed specimens using a Universal Testinglachine
(UTM) while systematically varying printing parameters such as layer thickness, infill density, print speed, and nozzle
temperature. The results revealed that finer layer thicknesses and higher infill densities generally led to increased compias
strength. Specimens printed with a layer thickness of 0.16 mm and an infill density of 100% exhibited the highest compression
strength of 38.8 N/mmz2. Conversely, optimal print speeds and nozzle temperatures varied depending on other parameters.
These firdings underscore the importance of systematic parameter optimization in additive manufacturing to achieve desired
mechanical properties in 3Dprinted components. Further research should explore advanced materials and computational
modeling techniques to opimize additive manufacturing processes and enhance mechanical performance across various
industries.

Keywords+3D printing, additive manufacturing, compression strength, Universal Testing Machine, printing parameters

[. INTRODUCTION

Additive manuécturing, colloquially known as 3D printing, has emerged as a disruptive technology with profound
implications across various industries. Unlike traditional subtractive manufacturing methods, which involve removing
material from a solid block to create asited shape, additive manufacturing builds objects layer by layer from digital
designs. This layeby-layer approach offers unparalleled design flexibility, enabling the fabrication of complex
geometries and customized components with unprecedentedgmexisl efficiency.

The adoption of 3D printing has proliferated rapidly in recent years, driven by advancements in technology, materials,
and processes. From prototyping and tooling to produgifade manufacturing and customization, 3D printing has
found applications in diverse sectors, including aerospace, automotive, healthcare, consumer goods, and beyond. The
ability to rapidly iterate designs, reduce tihteemarket, and produce complex parts-a@mand has revolutionized
traditional manufacturing padagms and opened new avenues for innovation and creativity.

However, while the potential of 3D printing is vast, realizing its full benefits hinges on understanding and optimizing
the mechanical properties of 3Winted materials. Mechanical properties Isus strength, stiffness, toughness, and
fatigue resistance play a pivotal role in determining the suitability epBited components for specific applications.
Therefore, robust characterization and analysis of these properties are essential fay #resveirability, durability, and
performance of 3Eprinted parts in realvorld environments.

One critical mechanical property that warrants thorough investigation is compression strength, which measures a
material's ability to withstand compressive loadihout failure. Compression strength is particularly relevant in
applications where components are subjected to compressive forces, such as structural supgusjrigaslements,
and packaging materials. Understanding the compression behaviormfr3&d materials is essential for designing and
engineering components that can withstand the rigors of their intended applications.

The research community has increasingly focused on studying the compression strengpiminfe8materials using
experimental testing methodologies. Utilizing advanced equipment such as Universal Testing Machines (UTMs),
researchers can subject-plinted specimens to controlled compressive loads and measure their response to deformation
and failure. By systematically vang printing parameters and material compositions, researchers can elucidate the
factors influencing compression strength and identify strategies to enhance it.

To date, numerous studies have explored the compression strength of varigumt8® materials including
polymers, metals, ceramics, and composites. These studies have investigated the effects of printing parameters such as
layer thickness, infill density, print speed, and nozzle temperature on compression strength, shedding light on the
intricateinterplay between process variables and material properties. By elucidating these relationships, researchers aim
to optimize 3D printing processes and produce components with superior mechanical performance.
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For example, research by Ma et al. (2018) ptedli a comprehensive review of the mechanical properties of 3D
printed polymers, highlighting the importance of printing parameters in determining compression strength. Similarly,
studies by Khorasani et al. (2017) and Tan et al. (2020) explored the ceimprashavior of 3Eprinted thermoplastic
polymer composites and carbon filreinforced materials, respectively, offering valuable insights into material selection,
process optimization, and performance enhancement.

Despite these advancements, severdlaiges and opportunities remain in the realm of compression strength analysis
in 3D-printed materials. Standardization of testing protocols, characterization methods, and material properties is crucial
for ensuring reproducibility, comparability, and edility of results. Furthermore, advancements in material science,
process technology, and computational modeling present exciting avenues for future research and innovation in additive
manufacturing.

In this context, this research paper aims to contributthe body of knowledge on compression strength analysis in
3D-printed materials using a Universal Testing Machine. By systematically varying printing parameters and conducting
experimental testing, we seek to elucidate the factors influencing comprestsgmgth and provide insights into
optimizing printing processes for enhanced mechanical performance. Through rigorous experimentation, analysis, and
discussion, we aim to advance the understanding and application of additive manufacturing in indhsirées
compression strength is a critical performance parameter.

In the subsequent sections of this paper, we will delve into the experimental methodology, results, and discussion of
our compression strength analysis, followed by a comprehensive condusimnarizing key findings, implications, and
avenues for future research.

[I. LITERATURE REVIEW

Additive manufacturing, commonly referred to as 3D printing, has revolutionized manufacturing processes across
diverse industries by enabling the rapid progwcof complex geometries and customized components. With the ability
to fabricate objects layer by layer directly from digital designs, 3D printing offers unprecedented design freedom,
reduced lead times, and enhanced-effgictiveness compared to tradital manufacturing methods. As the adoption of
3D printing continues to expand, there is a growing need to understand the mechanical propertjgindé@Materials
to ensure their reliability, durability, and performance in various applications.

This literature review provides a comprehensive overview of existing research on compression strength analysis of 3D
printed specimens using Universal Testing Machines (UTMs). By systematically reviewing relevant studies, we aim to
elucidate the factors influeing compression strength in 3Winted materials, identify research trends and gaps, and
propose avenues for future investigation.

1. Mechanical Properties of 3DPrinted Materials

The mechanical properties of 3inted materials play a crucial role inteamining their suitability for specific
applications. Understanding these properties is essential for designing functional parts and ensuring their performance
under various loading conditions. Several studies have investigated the mechanical prdpgRigsitted materials,
including tensile strength, flexural strength, impact resistance, and compression strength.

Ma et al. (2018) conducted a comprehensive review of the mechanical propertiepnt8d polymers. The study
highlighted the influencef@rinting parameters, such as layer thickness, infill density, and printing speed, on the tensile,
flexural, and compressive properties of-Bbnted polymers. The researchers emphasized the importance of optimizing
printing parameters to achieve desiredchanical performance in additive manufacturing applications.

In another study, Khorasani et al. (2017) reviewed the progress and challengepraft8® thermoplastic polymer
composites. The researchers discussed the effects of composite reinforsenteas fibers and particles, on mechanical
properties, including tensile strength, flexural strength, and compression strength. The study underscored the potential of
composite materials to enhance mechanical performance and expand the applicatiohaddifigeomanufacturing.

2. Compression Strength Analysis of 3BPrinted Materials

Compression strength, which measures a material's ability to withstand compressive loads without failure, is a critical
mechanical property for various applications, inahgdistructural components, lohgaring parts, and packaging
materials. Several studies have focused on analyzing the compression strengtiriofe8Dmaterials to understand their
behavior under compressive loading conditions.

Arif et al. (2020) investigted the compression strength of-BbBnted ABS (acrylonitrile butadiene styrene) parts using
experimental methods. The study explored the effects of printing parameters, such as layer thickness, infill density, and
print orientation, on compression strémgThe results showed that specimens printed with thicker layers and higher infill
densities exhibited higher compression strength, highlighting the importance of parameter optimization in additive
manufacturing.

Similarly, Chocron et al. (2019) evaluatdte compression strength of 3ibinted PLA (polylactic acid) specimens
using a Universal Testing Machine. The researchers investigated the influence of printing parameters, including layer
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thickness, infill density, and printing orientation, on compressimength. The study found that specimens printed with
higher infill densities and smaller layer thicknesses demonstrated higher compression strength due to improved material
density and intefayer adhesion.

3. Optimization of Printing Parameters for Enhanced Compression Strength

Optimizing printing parameters is essential for achieving desired mechanical properties, including compression
strength, in 3Bprinted components. Researchers have employed various optimization techniques, including experimental
design methodologies and computational simulations, to systematically study the effects of printing parameters on
compression strength and identify optimal parameter settings.

Hussain et al. (2018) applied the Taguchi method to optimize printing pararfieet8Bprinted ABS specimens. The
study focused on factors such as layer thickness, infill density, and print speed, aiming to enhance compression strength
and surface quality. By systematically varying printing parameters and analyzing their effeotegession strength,
the researchers identified optimal parameter settings for producingqbaity ABS components via additive
manufacturing.

In a similar vein, Tan et al. (2020) utilized computational simulations to optimize printing parametersgonted
carbon fibesreinforced PA66 composites. The study investigated the effects of printing speed, layer thickness, and fiber
orientation on compression strength and microstructure. By leveraging simulation tools, the researchers were able to
predict he effects of printing parameters on compression strength and optimize parameter settings to enhance mechanical
performance.

4. Future Directions and Challenges

While significant progress has been made in understanding and optimizing the compressitim strdBeprinted
materials, several challenges and opportunities remain. Standardization of testing protocols, characterization methods,
and material properties is essential for ensuring reproducibility, comparability, and reliability of results. Fughermo
advancements in material science, process technology, and computational modeling present exciting avenues for future
research and innovation in additive manufacturing.

Future research directions may include further exploration of advanced materitilsnatarial printing techniques,
and optimization algorithms to enhance compression strength and other mechanical propertigsraé8@omponents.
Additionally, efforts to develop predictive models and simulation tools can aid in optimizing pritiageters and
predicting material behavior, thereby accelerating the adoption of additive manufacturing in various industries.

In conclusion, this literature review provides a comprehensive overview of research on compression strength analysis
of 3D-printed materials using Universal Testing Machines. By synthesizing existing literature, identifying research
trends, and highlighting challenges and opportunities, this review contributes to the advancement of knowledge in
additive manufacturing and providedwable insights for researchers, engineers, and practitioners working in the field.

I1l. EXPERIMENTAL METHODOLOGY

The experimental methodology outlined in this section details the procedure followed to investigataphession
strength of 3Dprinted pecimens using a Universal Testing Machine (UTM). The study aims to analyze the influence of
various printing parameters, including layer thickness, infill density, print speed, and nozzle temperature, on the
mechanical properties of Polyethylene tereplatieaglycol (PETG) specimens fabricated using a Creality EBd& 3D
printer. The Taguchi method was employed to systematically vary these parameters and prepare nine specimens for
compressionesting. The experimental setup adheredh&IM D 695 standadls to ensure accuracy and consistency in
the testing process.

1. Material Selection and Preparation

The figure 1 show®olyethyleneTerephthalate GlycdlPETG) filament was selected as the material for 3D printing
due to its favorable mechanical propertiesjuding high tensile strength, durability, and impact resistance. The filament
was sourced from a reputable manufacturer to ensure quality and consistency in material properties.
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Figure 1: Polyethylene terephthalate glycol (PETG) Filament

Prior to prirting, the PETG filament was properly stored in a dry and-filest environment to prevent moisture
absorption and filament degradation. The filament diameter was measured using a digital caliper to ensure compatibility
with the 3D printer's extruder systerAny deviations from the specified filament diameter were noted and adjusted
accordingly.
2. 3D Printer Configuration

The experiments were conducted using a Creality EBd& shown in figure 23D printer equipped with a standard
hot endassembly and a hteal build plate. The printer was calibrated according to manufacturer guidelines to ensure
accurate extrusion, beevelling, and overall print quality.

The printer settings were configured based on the predetermined printing parameters, includingckagssthnfill
GHQVLW\ SULQW VSHHG DQG QR]]JOH WHPSHUDWXUH 7KH V-Cphé-fil€gJ VRIW
with the specified printing parameters for each specimen.

Figure 2: Creality Ende8 V2 3D Printer
3. Printing Parameter Variation
The Taguchi method was employed to systematically vary the printing parameters and prepare nine specimens for
compressionesting. The selected parameters and their respective freeds shown in table 1.
Table 1: 3D Printing Parameters

Printing Parameter | Level 1 Level 2 Level 3
Layer Thickness 0.16 mm 0.2 mm 0.28mm
Infill Density 80% 90% 100%
Print Speed 80 mm/s 90 mm/s | 100 mm/s
Nozzle Temperaturg = 230°C 240°C 250°C

The Table 2 shows each combination of printing parameters was assigniegie@ code to facilitate identification and

tracking during the printing and testing phases.
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Table 2: 3D Printing Parameters

Code | Layer Thickness | Infill Density | Print Speed | Nozzle Temperature
mm % mm/s °C
Cs1 0.16 80 80 230
Cs2 0.16 90 90 240
Cs3 0.16 100 100 250
Cs4 0.2 80 90 250
Cs5 0.2 90 100 230
Cs6 0.2 100 80 240
Cs7 0.28 80 100 240
Cs8 0.28 90 80 250
Cs9 0.28 100 90 230

4. Specimen Design and Printing

The specimens were designed in accordance WHBTM D 695 standards forcompressiontesting to ensure
consistency and accuracy in the experimental setup. The design included a standardized geometry with defined
dimensions, such as length, width, and thickness, suitable for tensile sesshgwn in figuré.

Figure 3:Compressiorspecimen (ASTMD 695
The CAD model of the specimeshown in figure 4was imported into the slicing software, where the printing
parameters were specified based on the Taguchi experimental design.cbbde fles generated by the slicing software
were tranferred to the 3D printer via SD card for printing.

Figure 4:Compressiorspecimen CAD Model
5. Printing Process
The printing process was conducted under controlled conditions to minimize variability and ensure repeatability across
specimens. The 3D printaras operated in a wellentilated area with stable ambient temperature and humidity levels.
Before initiating each print, the printer's build plate was cleaned and coated with an appropriate adhesive (glue stick) to
promote adhesion and prevent warpinge Phinting parameters were configured as per the Taguchi experimental design,
and the Gcode file corresponding to the desired specimen was selected for printing.
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During the printing process, periodic visual inspections were conducted to monitor priity qual detect any
anomalies or defects. Any issues encountered during printing, such as layer misalignment, extrusion problems, or
adhesion issues, were promptly addressed to ensure the integrity of the specimens.

Once the printing was completed, the spmns were carefully removed from the build plate and inspected for any
surface imperfections or irregularities. Any excess support structures or residue from the printing process were removed
using appropriate tools (sandpaper) to prepare the specimergagde testingThe compressiorspecimens printed from
3D printer are portrayed in figure 5.

Figure 5:Compressiorspecimen Prepared from 3D Printer

6. CompressionTesting Setup

The Compression Testing Setup is prepared next. The Universal Testing &@dfiM) is set up according to the
manufacturer's guidelines and specifications, and the appropriate compression testing fixture or platens are installed on
the UTM's load frame. The machine is calibrated to ensure accurate and reliable measurememess$ivennqrces. The
prepared specimens are placed on the compression testing fixture or between the platens, ensuring proper alignment anc
contact with the loading surfacefhe specimens were carefully positioned in the grips of the UTM, ensuring proper
aignment and orientation farompressiotoadingas shown in figure .6
7. Compression Testing Procedure

Compression Testing Procedure is then conducted. A compressive load is applied to the specimens using the UTM at a
constant loading rate specified by tlesting standard or experimental protocol. The applied force and deformation (e.g.,
displacement or strain) are monitored and recorded throughout the compression test using the UTM's data acquisition
system. The test continues until the specimen experidaiteie, characterized by visible deformation or fracture. The
maximum compressive force sustained by each specimen before failure occurs is recorded, along with any additional
parameters of interest, such as displacement at failure orstrassbehaior.

Figure 6:Compressiorspecimen Placed in UTM

National Conferencen t$GYDQFHG 7UHQGV LQ (QJLQ H HBL7Q6 7@iigariied By-RK ColléFekoRER@nReling




Rover Publications
United International Journal of Engineering and Sagences (UIJES)

An International PeeReviewed (Refereed) Engineering and Science Journal
Impact Factor:7.984(SJIF) Volumk Special Issu8; ISSN: :25825887

IV. RESULTS AND DISCUSSIONS

The compression strength analysis of@iihted specimens, conducted using a Universal Testing Machine (UTM),
yielded insightful results that shed light on the influenceririting parameters on the mechanical performance of the
specimens. The compression strength values obtained for each combination of layer thickness, infill density, print speed,
and nozzle temperature are summarized in the table above.

Upon examination fothe results, several trends and patterns emerge, highlighting the significant impact of printing
parameters on compression strength. These findings provide valuable insights into optimizing additive manufacturing
processes to achieve enhanced mechaprcglerties in 3Bprinted componentsThe failure ofCompressiorspecimes
are asshows in figure 7The figure 8 portrayed theompressiorstrength for different specimens.

Figure 7:Compressiorspecimes After Tensile Test
1. Effect of Layer Thickness

Layer thickness is a crucial printing parameter that influences the structural integrity and mechanical properties of 3D
printed parts. In this study, specimens printed with different layer thicknesses (0.16 mm, 0.2 mm, and 0.28 mm)
exhibited varying compression strength values.

For instance, at a nozzle temperature of 240°C and an infill density of 100%, specimens printed with a layer thickness
of 0.16 mm (CS3) demonstrated the highest compression strength of 38.8 N/mm?, folldegedlydoy specimens with a
layer thickness of 0.28 mm (€9 at 76.77 N/mmz2. Conversely, specimens printed with a layer thickness of 0.2 mm (CS
6) exhibited intermediate compression strength values (40.39 N/mm?).

These results suggest that finer layerkh&sses tend to promote better idggrer adhesion and structural integrity,
resulting in higher compression strength. This finding aligns with previous research by Chocron et al. (2019), who
reported that specimens printed with finer layer thicknesseibieed improved mechanical properties due to enhanced
inter-layer bonding.

2. Effect of Infill Density

Infill density, which determines the internal structure and density epi&ed parts, also plays a significant role in
compression strength. In this dy specimens with varying infill densities (80%, 90%, and 100%) were tested to assess
their impact on compression strength.

Notably, specimens printed with higher infill densities generally exhibited higher compression strength values across
all layer thtknesses and printing speeds. For example, at a nozzle temperature of 240°C and a print speed of 80 mm/s,
specimens with an infill density of 100% (&$ demonstrated the highest compression strength of 40.39 N/mmz2,
compared to specimens with infill densg of 80% (C$4) and 90% (CS).

This observation underscores the importance of infill density in determining the mechanical propertigzriofe2D
parts. Higher infill densities result in denser internal structures, which contribute to improveutdoind capacity and
compression strength. These findings are consistent with the study by Arif et al. (2020), who found that specimens
printed with higher infill densities exhibited enhanced mechanical performance due to increased material density and
suppat.

3. Effect of Print Speed and Nozzle Temperature

Print speed and nozzle temperature are additional parameters that influence the quality and mechanical properties of
3D-printed parts. In this study, specimens were printed at varying speeds (80 mm/s,s9@mai/00 mm/s) and nozzle
temperatures (230°C, 240°C, and 250°C) to investigate their effects on compression strength.

The results indicate that print speed and nozzle temperature have a nuanced impact on compression strength, with
optimal values depenatj on other printing parameters. For instance, at a layer thickness of 0.16 mm and an infill density
of 80%, specimens printed at a nozzle temperature of 240°C and a print speed of 100 mB)/eXbiBited a
compression strength of 38.8 N/mm2, the higla@sbng the tested conditions.
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These findings suggest that the interplay between printing parameters can influence compression strength, and optimal
parameter settings may vary depending on specific material properties and printing conditions. Theiefsseiitial
to consider multiple factors when optimizing additive manufacturing processes for enhanced mechanical performance.
4. Comparison with Previous Studies

The compression strength values obtained in this study are consistent with findings reppresdous research. For
example, Tan et al. (2020) investigated the effect of printing parameters on the mechanical propertipsiraé@D
composites and found that specimens printed with finer layer thicknesses and higher infill densities exhiiied sup
compression strength.

Similarly, Hussain et al. (2018) applied the Taguchi method to optimize printing parametersgont@d ABS parts
and observed that higher infill densities resulted in increased compression strength. These consistenadindsgs
different studies underscore the importance of printing parameter optimization in achieving desired mechanical
properties in additive manufacturing.

Figure 8 Compressiorstrengths

In conclusion, the compression strength analysis epB8ited sgcimens using a Universal Testing Machine (UTM)
provided valuable insights into the influence of printing parameters on mechanical performance. Fine layer thicknesses
and higher infill densities were found to enhance compression strength, while optimalspeieds and nozzle
temperatures varied depending on other parameters.

These findings underscore the importance of systematic parameter optimization in additive manufacturing to achieve
desired mechanical properties in -piinted components. By understamgl the effects of printing parameters on
compression strength and other mechanical properties, researchers and engineers can develop optimized printing
processes for various applications, ranging from aerospace and automotive to healthcare and coodsimer go

Moving forward, future research directions may include further exploration of advanced materialsnatedial
printing techniques, and computational modeling to optimize additive manufacturing processes and enhance mechanical
performance. By leveging experimental methodologies and analytical techniques, additive manufacturing can continue
to evolve as a transformative technology with widespread applications across industries.

VI. CONCLUSION

In conclusion, the compression strength analysisDepBnted specimens using a Universal Testing Machine (UTM)
revealed significant insights into the influence of printing parameters on mechanical performance. The results
demonstrated that finer layer thicknesses and higher infill densities generally leckdased compression strength,
while optimal print speeds and nozzle temperatures varied depending on other parameters. These findings underscore the
importance of systematic parameter optimization in additive manufacturing to achieve desired meptapectds in
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3D-printed components. Moving forward, further research should explore advanced materials and computational
modeling techniques to optimize additive manufacturing processes and enhance mechanical performance across various
industries.
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Abstract +This study investigates the micro hardness of 3printed spedmens using Vickers hardness analysis, examining
the influence of printing parameters including layer thickness, infill density, print speed, and nozzle temperature. Results
reveal significant variations in micro hardness values based on these parametensth finer layer thicknesses and higher infill
densities generally correlating with increased hardness. Optimal combinations of print speed and nozzle temperature were
identified to enhance material properties. The findings underscore the importance of dgsnatic parameter optimization in
additive manufacturing processes to achieve desired mechanical performance. This research provides valuable insights for
engineers and manufacturers seeking to improve the quality and reliability of 3frinted components a&ross diverse
applications.

Keywords+3D printing, additive manufacturing, Vickers hardness,printing parameters.

|. INTRODUCTION

Additive manufacturing, commonly known as 3D printing, has emerged as a transformative technology with
widespread applications across various industries, including aerospace, automotive, healthcare, and consumer goods.
Unlike traditional subtractive manufuring methods, which involve removing material from a solid block, additive
manufacturing builds thredimensional objects layer by layer from digital models. This Koyelayer fabrication
process offers unparalleled design flexibility, enabling thedpction of complex geometries and customized
components with ease [1].

One of the critical challenges in additive manufacturing is the characterization and optimization of mechanical
properties in 3Bprinted materials. Understanding the mechanical behafithese materials is essential for ensuring
their reliability, durability, and performance in reabrld applications. Among the key mechanical properties studied,
micro hardness plays a crucial role in determining a material's resistance to plastitatieh and wear [2].

Micro hardness testing provides valuable insights into the hardness distribution across the surface of a material,
offering a microscopic view of its mechanical properties. The Vickers hardness testing method, in particulary is widel
used for its ability to measure hardness accurately and reliably, even in small and thin samples [3]. By conducting micro
hardnesanalysison 3D-printedspecimensiesearchersanassesshe effectsof printing parametersn materialhardness
and identy optimal process settings for achieving desired mechanical properties.

In this context, this study aims to investigate the micro hardness -pfi8fe@d specimens using a Vickers hardness
testing apparatus. By systematically varying printing parametefs a&si layer thickness, infill density, print speed, and
nozzle temperature, the research seeks to elucidate the influence of these paoantie¢ensicro hardness of the printed
materials. The findings of this study will contribute to a deeper understpnfithe mechanical properties of glinted
materials and provide insights for optimizing printing parameters to achieve desired micro hardness values in additive
manufacturing applications.

In thefollowing sections, we will review relevaliteratureon additive manufacturing, micro hardness testing, and the
effects of printing parameters on mechanical properties. We will then describe the experimental methodology employed
in this study, present and discuss the results obtained, and cométhdenplications for future research and industry
applications.

[I. LITERATURE REVIEW
1. Additive Manufacturing and Mechanical Properties

Additive manufacturing (AM)alsoknown as3D printing,hasrevolutionized manufacturing processgsenabling the
fabrication of complex geometrieswith unprecedentedesignfreedom[4]. However,understandinghe mechanical
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propertiesof 3D-printedmaterialss crucialfor ensuringtheir reliability andperformancen variousapplicationsAmong
the key mechanical properties studied are hardness and microstructure, which play significant retiesninidg a
material's resistance to deformation and wear [5].

2. Micro HardnessTesting Methods

Micro hardness testing is a widely used technique for assessing the hardness of materials at a microscopic scale. The
Vickers hardness testing method piarticular, is commonly employed due to its ability to provide accurate and reliable
hardnessneasurements, especially in snadld thin samplefb]. Vickershardnessesting involvegpressing gyramidat
shaped diamond indenter into the surface of thiena under a specified load and measuring the resulting indentation
size to calculate the hardness value [7].

3. Effects of Printing Parameterson Mechanical Properties

Several studies have investigated the influence of printing parameters on the megirapiegles of 3Bprinted
materials, including hardness. For instance, Ma et al. (2019) explored the effects of printing parameters such as layer
thickness, infill density, and printing orientation on the micro hardness gfrBied polymer composites [8]he study
found that variations in printing parameters led to differences in material microstructure and hardness distribution,
highlighting the importance of parameter optimization for achieving desired mechanical properties.

Similarly, Zhang et al. (28D) investigated the effects of nozzle temperature and print speed on the micro hardness of
3D-printed metal parts [9]. The study revealed that higher nozzle temperatures and slower print speeds resulted in
increased material density and hardness duepicoved intedlayer bonding and reduced porosity.

4. Optimization of Printing Parameters
Optimizing printing parameters is essential for achieving desired mechanical propertiespint8d materials.
Various optimization techniques, including experimentadigle methodologies and computational simulations, have
been employed to systematically study the effects of printing parameters on hardness and other mechanical properties.
For example, Hussain et al. (2018) applied the Taguchi method to optimize ppatargeters for 3fprinted polymer
parts, aiming to enhance hardness and surface quality [10].
5. Future Directions

Despite significant advancements in ursi@nding the effects of printing parameters on material hardness, several
challenges and opportunities remain. Future research efforts should focus on further elucidating the underlying
mechanisms governing the relationship between printing parametersectthnical properties [11]. Additionally,
advancements in material science, process technology, and computational modeling present exciting avenues for
optimizing additive manufacturing processes to achieve superior mechanical performangaima&Dmagrials.

I1l. EXPERIMENTAL METHODOLOGY

The experimental methodology involved the preparation of 9 specimens with varying printing parameters, including
layer thickness, infill densityprint speed, and nozzle temperature, using gi3@er. Eactspecimen underwent Vickers
hardness testing according to ASTM E384 standard, with a force of 100 grams force applied for 10 seconds. Diagonal
lengths of resulting imprintwere measured for all specimens, with testing conducted under controlled roomateneper
conditions (21°C) and repeated in five rounds of recycling. This methodology aims to systematically evaluate the micro
hardness of 3iprinted specimens and provide insights into the mechanical propestiedditive manufactured
materials.

1. Material Selectionand Preparation

The figure 1 shows Polyethylene Terephthalate Glycol (PETG) filament was selected as the material for 3D printing
due to itsfavorable mechanical properties, including high tensile strength, durability, and impact resistandanems f
was sourced from a reputable manufacturer to ensure quality and consistency in material properties.

Figurel: Polyethylenderephthalatglycol (PETG)Filament
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