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Abstract

Additive manufacturing, or three-dimensional (3D) printing, has become a ground-breaking technology
that goes beyond conventional production methods. 3D printing is transforming a variety of industries,
including healthcare, aerospace, fashion, and automotive. It achieves this by layering materials to
create objects layer by layer with unmatched flexibility, precision, and customisation. This article
explores how 3D printing can change the way we manufacture solid 3D objects, as well as its uses,
advantages, and potential future developments His initial approach required heating photopolymers
with UV light in order to get the melting and solidification result. If someone loses their leg, we will be
able to print a replacement one layer by layer. In principle, that is possible. There are several
companies that offer 3D services to clients. Your design will be posted on the internet within a few
hours after its publication.
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INTRODUCTION
The technique of creating a three-dimensional (3D) object of any shape from a three-dimensional
(3D) model or other electronic data sources using additive processes in which successive layers of
material are laid down under computer controls is known as additive manufacturing, or 3D printing.
The first solid object printed from a computer design is widely acknowledged to have been created by
Hideo Kodama of the Nagoya Municipal Industrial Research Institute. Nonetheless, Charles Hull, who
created the first 3D printer in 1984 while employed by 3D Systems Corp., the company he formed,
usually gets credit for it. Stereolithography, a solid imaging technique, and the STL (stereolithographic)
file format, still the most popular format for 3D printing today were both invented by Charles A.
Alongside his discovery of 3D printing, he is also credited with initiating commercial fast prototyping.
His original method of achieving the melting and solidification result involved heating photopolymers
with UV light. Since Charles W. Hull of 3D
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Systems Corp. created the first 3D printer in 1984,
technology has advanced and these devices'
applications have grown, making them more and
more practical while also going down in cost. Rapid
prototyping is being used in many different areas of
human endeavour, including research, engineering,
the medical field, the military, construction,
architecture, fashion, education, and the computer
business, among many others. Fused Deposition
Modelling (FDM) is the word used to describe the
plastic extrusion process established by Stratasys in
1990 and is most commonly connected with the
term "3D printing”. Sales of 3D printers have
increased significantly since the turn of the twenty-
first century, and their cost has gradually decreased
as well. By the early 2010s, the terms additive
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manufacturing (AM) and 3D printing had evolved to serve as two different catch-also for AM
technologies. The media and consumer maker communities used one term informally, while industrial
AM end-user part manufacturers, AM machine manufacturers, and international technical standards
organisations used the other. The basic fact that all of the technologies are based on sequential-layer
substance addition/joining throughout a 3D operation environment under automated control is reflected
in both words.

Knowing Additive Manufacturing

The idea of additive manufacturing, which differs from subtractive techniques that involve removing
material from a solid block, is at the core of 3D printing. Rather, using computer-aided design (CAD)
software to develop digital design files, additive manufacturing constructs products layer by layer. After
being divided into thin horizontal cross-sections, these digital models are printed one after the other in
a variety of materials, including ceramics, metals, polymers, and even biological materials like living
cells.

Three-Dimensional Printing

Using additives, three-dimensional printing, sometimes referred to as additive manufacturing, is the
method of creating solid three-dimensional items from a computer model in almost any shape. This is
accomplished by forming specially prepared additives like plastics into successive layers of material
that are normally arranged in various shapes on a platform. Hideo Kodama of the Nagoya Municipal
Industrial Research Institute provided the first account of a printed solid model that was published in
1978. Charles W. Hull of 3D System Corp. invented the first 3D printer that was capable of printing in
1984. Naturally, early 3D printing was prohibitively expensive and unsuitable for the mass market.
However, as the twenty-first century progressed, prices fell precipitously, making 3D printers more
accessible. The development of 3D printing technology has made mass production possible.
Considering that the same controller will oversee both, you can boost production while using less
capital. This method is also being used in medical science. These futurists predict that in four to five
years, life as we know it now will hardly resemble anything thanks to 3-D printing. Likely, we will live
to be between 100 and 110 years old. According to technology trend specialist Jack Uldrich, "living to
110 won't be anything like living to that age today with bio-printed organs." "We can already print
human skin, kidneys, and a heart model. We will be able to print a new limb layer by layer if someone
loses theirs. It is conceivable in theory. There are numerous businesses that provide customers with 3D
services. Your design will be available in a few hours as they publish it to the website. Imagine being
able to print a solid thing from a computer-connected device. It has a Star Trek-like soundtrack.

CAD Three-dimensional Printing Model

In the 1980s, materials and equipment for AM were created. Two AM fabrication techniques for a
three-dimensional plastic model using photo-hardening polymer were developed in 1981 by Hideo
Kodama of the Nagoya Municipal Industrial Research Institute. The UV exposure area is regulated by
either a scanning fibre transmitter or a mask pattern. Subsequently, in 1984, Chuck Hull of 3D Systems
Corporation created a prototype system based on this method, called stereolithography, in which
photopolymers are cured with ultraviolet light lasers to add layers. Although Kodama had already
created this, Hull described the procedure as a "system for generating three-dimensional objects by
creating a cross-sectional pattern of the object to be formed." Hull is credited for creating the STL
(STereoLithography) file format, which is extensively used by 3D printing software. He also invented
the digital slicing and infill techniques that are used in many modern procedures. Originally, the phrase
"3D printing" described a method using both conventional and customised inkjet print heads. The
majority of 3D printers on the market today, particularly consumer- and hobby-oriented models, use
fused deposition modelling, a unique usage of plastic extrusion. An object can be created in three
dimensions by using additive manufacturing, commonly referred to as 3D printing, and a digital model.
Layer by layer, material is deposited until the object is finished. Although 3D printing has been used
for production and prototyping for decades, it has gained popularity recently for consumer goods and
personal use.
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Types of 3D Printing

3D printing technologies come in a wide variety, each having pros and cons of their own. Among the

most popular varieties of 3D printing are:

e FDM: The most popular kind of 3D printing is FDM. It is simple to use and reasonably priced.
Polymers, metals, and ceramics are just a few of the materials that FDM printers can print on.

e SLA: SLA creates prints that are smooth and of excellent quality. SLA printers cost more and
operate more slowly than FDM printers, nevertheless. Additionally, SLA printers can only print
plastic materials.

e SLS: SLS is an excellent option for printing robust and long-lasting components. Metals,
ceramics, and polymers are just a few of the materials that SLS printers can print on. SLS printers,
however, are pricy and need specific training to operate.

Advancements in 3D Microfabrication Using Ceramic Nanoparticles
Using Ceramic Nanoparticles in 3D Microfabrication Integration:

Ceramic nanoparticles have enormous promise for improving the functioning and performance of
microdevices because of their high strength, thermal stability, electrical insulation, and
biocompatibility. Researchers may precisely regulate material qualities, mechanical strength, and
surface characteristics at the microscale by utilising the special capabilities of ceramic nanoparticles in
3D microfabrication methods. Dongkeon Lee and colleagues studied the production of micro bevel
gears reinforced with ceramic nanoparticles using photosensitive resins. The ceramic nanoparticles are
mixed uniformly with the photosensitive resins to create the gears [1].

Methods for Using Ceramic Nanoparticles in 3D Microfabrication

Stereolithography (SLA): Photopolymerization is a widely used additive manufacturing process that
builds three-dimensional structures layer by layer from a liquid resin. High resolution and mechanical
integrity ceramic-based microstructures can be fabricated with SLA by adding ceramic nanoparticles to
the resin composition.

Direct Ink Writing (DIW): Using a nozzle to extrude viscoelastic ceramic nanoparticle inks, direct
ink writing—also referred to as robocasting or 3D printing—creates complex three-dimensional
structures. DIW provides accurate control over the deposition process by optimising the rheology of the
ink and the dispersion of nanoparticles. This allows the creation of intricate ceramic microarchitectures
with customised characteristics.

Use of Lasers in Microfabrication: Precise patterning and deposition of ceramic nanoparticles onto
substrates are made possible by laser-based microfabrication techniques like laser ablation and laser-
induced forward transfer (LIFT). Through the utilisation of laser energy, scientists may accomplish the
localised sintering of ceramic nanoparticle layers, which makes it easier to fabricate microscale ceramic
elements with superior structural integrity and resolution.

Advancing Surgical Precision with 3D Printing Technology

A new era of surgical innovation has been brought about by the convergence of technology and
medicine, with 3D printing emerging as a game-changing instrument in the medical sector. 3D printing
offers unique potential to improve surgical precision, efficiency, and patient outcomes, ranging from
pre-operative planning and patient-specific anatomical models to personalised implants and surgical
guidance. This article examines the various uses of 3D printing in surgery and emphasises how it has
the potential to completely transform both surgical technique and patient care. In support of the do-it-
yourself approach, Francisco et al. detailed the methodical and potential applications of 3D surgical
printing in preoperative planning of acetabular fractures, presenting a case of a 45-year-old with an
associated transverse fracture of the left acetabulum with multiple fragments from the posterior wall
and a posterior ipsilateral hip dislocation [2].
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METHODOLOGY
System Block Diagram
A system block diagram in Figure 1 shows the main parts of a system and their relationships to one
another graphically. The following elements could be found in a system block diagram related to 3D
printing:
o Computer: The computer is in charge of creating the digital model and layering the object to be
printed.
o 3D printer: Using the digital model, the 3D printer constructs the object layer by layer.
o Build platform: The surface where the object is printed is called the build platform.
o Material feed: The device that provides the 3D printer with the material to print is called the
material feed mechanism.
e Sensor: The sensor keeps an eye on the printing procedure and feeds back information to the
computer.
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i:igure 1. System block diagram of 3D Printer.

A sort of 3D printing technology called fused deposition modelling (FDM) melts and extrudes
thermoplastic filament using a heated nozzle. To make the required object, the filament is placed layer
by layer on a build platform. The conceptualization of the item that is to be printed is the first step in
the FDM 3D printing process. A computer-aided design (CAD) programme is used to design the object.
[3-5] After the object is designed, slicing software is used to divide it into layers. A G-code file, or
collection of instructions, is created by the slicing software programme and instructs the 3D printer on
how to manufacture the object. Next, the 3D printer is configured with the G-code file. The filament
will be extruded by the 3D printer once the nozzle has warmed up [6-8]. To make the object, the
filament is laid down on the build platform layer by layer. The object might require post-processing
after it is printed. Sanding, painting, or eliminating support structures are examples of post-processing
techniques as shown in Figure 2.

The system block diagram, explanation, and flow chart can all be combined to provide a thorough
methodology paper that goes into detail about the FDM 3D printing process. [9-10] People can utilise
this information to better understand 3D printing technology and how to use it to make products.

Applications
An object can be created in three dimensions by using additive manufacturing, commonly referred to
as 3D printing, and a digital model. Layer by layer, material is deposited until the object is finished.
There are numerous uses for 3D printing across numerous industries, such as:
¢ Manufacturing: Prototypes, customised parts, and whole items can be produced via 3D printing.
Itis especially helpful for producing delicate or complicated parts that would be costly or difficult
to make with conventional techniques.
e Medical: Custom prosthetics, dental implants, and other medical items are made possible by 3D
printing. Tissue and organs are also printed using this technology for medical and research
purposes.
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o Aerospace: Lightweight and sturdy parts for spaceships and aeroplanes are made via 3D printing.
Prototypes of new designs are also printed with it for testing and assessment purposes.

e Automotive: Prototypes and customised parts for vehicles and trucks are made via 3D printing.
Additionally, it is employed in the printing of manufacturing fixtures and tools.

e Construction: Walls, roofing, and furniture may be printed to order using 3D printing technology.
Prototypes of new ideas for construction and infrastructure projects are also printed using it.

YES

Figure 2. Flow chart of the working mechanism.

Additional uses for 3D printing encompass:

e Education: Engineering, design, and manufacturing courses are taught to students at colleges and
universities through the use of 3D printing. Prototypes and models for education are also made
with it.

e Art and design: Artists and designers utilise 3D printing to produce jewellery, sculptures, and
other artistic creations. Prototypes of brand-new designs and goods are also printed with it.

e Fashion: Custom clothes, shoes, and accessories can be made via 3D printing. Additionally, fresh
fashion design prototypes are printed using it.

The technology of 3D printing is evolving quickly, and new uses are always being found for it. It is
having a significant effect on how goods are created and produced, as well as how we live and work.

CONCLUSION

Additive manufacturing, or 3D printing, is a quickly developing technology that has the power to
completely transform a wide range of sectors. By applying material to a digital model layer by layer,
three-dimensional things can be created. Compared to conventional production techniques, 3D printing
offers numerous benefits, including the capacity to create intricate shapes, minimise waste, and
personalise goods. It is anticipated that 3D printing will have an even bigger impact on numerous
industries as technology advances. Examples of products that could be manufactured with 3D printing
include customised dwellings, medical implants, and novel food varieties.
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