
www.iejse.com� International Educational Journal of Science & Engineering [IEJSE] | 12

Copyright© 2026, IEJSE. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License which permits Share 
(copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-NonCommercial terms.

E-ISSN No : 2581-6195 | Volume : 9 | Issue : 3 | March 2026Engineering

Research Paper

“HOW 3D PRINTING IS SHAPING TOMORROW’S 
ENGINEER”

N. Ushasri1, S. Vrushitha1, J. P. Pramod2

How to Cite:
N. Ushasri, 

S. Vrushitha, J. P. 
Pramod (2026), 

“How 3d Printing is 
Shaping Tomorrow’s 

Engineer”, 
International 

Educational Journal of 
Science & Engineering 
(IEJSE),Vol: 9, Issue: 3,

12-25

1 B.E Student, 
Department of 

Electronics and 
Communications 

Engineering, Stanley 
College of Engineering 

and Technology 
for Women, Abids, 

Hyderabad, Telangana, 
India

2 Researcher, 
Department of Physics, 

Lincoln University, 
Malaysia.

ABSTRACT
New technologies such as 3D printing enable customized products and solutions (like your Isla!) to 
be built completely from your product designs as created through computer programs. In contrast to 
traditional methods of manufacturing (e.g., cutting, shaping, processing/manipulating materials to create 
something new from a previously made object), 3D printing is an additive process, making it possible to 
build objects from the ground up creating a much more exact and flexible design than traditional methods, 
and usually using much less time to produce the finished product than with traditional processes. The 
impact of 3D printing will extend to many different types of industries including automotive, medical, 
construction, aerospace, education, etc.

The use of 3D printing technology has become a crucial element in Engineering education as both 
an instructional tool and a way to connect theory and application of Engineering concepts. With the 
ability to create their Computer Aided Design (CAD) works into physical 3-dimensional (3D) objects, 
Engineering students can gain tactile experience with complex shapes, structures, and concepts. 
Additionally, the use of 3D printing technology permits students to gain experiential learning with 
regards to their design capabilities in the areas of CAD developing and material choices after using 3D 
Printing technology, as well as mechanical testing. Engineers-of-short develop critical thinking skills 
through prototype development and mechanical testing, increasing their ability to creatively apply their 
theoretical knowledge. Use of 3D printing technology allows for collaboration between Engineers of 
differing disciplines including mechanical, electrical, civil and computer Engineers, thereby fostering 
teamwork and creativity across the breadth of the project.

Aside from education, there are a number of other applications for how 3D printing can be used. The 
medical field utilizes 3D printing for a variety of products such as prosthetics, dental implants, and 
surgical preparation models. 3D printing also plays an important role in aerospace and automotive 
industries, as items made from lightweight materials tend to be more fuel efficient and less expensive 
than heavier counterparts created using traditional methods, due, in part, to the ability to create 3D 
shapes. The construction and architectural industry is able to showcase their capabilities through 3D 
printing by producing pre-fabricated models and complex architectural features. Artists and designers 
can create custom-made products through the use of 3D printing technology that would otherwise be 
difficult or impossible to achieve through traditional means.

One of the main benefits of 3D printing is its efficiency and sustainable nature due to the addition of 
materials being only done directly where it is necessary, and this leads to the creation of far less waste than 
traditional subtractive manufacturing processes. Furthermore, the use of localised, one-off productions 
of certain items reduces both mass-produced items (which need to be remotely manufactured, hence 
subject to large-scale transport) and therefore, the amount of energy consumed, and the associated 
environmental impact. The technology also enables rapid prototyping, which is defined as the quick 
iteration of designs and the testing of functional prototypes and is helpful in both academic institutions 
and industrial settings. 

KEYWORDS: Additive by Manufacturing, Computer-Aided Design (CAD), Customization, Digital 
Fabrication, Engineering in Education, Hands-On the Learning, Innovation, Interdisciplinary 
Collaboration, Layer-by-Layer Fabrication, Material Science, Product Development, Rapid Prototyping, 
Sustainable Manufacturing, Technology in the Education, The 3D Printing
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INTRODUCTION
3D printing has become an important part of the 
engineering education experience because it helps 
to provide new opportunities to engage in learning. 
Traditionally, engineering education has focused 
on theoretical knowledge, mathematical modelling 
and simulation, which means that it does not often 
give students any hands-on experience creating real 
physical products from their ideas. 3D printing helps 
to fill this gap by allowing students to convert their 
designs in the computer to models in the real world. 
Through the creation of 3D printed solutions, students 
can visualise their ideas; experiment with how things 
work; and gain a better sense of what it means to be 
an engineer in terms of the physical performance 
of a given product before it is manufactured. For 
example, mechanical engineering students can CAD 
model gears and then create functional 3D printed 
models with which to test the performance of their 
gear systems; whereas civil engineering students can 
design a building using CAD and then create 3D 
printed architectural models to evaluate things such 
as load distribution and how structurally sound their 
building is.

The emergence of stereolithography (an additive 
manufacturing process that uses 3D printing) 
represents one of the most crucial milestones in the 
evolution of the 3D printing process and its capabilities 
to manufacture 3D objects from the addition of layers 
of materials onto one another. Stereolithography was 
also the very first use of ultraviolet radiation used to 
cure layers of photosensitive liquid (photopolymer) 
into hard, solid 3D objects. Stereolithography 
allowed for the development of different types of 
materials (plastics, metals, ceramic, composite, and 
even biological materials) in 3D printed objects and 
continues to evolve from original uses in business 
and school settings to now widespread use across 
multiple business sectors. The ongoing growth 
of additive manufacturing technology is further 
proof that technological advancement provides the 
opportunity for the creation of innovative ideas and 
many different types of advances across various fields. 
The ability of manufacturing businesses to produce 
complex or customized products has made additive 
manufacturing superior to traditional manufacturing 
when it comes to creating new products, creating 
prototypes of new products, and producing low-

volume products in the manufacturing process.

The introduction of 3D printing into engineering 
education has transformed the way students engage 
with their studies, creating new avenues for hands-
on learning. Historically, students in the field have 
focused on acquiring predominantly theoretical 
knowledge; thus, they have had relatively few 
opportunities to gain real-life experience in design 
and production. Through the process of making 3D 
printed solutions, many students are able to develop 
an understanding of their ideas through visualization, 
experimentation and ultimately determining 
their viability as engineers in terms of the physical 
performance of products produced before they are 
manufactured. Students enrolled in mechanical 
engineering courses may use CAD to model gears 
and 3D print functional props with which they may 
test their gear systems; whereas, students enrolled 
in civil engineering courses could use CAD to 
design a building and 3D print a scaled model of 
that building to determine load distribution or to 
confirm structural integrity of their building design. 
Thus, students are able to develop strong critical 
thinking, active learning through the use of hands-on 
experience with real products, and problem-solving 
skills using newly developed technology, which they 
will utilize throughout their engineering career.

Furthermore, incorporating 3D printing into schools 
has a positive effect on fostering creativity and 
innovation of students. In traditional manufacturing 
processes, a designer or manufacturer typically has 
limitations on the designs of products because of the 
limitations associated with tooling, manufacturing 
methods, and materials used to build products. 
However, in the world of additive manufacturing, 
designers/students have the ability to try out many 
different design options; experiment with different 
types of designs: complex designs, lightweight 
designs, and different types of materials. Since 3D 
printing is additive, students can make, modify and 
quickly produce many different prototypes; therefore, 
creating an environment that supports a process for 
trying, developing, and refining through prototyping. 
Additionally, when using additive manufacturing 
there is a natural tendency for students from each of 
the engineering disciplines; mechanical engineering, 
electrical engineering, civil engineering, and 
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computer engineering to work together in teams to 
design, develop, manufacture and test engineering-
related projects. Schools providing students with 
interdisciplinary learning (learning opportunities), 
provide opportunities for students to work together 
(teamwork), collaborate, and create innovative 
products.

Non-educational industries are able to utilize 
3D printing for various production goals and 
applications. Medical applications include the 
fabrication of prosthetic devices that correspond 
with a patient’s unique body structure, dental 
implant production, surgical preparation models 
and tissue printing for surgical procedures, creating 
personalized surgical procedures, and tissue 
printing. Aircraft and automotive manufacturers 
use additive manufacturing techniques for creating 
lightweight, durable, and aerodynamic components 
to enhance manufacturing cost savings and efficiency 
of their products. Construction and architecture 
businesses utilize 3D printing to create scale models 
of their designs, use actual construction materials to 
ensure more accurate building and use of building 
material(s), and construct the designed project more 
efficiently and quickly than traditional manufacturing 
methods. 

Using 3D printing produces objectively verifiable 
advantages such as improved environmental 
awareness and decreased global footprint through 
the follow manufacturing processes have resulted 
in greater overall quantities of material ending up 
as unusable waste than other processes have done 
(for example producing a finished good from a 
piece of wood, through removal of mass from that 
wood until you arrive at your finished good leaves 
you with a large amount of unused). Virtually all 
mass is eliminated from the finished product when 
the product is designed and manufactured using 
Additive Manufacturing Techniques. Additionally, 
because you will always create your product locally 
and be able to complete all aspects of manufacturing 
locally—ie. assembling / packaging / shipping—
all energy use is greatly reduced and there is far 
less global footprint created during manufacturing 
than would otherwise occur with other types 
of manufacturing Often during rapid prototype 
(based on 3d printed prototype) development stage 

designers and engineers undergo a great deal of trial 
and improvement to ensure their desired design 
meets the required specifications while remaining 
cost effective. This rapid prototype development 
reduces both time and cost while greatly increasing 
the efficiency of resource utilization that allows for 
better results in both education and industrial.

There are challenges and limitations to utilizing 
3D printing technologies in addition to many 
benefits of using 3D printing technologies. 3D 
printing technologies require expensive high-quality 
equipment and specific types of materials, making it 
difficult for smaller organisations and some school 
systems to access 3D printers. Limitations also 
exist with regard to speed of printing, durability of 
materials used in printing, and size of printed objects 
but, particularly with regards to producing large-
size or load-bearing items. Also, use of 3D printers 
requires experience with CAD software, material 
properties, and the mechanical aspects of the printer 
which requires that students and professionals have 
proper training. Ongoing research and development 
is addressing these issues and expanding the variety of 
materials available, increasing the speed of printing, 
improving the accuracy of the prints and lowering 
the cost of using 3D printers which will ultimately 
help to make 3D printing technology more widely 
available to the general public.

3D Printing as Part of Engineering Education – 3D 
Printing has changed how students obtain and share 
knowledge in a College or University environment 
while also using that knowledge in hands-on and 
applied learning experiences. Students learn using 
3D printing technology will give them opportunities 
to participate fully in their projects through hands-
on work in design, model construction, and testing; 
thus providing students with the opportunity to 
develop greater creativity and measure, assess, and 
create with greater analytical capability. In addition 
to facilitating design, 3D printing technologies 
create better opportunity for spatial understanding 
for students to visualize and create 3 dimensional 
representations of mechanical design, structural 
and architectural concepts. By transforming digital 
design into real-life piece, students will be able to 
use experience learning to help them understand 
and retain abstract concepts and be more prepared 
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to enter into the design, manufacturing, research or 
innovation sector of the industry by being exposed to 
technologies used in those industries.

Due to developments in materials, manufacturing 
techniques, etc., there are many new ways to create 3D 
watches with continued advances within 3D printing. 
Integrating 3D printers into classrooms will not only 
broaden student understanding of engineering, 
but also stimulate creativity, experimentation, and 
model problem solving within an environment-
based educational system focused on developing a 
culture of curiosity, discovery, and experimentation. 
As more retailers sell 3D printers and therefore more 
schools begin incorporating these tools as part of 
their curriculum, there will be more opportunities 
and options to utilize 3D printing for educational 
purposes, as well as in many other fields.

REVIEW OF LITERATURE	
Additive Manufacturing (commonly known as 3D 
Printing) has changed the way we do manufacturing 
today. The process of additive manufacturing creates 
items that are made from digital files by adding 
material in layers to create the finished product. 
While additive manufacturing was initially used 
mostly for rapid prototyping, it is now widely used 
in many industries such as healthcare, aerospace, 
automotive, and education. There are many different 
methods of 3D printing that can be utilized based 
on the application and/or material used to produce 
the printed object. The most common method of 3D 
Printing today is Fused Deposition Modeling (FDM) 
Because it is inexpensive and simple to operate, FDM 
is a great option for use in rapid prototyping and in 
an educational environment. Some other examples of 
other types of 3D Printing include: Stereolithography 
(SLA) which produces highly accurate parts with 
excellent surface finish; Selective Laser Sintering (SLS) 
and Direct Energy Deposition (DED) can produce 
functional parts and large industrial components. 
When using 3D Printing methods there is a need to 
be certain that you choose the appropriate method 
for your application, desired level of accuracy, and 
mechanical characteristics needed.

3D printing has opened up an expansive list of 
new materials for 3D printing beyond simple 
thermoplastics (like PLA and ABS). Specialized 

applications will require the use of advanced material 
types such as metals, ceramics, composites and/or 
bio-compatible materials. Research performed at 
EPFL has demonstrated that vat photopolymerization 
has the potential to produce stronger than traditional 
metal parts manufactured via 3D methods (as 
much as three times stronger). Additionally, IIT 
Indore has been working on developing a new 
method of producing low cost, energy efficient, 
metal parts through micro-plasma metal additive 
manufacturing (MP-MAM). This technology could 
be used across a range of industries, including 
medical and aerospace applications. Continued 
development of new biopolymers and/or composite 
materials with improved mechanical properties and 
lower environmental impact is being conducted. The 
literature clearly states that new materials must be 
developed to increase the usability of 3D printers.

In various fields, 3D printing can be utilized to make 
parts and models for numerous benefit-oriented 
purposes. For example, in healthcare before a surgery 
occurs a full-scale 3D printed model of a patient can 
be printed using an MRI or CT scan of their anatomy 
as a guide by medical professionals during the actual 
surgical procedure itself when needed to help increase 
the accuracy of medical simulation(s).

Numerous research studies have shown that when 
practicing on 3D models prior to conducting real-life 
surgeries adds an additional level of realism or allows 
medical professionals to practice for the various 
complications affiliated with each individual surgery 
before actually performing it in real time.

In aerospace manufacturing 3D printing provides 
various benefits to manufacturers including the 
manufacturing of complex aeronautical structures 
consisting of multiple components by reducing the 
number of component parts therefore reducing the 
total weight of the product as compared to traditional 
methods while also optimizing the fuel consumption 
or efficiency of the aircraft itself.

Agnikul Cosmos has recently demonstrated the 
capability of 3D printing by producing the largest 
single component manufactured to date through 
the use of 3D printing which is a complete Thrust 
Chamber structure for a rocket engine manufactured 
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of Inconel, a revolutionary capability.

In addition, many traditional schools or institutions 
are now implementing 3D printing as part of the 
learning experience in the classroom via 3D printed 
physical models to illustrate abstract concepts/ideas 
introduced in STEM courses.

Furthermore, various research studies have reported 
that schools utilizing 3D printers produce improved 
outcomes associated with students engaging in 
kinesthetic learning opportunities as opposed to just 
traditional learning methods thereby encouraging 
students’ creativity.

3D printing contains multiple benefits but it faces 
several difficulties. The industry still faces material 
restrictions which include strength and toughness and 
processing requirements. The printed components 
require consistent quality control because machine 
calibration and ambient conditions and process 
parameters create challenges. Research focuses on 
using artificial intelligence and real-time monitoring 
systems to decrease defects while improving system 
reliability. The experts also point to another area 
of concern, namely environmental impact, since 
energy-intensive processing and waste of materials 
can cancel out some benefits against conventional 
manufacturing. Research indicates that using recycled 
materials and optimizing energy is crucial in order to 
enhance sustainability. The future research will focus 
on three areas which include material capabilities and 
process optimization and sustainability research. The 
3D printing industry will benefit from new advanced 
composites and bio-compatible materials and smart 
polymers. Machine learning together with artificial 
intelligence enables better accuracy and reduced 
error rates and enhanced operational efficiency. The 
3D printing industry needs to adopt sustainable 
methods which include energy-efficient equipment 
and recycled filaments and optimized manufacturing 
processes to achieve lower carbon emissions.

REASONS 	
1. Design Flexibility
The fact that 3D printing has the flexibility of design 
is one of the reasons why the technology is being 
utilized. It is hard (or impossible) to create shapes 
using traditional manufacturing techniques because 

of their limitations in creating complex shapes, 
internal structures, and overhangs, but with the use 
of additive manufacturing, products can be created 
layer by layer, allowing designers to create shapes 
that are too complicated to create using traditional 
manufacturing alternatives or would cost more to 
make using other existing alternatives. The creation 
of complex shapes is very important in the aerospace 
and automotive sectors because of their need to have 
structures that have the lowest weight possible while 
optimizing their performance. It has been shown in 
many studies that the design flexibility offered by 3D 
printing will not only improve the functionality of a 
product but will also spark innovations in engineering 
and architecture.

2. Customization and Personalization
3D printing provides a significant advantage through 
its ability to create customized products. The 
technology enables manufacturers to print products 
that are made according to individual specifications 
without the use of special molds or tooling. In 
medicine, this makes it possible to produce patient-
specific implants, prosthetics, and surgical guides 
for improved comfort and medical results. The 
manufacturing process of personalized jewelry 
and shoes and glasses allows businesses to create 
customized products which meet specific customer 
preferences. The ability to create one product or a 
few products at a time makes 3D printing systems 
important for businesses that need to create custom 
products

3. Rapid Prototyping and Product Development
The capability to produce goods quickly is critical for 
today’s manufacturers, and 3D printing can greatly 
help in this area. Rapid prototyping helps designers 
and engineers create prototypes for testing and/
or evaluation and then make changes within days, 
rather than weeks or months—thus reducing the 
overall time required to create a product. The rapid 
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cycle of improvement helps to increase efficiency 
and decrease the cost of new products entering the 
marketplace. Most organizations are employing this 
technology as a tool to enhance innovation and 
sustain a competitive edge in product design speed.

4. Cost Efficiency
Additive Manufacturing (AM) is an attractive 
and cost-effective alternative to conventional 
manufacturing techniques for the production of 
products in small series or for the production of low 
series of units. Unlike conventional manufacturing 
techniques that require high costs of molds and 
relatively time-consuming assembly processes, 
the AM manufacturing technique requires the 
production of a unit using only the material 
required for the production of the unit, thus 
conserving both waste and total production costs. 
Furthermore, designs that require a number of 
steps for assembly in conventional manufacturing 
techniques can be produced from a single 3D printed 
component. Recent studies have shown that additive 
manufacturing is often more economical than 
conventional manufacturing techniques to provide 
greater flexibility in the production of low series or 
highly customized applications.

5. Material Versatility
3D printing has moved beyond the 3D printing of 
plastics and often involves many other materials 
that can be 3D printed, such as metals, ceramics, 
and composites. As the number of materials that 
can be used increases, companies will be able to 
choose from a wider range of materials to suit their 
needs. An example of this is that while the aerospace 
industry uses a lot of metal 3D printed parts that 
are lightweight yet strong, medical researchers are 
increasingly using bio-inks to build tissues through 
tissue engineering. The rate of growth of 3D printing 
has been mainly due to the increased number of 
materials that can be printed using a 3D printer.

6. Accessibility and Sustainability
The availability and potential of 3D Printing for 
sustainable manufacturing is recognized under 
various names. Organizations, startups, colleges, and 
so on can now have access to the resources required 
to apply 3D Printing Technologies, without the need 
to establish large factory setups. Local manufacturing 

decreases reliance on large supply chains, and enables 
manufacturing as and when required.Such properties 
of 3D Printing make it a suitable and environmentally 
friendly choice for Modern Manufacturing.

MEASURES
3D printing, a form of additive manufacturing, 
is a modern technique where a physical, three-
dimensional object can be produced from a digital 
file, specifically a computer-aided design (CAD) file. 
The unique method of creating a finished object by 
adding materials (layer by layer) to form a desired 
object enables endless variations in shapes, sizes, and 
designs. On an industrial scale, 3D printing is widely 
adopted in engineering, medicine, construction, 
automotive, aerospace, and schooling industries 
among many. Yet, many common 3D printing 
problems are a result of the absence of proper 3D 
printing practices. The first of the 3D printing 
practices is developing an adequate design of the 
object to be printed in the form of a CAD file. The 
design must be accurate, precise, and error free. The 
design must be dimensioned, and all its components 
evaluated to confirm that design is accurate.  The 
printed object can be easily damaged if it has an 
imbalance walls, or design contains smudges, less 
or more measurements. Designers must take the 
design/model to the STL format (which is the type of 
file 3D printers will recognize). Before 3D printing, 
designers ought to review the design again to confirm 
that all needed/included features are in place.

Selecting the appropriate material is also an important 
consideration in regards to your 3D printed object/s 
as there are many different types of material available 
for 3D printing (e.g. PLA, ABS, PETG, nylon, 
resin & metal powders) and each has its own set of 
properties. In particular, PLA is easy to use and ideal 
for novice to 3D printing, ABS is much stronger 
than PLA and has greater resistance to heat, while 
resin allows for fine detail with a very smooth finish, 
therefore, depending on what you are trying to create 
will help you determine the type of material you 
should opt for to create your object/s. For example, 
if you are manufacturing a medical model you will 
need to consider safety (biocompatibility), whereas 
if you are building mechanical parts then strength/
durability will be a key factor in your choice of the 
type of material.
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Calibration is also critical for any printer to work 
properly, as it needs to have appropriate settings 
before any printing is done. The first, and most critical, 
step will be to level the print bed. If not done so, the 
print will likely not stick to the plate and will fail. 
The height of the nozzle and the proper extrusion of 
material will also determine the success of the print. 
The temperatures of both the nozzle and the bed need 
to be set in accordance with the material being used 
to print. Properly calibrating before printing will help 
ensure the print adheres to the bed and is accurate, as 
well as have overall quality.

Slicing settings also play a major role in 3D printing. 
The slicing software will convert an object’s digital 
model into the instructions used by the printer. The 
parameters used to create the slice will include; layer 
height, print speed, infill density, shell thickness and 
types of support structures. A lower layer height 
will produce a smoother finish on the surface of the 
print but take longer to print the object. If the print is 
produced too quickly, then the quality will be reduced. 
The density of the infill will help determine the 
strength of the printed object. The greater the density 
of the infill, the stronger the object will be; therefore, 
will require more material. Support structures are 
also required for areas that will overhang and need 
to be supported so the print will not collapse during 
production.

Table 1: Important Measures in the 3D Printing 
Process

Measure Main Focus Why It Is Important
Design 
Preparation

Creating accurate CAD 
model and converting to 
STL format

Prevents design errors 
and ensures smooth 
printing

Material 
Selection

Choosing suitable 
material like PLA, ABS, 
Resin, Nylon

Determines strength, 
durability, and surface 
quality

Printer 
Calibration

Bed leveling, nozzle 
height, temperature 
settings

Ensures proper 
adhesion and reduces 
print failure

Slicing 
Settings

Layer height, print 
speed, infill, supports

Controls strength, 
surface finish, and print 
time

Safety & 
Maintenance

Avoid hot parts, clean 
nozzle, store filament 
properly

Prevents accidents 
and increases printer 
lifespan

Quality 
Control

Inspecting for defects 
and post-processing

Ensures final product 
meets required 
standards

Printing processes are influenced by environmental 
factors. Printers should be installed in areas that have 
stable bases with no vibration. Vibrations and sudden 
movements will have a detrimental affect on printer 
accuracy. Additionally, both the temperature and 
humidity of the environment should be controlled 
- this is particularly true for materials such as ABS 
which can warp due to low ambient temperature 
during printing. Proper ventilation is critical to allow 
for the escape of fumes released during printing of 
certain types of filament. Also, dust contamination 
is prevented when an organized work area is 
maintained.

Always adhere to safety guidelines.  The nozzle and 
the print bed reach extreme temperatures when 
operating.  If touched directly by skin while printing, 
a burn injury will occur.  Users should refrain from 
contact with both of these parts while prints are 
occurring.  Electrical connections must be inspected 
frequently to ensure proper working order and to 
protect from an electrical short circuit.  The printer 
should always be kept out of the range of children 
or pets.  While using a resin printer, users must wear 
gloves and masks to avoid direct contact between the 
skin and the printer as well as to reduce the likelihood 
of breathing in the vapors emitted during printing.

Another important safety measure for 3D printing is 
routine maintenance.  Cleaning out your nozzle on a 
regular basis can avoid clogging.  To help maintain 
quality of the printed product, users should keep 
filament stored in a dry area to prevent moisture from 
being absorbed by the filament.  Belt tension, rod 
tension, and all moving parts of the printer should 
be checked regularly and adjusted as needed.  Oiling 
mechanical components will also create a smooth 
operation of the printer.  Updating the printer’s 
firmware and/or software will help improve the print 
process and correct many technical issues.

The manufacturing process of an item has a quality 
inspection process which is actually performed after 
the product has been manufactured. This includes 
checking for defects like warping, cracks, or layers 
separating as well as checking the product’s dimension 
to ensure that they correspond with the print file. 
The type of post-processing (sanding, polishing, 
painting, etc.) that will be applied to improve the look 
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of the product and enhance its strength will depend 
on the type of defect found in the printed object. 
Properly conducting a quality inspection is essential 
to ensuring that the finished product meets quality 
standards and performs as intended.

Energy efficiency and sustainability should also be 
considered. Using recyclable materials and reducing 
waste helps protect the environment. Efficient use of 
material and electricity reduces overall cost. Proper 
disposal of failed prints and leftover materials is 
necessary to maintain environmental safety.

Both documenting and keeping records are also 
useful actions. Keeping detailed records of the 
material used, settings (like temperature), layers, and 
print times will allow for the same successful prints 
to be made again as well as help avoid making the 
same mistakes in future projects. Writing down all 
notes will aid you in developing skills and working 
more efficiently throughout your career.

CHALLENGES
3D printing (a.k.a. additively manufactured) is one 
of the top tier newer technologies within today’s 
engineering and manufacturing industry. It provides 
the ability to manufacture objects through layer by 
layer assembly from a digital file. 3D printing has 
many advantages such as the ability to manufacture 
on-demand, create one-off prototypes, and allow 
for quickly altering designs but there are several 
challenges that impact efficiencies, costs, qualities 
and broad scale industry acceptance for 3D printing, 
which are outlined below.

1. Material Limitations
Material availability is one of the main hurdles 
for many users of 3D printing technologies today. 

Many different types of materials can be used with 
3D printers including plastic (PLA or ABS), metal, 
ceramic and composite materials (que) but each 
may not offer sufficient mechanical strength, heat 
resistance or durability when used in a heavy industry 
environment.

As an example, many plastic materials will not hold 
up under high temperatures or extreme loads; metal 
can be printed but is very costly and will need to be 
made in sterile and controlled environments, and 
even materials that are suitable to print often require 
some type of additional post-processing (such as 
heating or polishing), which results in longer lead 
times and higher costs.

Also, some materials used to make things out of 3D 
printing can be recycled, but many people use bad 
waste materials like 3D printing resins and plastics. 
Non-recycling of these materials can lead to more 
pollution in our environment; so, research will always 
continue on creating materials that are biodegradable, 
better for the environment, high-performance, and 
will create better quality items while helping with 
sustainability, along with minimizing the effects of 
3D printing to the environment as a whole.

2. Dimensional Accuracy and Quality Control
Another big challenge is preserving dimensional 
accuracy, as even a slight variation in temperature, 
printer calibration, or material flow can alter the final 
product. These types of issues (warping/ shrinkage/ 
cracking/ layer misalignment) may exist and appear 
during the printing phase of creating an object.

In sectors like aerospace and healthcare, dimensional 
error as small as 1 mm could cause major safety or 
performance concerns for the industry. Therefore; 
it is very difficult to provide consistent quality in 
3D printed objects due to the requirement that the 
objects be printed using various layers.

Q/A for this section: Quality goes beyond the 
visual inspection of parts manufactured using 3D 
printing as all of the manufacture occurs one layer 
after another. Therefore, defects may be present 
inside of the part, but will not be seen externally. 
Advanced monitoring/ inspection systems and 
develop monitoring capabilities must be provided 
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throughout the design/ materials and manufacture of 
a 3D printed object.

3. High Cost of Equipment and Materials
Another main limitation of 3D printing tech is the 
high price point of equipment when compared to 
other production methods; especially industrial 
quality printers, as these can be very costly. The 
costs associated with operating a 3D printer (in 
terms of material, maintenance and machine costs) 
can quickly add up in comparison to an industrial 
machine. Although there are many reasons (including 
waste reduction) that make the use of 3D printing 
for creating products such as prototypes and small-
scale production viable economically, there may 
not be cost savings associated with large-scale, mass 
production when compared to traditional production 
processes such as injection molding. Because of the 
cost associated with owning and/or operating an 
advanced 3D printing system, small businesses and 
schools may have difficulty gaining access to these 
technologies.

4. Slow Production Speed
Another issue is production speed. Because 3D 
printers make components via layering, they can take 
a lot of time to produce large or complicated items. 
For example, it can take multiple hours/days to print 
a large mechanical part.

In traditional manufacturing processes, you can 
produce thousands of parts quickly as soon as the 
tooling is completed. As a result, 3D printing is not a 

good alternative for making a large number of items.

Slow print speeds will also affect productivity in 
industries that have a need for quick deliveries.

5. Surface Finish and Post-Processing
To enhance the surface finish and mechanical 
attributes of most 3D-printed items, post-processing 
methods will be needed. The finished 3D-printed 
part’s surface will typically contain visible lines from 
the layers and the surface will be rough.

In order to have a smooth surface finish, the 
3D-printed part must first be sanded, polished, 
painted or subjected to heat treatment. These post-
processing procedures increase the labour cost and 
the time to manufacture the 3D-printed part.
For metal 3D-printed parts, machining or stress-relief 
treatments would generally be considered necessary 
forms of post-processing to increase strength and 
dimensional accuracy.

6. Environmental Concerns
3D printing uses significantly less material than 
subtractive manufacturing; however, it also uses a lot 
more electricity while operating as most prints take a 
long time to produce.

Waste can be generated from failed prints, or failed 
prints that have support structures or unused 
materials.

Many plastics used for 3D printing do not decompose 
naturally, which may cause harm to the environment.

Sustainable production of 3D printed items and the 
existence of proper recycling systems will be necessary 
to reduce 3D printing’s impact on the environment.

Energy efficient printers and environmentally 
friendly filament can be beneficial to sustainability in 
3D printing.

7. Technical Expertise and Skill Requirements
To understand the world of 3D printing you need 
to have some technical understanding of CAD, 
printer parameters, materials, printing and the 
post-processing of a material. Without the correct 
training, when printing, the user will face issues 
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such as incorrectly set parameters, a lack of adhesion 
between layers, or incorrect design. 

Many industries require trained personnel who have 
knowledge from both the software and hardware 
sides of 3D printing. Without trained individuals, 
many companies are limited in how they can use 3D 
printing technology.

To help students develop this knowledge, colleges and 
universities need to offer students thorough training 
and hands-on experience in additive manufacturing 
(3D printing).

SUGGESTIONS 
1. Proper Design Preparation
Preparing a precise document is critical before 3D 
printing. CAD should be used to create a clean and 
precise model before printing any object. Precise 
measurement, dimensional accuracy, and thickness 
of walls are all very important elements of the design 
phase. If the design has inadequacies, there will also 
be problems with the object that was created from 
the design. If you are going to attempt 3D printing as 
a beginner, start with a basic design, not an advanced 
design. The presence of thin walls, sharp corners and 
unsupported overhanging areas on the object could 
result in failure or breakage during printing. Prior 
to converting the model file to STL for printing, all 
model files must be checked for the presence of gaps 
or overlapping surfaces..

2. Choosing the Right Material
Choosing the right type of material is critical 

when performing successful 3D printing. Different 
materials have unique characteristics. The most 
common materials are PLA, ABS, PETG, resin, and 
nylon. PLA is a good option for novice users since 
it is a very easy material to use. ABS is the strongest 
of the common materials and has a high tolerance 
for heat. PETG can be both strong and flexible and is 
therefore used in many applications. Resin can create 
a smooth surface finish and very high detail. When 
selecting a material, you must take into consideration 
your intended use of your printed part. For instance, 
if you want to print a decorative piece, you can use 
PLA; however, if you want to print a functional/
movable part, then you will need a stronger material, 
such as ABS or PETG.

3. Proper Printer Calibration
For printing to go smoothly, the printer should be set 
up properly. Calibrating the bed is very important; if 
the print surface is not level, the first print layer will 
not stick to it resulting in possibly total fail of print 
job. Adjust the height of nozzle properly. Also ensure 
the settings for nozzle and heated bed are correct for 
the type of material being printed. Good calibration 
provides a better surface to create an accurate print 
with less trouble during the printing process.	

Table 2:  Important Suggestions for Successful 3D 
Printing

Measure Main Points Included Importance
Design 
Preparation

Use CAD software, 
check dimensions, avoid 
thin walls, convert to 
STL

Prevents defects and 
ensures accurate 
printing

Material 
Selection

Choose suitable material 
like PLA, ABS, PETG, 
Resin, Nylon

Provides required 
strength, flexibility, 
and finish

Printer Setup 
& Calibration

Bed leveling, nozzle 
height, temperature 
settings

Improves adhesion and 
reduces print failure

Slicer Settings 
& Print 
Planning

Adjust layer height, 
speed, infill, supports, 
preview model

Controls quality, 
strength, time, and 
material usage

Safety & 
Maintenance

Avoid hot parts, check 
wiring, clean nozzle, 
store filament properly

Prevents accidents 
and increases printer 
lifespan

Quality 
Check & 
Environmental 
Care

Inspect defects, post-
processing, reduce 
waste, use recyclable 
materials

Ensures product 
standards and 
environmental 
responsibility
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4. Adjusting Slicer Settings
Slicing software is required to be able to create a 
physical object through 3D printing. It takes an object 
that exists in 3D space (for example a digital file) and 
develops a set of instructions to allow for the creation 
of that object in physical form using 3D printing.The 
parameters of the slicing process are outlined below:

•	 Layer Height (the thinner the layer, the better the 
quality of the print).

•	 Print Speed (if you set the print speed too high, it 
will negatively affect the quality of your finished 
print).

•	 Infill Density (the amount of infill will affect the 
strength of the finished product).

•	 Support Material (used when printing 
overhanging features).

By modifying these different parameters, it is possible 
to make a noticeable change in the quality of the final 
product you will receive.

5. Maintaining Proper Environment
Print Quality is also affected by the environment 
in which your printer is located. The printer will 
work best on a stable surface free of vibrations. If 
you make sudden movements while the print head 
is moving, this will adversely affect your final print. 
The temperature of the room where the printer is 
located should be stable, especially for printing with 
materials like ABS that can warp in cold air. Proper 
ventilation is needed when printing with some 
materials as they can give off fumes during printing; 
also, having a clean workspace will help you avoid 
dust or contamination while your prints are being 
created.

6. Following Safety Measures
3D printers require you to take precautions for your 
safety when using them; for example, the print bed 
and nozzle of the printer heat up during printing and 
will burn your hand if you touch them. You must 
check the printer’s electrical wires often to ensure 
that they are not shorting together. The printer 
should also be kept out of reach of children and pets. 
If you use a resin printer, you should also wear gloves 
and a mask while using it to avoid getting resin on 
your skin and/or breathing in harmful vapours. Last, 
you should always turn off the printer after you are 
finished using it.

7. Regular Maintenance of Printer
In order to prolong their usefulness over time, printed 
products must receive proper routine maintenance. 
To minimize the chances of blockages, you must clean 
out the nozzles. Store your filaments in a dry area 
to prevent the filaments from absorbing moisture. 
Moving parts (belts, etc) should be examined and re-
tightened if required. The lubrication of mechanical 
components allows for more fluid motion. Updating 
software/firmware will enhance performance while 
reducing (or eliminating) technical difficulties.

8. Testing and Quality Checking
Evaluate any type of defect such as cracks, warping, 
and layer separation when checking a printed part 
after it has been processed. You can check to see if 
the printed part meets the required dimensions for 
accuracy. At this stage you may want to perform 
some post-processes on the printed part including 
sanding, polishing, and painting etc.. By testing the 
printed part you will confirm that it meets the design 
requirements and performs the intended purpose or 
use of the part.

9. Time and Material Management
Proper planning of a print will save you on waste of 
both time and materials. If a print is complex or large, 
you are often investing hours to complete the print. If 
you preview of the print in the slicer, you may be able 
to identify and correct errors in your print prior to 
beginning the actual print. By using the proper infill 
and support settings, you will save on the amount of 
material used during the print. Keeping track of all of 
the settings used will assist with reprinting successful 
prints multiple times.

10. Environmental Responsibility
Trying to reduce our impact on the environment 
is one of the most important considerations when 
using 3D printing technology. One way to do this is 
to use recyclable or biodegradable materials such as 
PLA wherever possible. Reducing pollution is one 
way we can all work together for a cleaner planet. It 
is essential to verify that the design is correct before 
printing, as this will limit the possibility of an error 
and wasted filament. Proper disposal of failed prints 
is also necessary, along with recycling whenever 
possible. Reducing electricity consumption through 
energy-efficient printer operation will result in lower 
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costs for all users and protect our environment by 
using less energy overall.

CONCLUSION 
Additive manufacturing, often referred to as three-
dimensional (3D) printing, is revolutionizing fields, 
science, and education through new and innovative 
methods of developing or creating a customized 
product produced in layers via a computer-aided 
design (CAD) file. Although the use of 3D printing 
for rapid prototyping has developed into a versatile 
production system used in a variety of industries 
(specifically; medical, aviation and aerospace, 
automotive, consumer products, & educational), 
the impact of 3D printing is best demonstrated by 
conducting evaluations of both the technical and 
operational characteristics of additive manufacturing 
technologies and processes.

The primary benefit of 3D printing technology 
stems from its ability to provide designers and 
manufacturers with unrestricted creative possibilities 
in their work.3D printing allows designers to 
create extremely complex products which contain 
intricate internal structures and lightweight strong 
components whereas traditional manufacturing 
methods limit output because they depend on specific 
equipment and cutting techniques. The evolution of 
work areas such as aerospace engineering emerged 
from this capability which enables engineers to reduce 
aircraft weight while maintaining their necessary 
structural integrity.Through additive manufacturing 
techniques lattice structures and hollow components 
enable the creation of lightweight aircraft and space 
products which result in decreased operational 
expenses and decreased environmental pollution. 
The field of medicine uses this design flexibility to 

create customized prosthetics and surgical guides 
and implants which improve clinical outcomes while 
providing doctors with tools to adapt treatments to 
their patients’ specific needs thus demonstrating how 
the technology benefits society.

3D printing technology provides its users with 
customized production capabilities which serve as 
its main distinguishing feature when compared to 
traditional manufacturing methods. The system 
enables businesses to manufacture their specific 
needs through its ability to create custom products 
which operate at maximum efficiency and deliver 
extensive advantages to both industrial users and 
individual customers. Digital scanning and additive 
manufacturing enable the creation of patient-specific 
medical treatments which use precise anatomical 
replicas for implant and prosthetic design. Consumers 
can design their own footwear glasses and jewelry 
because manufacturers use 3D printing technology 
to create customized products without needing to 
operate mass production facilities or create specific 
moulds. Product customization according to 
individual customer needs produces better customer 
satisfaction results while small manufacturers and 
niche markets benefit from this production method 
which enables them to deliver affordable products 
through limited area distribution.

Another significant benefit of 3D printing is the 
fast-tracked development of products through rapid 
prototyping. The conventional method of prototyping 
is a lengthy process and consists of several stages of 
tooling and complicated manufacturing processes 
that take a considerable amount of time and effort. 
Additive manufacturing has significantly minimized 
these stages to a large extent by enabling designers and 
engineers to rapidly develop prototypes of products 
designed through computer-aided design (CAD) 
software in a matter of a few hours. Rapid prototyping 
has enabled faster testing, analysis, and optimization 
of products, thus shortening the time-to-market. 
Organizations that implement 3D printing in their 
product development activities can rapidly react to 
market requirements, test new product designs, and 
commit fewer mistakes before embarking on mass 
production. This has been an “almighty” benefit for 
high-tech companies, where the capability to make 
intelligent prototyping decisions has been the key 
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differentiator in sustaining a competitive edge.

Over the last several years, there have been 
tremendous advances in the capability to use 
flexible materials in 3D printing. In the past, only 
thermoplastics (such as PLA and ABS) could be 
used for additive manufacturing; now there are 
also a wide range of other materials available to 
engineers and researchers to allow them to select a 
specific type of material for their design/production 
needs, including metals, ceramics, composites, and 
biocompatible materials. An excellent example of 
how metal 3D printing allows for the production of 
complex aerospace components that were previously 
only possible to create using traditional methods is 
through the development of aerospace parts that 
can’t be made with conventional means. Similarly, 
3D printing with bio-inks and the development of 
tissue-engineered constructs have revolutionized the 
fields of medical research and regenerative medicine 
by providing scaffolds for the growth of cells or 
developing organs.

Although 3D printing offers numerous advantages; 
there remain several challenges to overcome before 
fully utilizing the benefits of 3D Printing technology. 
These concerns are due primarily from limitations 
associated with the materials used; variability in the 
methods/ processes by which they are manufactured; 
high cost(s); and the potential side effects to the 
environment. To maintain proper dimensional 
accuracy, and continue to receive consistent quality 
from print-to-print requires dimensional accuracy, 
particularly with regards to the manufacture of 
functional parts for use within the aerospace, 
biomedical, and automotive industries. Additionally; 
the industrially scalable mass uptake of 3D Printing 
may be limited by the total cost of equipment; material 
cost(s); and energy consumption(s) required. Further 
experimental research & development efforts will be 
needed within the area(s) of developing materials; 
improving existing processes; and implementing 
environmentally friendly practices, all of which are 
critical in establishing long term, consistent, and 
sustainable use(s) of 3D Printing technologies and 
their associated processes

Technical knowledge and skills of the workforce are 
also a requirement to ensure successful adoption of 

additive manufacturing. Designers, engineers, and 
technicians require a solid ability to understand 
CAD models as well as how to operate the printer, 
how the various materials will behave and how to 
utilize various post processing techniques to achieve 
optimal results. Educational institutions and training 
programs will help develop professionals of the future 
so they may utilize the full capabilities offered by 
3D printing. Education and research using additive 
manufacturing will also instigate imagination, 
innovation, and collaboration across disciplines 
which will strengthen the long-term relevance of 3D 
printing technology.

The rise of 3D printing technology has led to 
increased awareness of the impact that this 
technology has on the environment. Since we build 
three-dimensional objects through the processes 
of additive manufacturing (AM), we create less 
waste than traditional subtractive processes by only 
adding material where needed. However, both the 
amount of energy consumed during AM processes 
and the use of non-recyclable materials remain 
concerns. Creativity in producing recyclable and/or 
biodegradable materials, improving energy efficiency 
and minimizing the number of failed prints will help 
align 3D printing with global sustainability efforts. If 
these three factors can be addressed, then the benefits 
of AM will not change but rather help create a more 
sustainable manufacturing process.

Additive manufacturing in the future has a very 
bright future, it is expected to expand and innovate. 
Process control will improve through the use of 
artificial intelligence, machine learning, and real-
time monitoring; this means fewer defects and 
greater efficiency overall. The development of 
new materials, such as smart composites and bio-
materials, will expand the number of possible 
applications in different industries. Also, because 3D 
printing is becoming increasingly available to small 
and medium-sized businesses, new entrepreneurs, 
and educational institutions, manufacturing will 
be democratized and creativity will be driven to a 
higher level. As additive manufacturing continues 
its evolutionary process, it will probably converge 
with other technologies, i.e. robotics, the Internet of 
Things (IoT), and digital twins, leading to the creation 
of smart, connected, and automated production 
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systems.
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