International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

Comparative Analysis of 3D Printers, designing
a Custom Printer, and Developing Service
Engineering Skills in India

Aman Kumar!, Dr Kanika Jindal?

University School of Automation and Robotics (USAR)
GGSIPU (East Delhi Campus)
Abstract

The upsurge in 3D printing has without a doubt redefined manufacturing, prototyping, and designing at a
crazy scale in the world, and India cannot be spared from the gains of this technology. The present paper
makes a detailed break down of the available 3D printers suitable for commercial and industrial purposes
and compares them on the basis of various parameters namely print quality, build volume, speed, material
compatibility, and cost. Based on the merits and demerits of some of the well known examples like;
Creality Ender 3, Prusa i3 MK3S +, Bamboo Lab X1, ultmacker s5, raise3D pro2, the research seeks to
help businesses and individuals as to what printer best suits them.

Alongside the comparison of the existing models of 3D printers, this paper looks into the design and
construction of a 3D printer that would be designed specifically to suit certain applications. The discourse
reviews the criteria for choosing the various components, on structural design, motion systems, extruders,
control boards and also the expected costs on building a functional prototype. Given the nature of projects
which a custom built 3D printer can deal with, it can be economical as well as efficient.

In addition, with the increasing use of 3D printing by various sectors within India, the need for service
engineers who can install, maintain and fix these machines has increased tremendously. This paper
describes a training program designed for service engineers in India. It includes details on general
engineering principles, practical and field training, trouble shooting, and client interactions. The goal of
this effort is to prepare a workforce which will be able to sustain the burgeoning 3D printing ecosystem in
India and achieve the desired productivity and reliability a.

1. Introduction

3D printing is a well-known process 1 that adds material to a three-dimensional object in a layer format.
This process is also referred to as additive manufacturing. In CNC machining, for example, a given
material is cut from the larger body to take a definite shape; however painting a bulding is a process added
in a 3D. This unique property of the process makes designing and customizing the end product much easier
and helps to eliminate wastage of materials.

This technological tool made it possible to build not only items through 3D printing, but also has an
advanced prototyping systems within a short period of time. In the field of engineering manufacturing
processes, invariably 3D printing will add new production capability to those integrating CNC machining
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centers and Injection molding technology. Rapid changes and improvements in major production costs
benefits manufacturers such as mass producers of plastic toys.

E.g. 3D printing eliminates that restriction because the end products can have curved parts and shapes
which would be difficult to produce through other methods. Since it is a layer-by-layer technique, it also
means that in turn, there will be very little waste generated thus making it cheaper to carry out the operation
for smaller and customized work pieces. This helps companies to develop prototypes and make the actual
products more quickly and cheaply, which is especially important in creating one-of-a-kind designs or
intricate details.

Within a few decades of the introduction of 3D printing it has advanced with higher resolution, speed and
range of materials usage. As a result, aviation has lightweight components, medical instruments are made
tailored to the needs of a patient, and even goods for the end users are designed and manufactured in a
unique manner. In this paper, various facets of 3D printing technology will be analyzed and contrasted
with the review of different types of industrial 3D printers and designing a 3D printer of one's own.

2. Origins of 3D Printing

In the 20th century, no other invention affected the mankind more than technology did. With the advent
of computers in 1950s and internet in 1990s, the fundamental way of doing things has through a massive
changes. These technologies made our lives better, opened up new avenues and possibilities and gave us
a hope for the future. But it generally decades for an ecosystem to be built across a particular technology
to take it to masses and achieve the truly disruptive nature of that technology.

The story of 3D printing began in the 1980s, a time marked by rapid advancements in computer technology
and industrial automation. The first known 3D printing technology, stereolithography (SLA), was invented
by Charles Hull in 1984. Hull’s process involved using a UV laser to harden photopolymer resin layer by
layer, resulting in the first three-dimensional objects produced by 3D printing. This technique offered
precision and detail, setting the foundation for modern 3D printing. Hull later founded 3D Systems, a
company that remains one of the leading innovators in 3D printing today.

Shortly after SLA, another 3D printing technology known as Fused Deposition Modeling (FDM) was
developed by Scott Crump in 1988. Unlike SLA, which used photopolymers, FDM utilized thermoplastic
materials that were melted and extruded to form objects. This made FDM more accessible and affordable,
as it could use a range of plastics. Crump’s invention paved the way for consumer-level 3D printers, which
later became integral to the maker movement and home-based fabrication.

Other 3D printing technologies and processes also emerged during these years, namely Ballistic Particle
Manufacturing (BPM) originally patented by William Masters, Laminated Object Manufacturing (LOM)
originally patented by Michael Feygin, Solid Ground Curing (SGC) originally patented by Itzchak
Pomerantz and ‘three dimensional printing’ (3DP) originally patented by Emanuel Sachs. And so the early
nineties witnessed a growing number of competing companies in the RP market but only three of the
originals remain today — 3D Systems, EOS and Stratasys.

In the early years, 3D printing was primarily used for rapid prototyping. Automotive and aerospace
industries were among the first adopters, using 3D printing to create prototypes of complex components
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without the need for expensive tooling. This enabled engineers to test designs and make adjustments
quickly, reducing development times and costs.

3. Technological Advancements and New Techniques

As the demand for 3D printing grew, new techniques emerged, each offering unique advantages in terms
of materials, precision, and speed. One of the most significant advancements was Selective Laser Sintering
(SLS), which enabled the use of powdered materials, including metals and ceramics. Developed in the
1990s, SLS allowed for the creation of strong, durable parts that could withstand high temperatures,
making it ideal for aerospace and automotive applications.

Another significant advancement was the introduction of material jetting, which enabled multi-material
and multi-color printing. Unlike earlier methods that relied on single materials, material jetting could
deposit droplets of different materials in a single print, allowing for complex, functional parts with
embedded electronics, flexible joints, and intricate designs. This innovation broadened the scope of 3D
printing, opening possibilities for applications in consumer products and electronics.

Software advancements also played a crucial role in 3D printing’s evolution. The development of slicing
software, which converts 3D models into layers and instructions for 3D printers, made the process more
user-friendly and efficient. Improvements in design software, such as CAD and parametric modeling,
allowed designers to create complex geometries that were previously impossible to manufacture.

4. 3D printing process
4.1 SLA

Stereolithography (SL) is widely recognized as the first 3D printing process. It was certainly the first to
be commercialized. SL is a laser-based process that works with photopolymer resins that react with the
laser and cure to form a solid in a very precise way. It is a complex process but simply put the
photopolymer resin is held in a vat with a movable platform inside. A laser beam is directed in the X-Y
axes across the surface of the resin according to the 3D data supplied to the machine (the .stl file), whereby
the resin hardens precisely where the laser hits the surface. Once the layer is completed, the platform
within the vat drops down by a fraction (in the Z axis) and the subsequent layer is traced out by the laser.
This continues until the entire object is completed and the platform can be raised out of the vat for removal.
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4.2 DLP

hotopolymer

Light Source

DLP (Digital Light Processing) is a similar process to stereolithography in that it is a 3D printing process
that works with photopolymers. The major difference is the light source. DLP uses a more conventional
light source, such as an arc lamp with a liquid crystal display panel, which is applied to the entire surface
of the vat of photopolymer resin in a single pass, generally making it faster than SL.

4.3 Laser sintering and laser melting
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Laser sintering and laser melting are interchangeable terms that refer to a laser based 3D printing process
that works with powdered materials. The laser is traced across a powder bed of tightly compacted
powdered material, according to the 3D data fed to the machine, in the X-Y axes. As the laser interacts
with the surface of the powdered material it sinters, or fuses, the particles to each other forming a solid.
As each layer is completed the powder bed drops incrementally and a roller smoothens the powder over
the surface of the bed prior to the next pass of the laser for the subsequent layer to be formed and fused
with the previous layer. The build chamber is completely sealed as it is necessary to maintain a precise
temperature during the process specific to the melting point of the powdered material of choice. Once
finished, the entire powder bed is removed from the machine and the excess powder can be removed to
leave the ‘printed’ parts. One of the key advantages of this process is that the powder bed serves as an in-
process support structure for overhangs and undercuts, and therefore complex shapes that could not be
manufactured in any other way are possible with this process. However, on the downside, because of the
high temperatures required for laser sintering, cooling times can be considerable.

4.4 Extrusion /FDM/FFF
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3D printing utilizing the extrusion of thermoplastic material is easily the most common and recognizable
3DP process. The most popular name for the process is Fused Deposition Modelling (FDM). However this
is a trade name, registered by Stratasys, the company that originally developed it. Stratasys’ FDM
technology has been around since the early 1990°s and today is an industrial grade 3D printing process.
However, the proliferation of entry-level 3D printers that have emerged since 2009 largely utilize a similar
process, generally referred to as Freeform Fabrication (FFF), but in a more basic form due to patents still
held by Stratasys. The earliest RepRap machines and all subsequent evolutions employ extrusion
methodology. However, following Stratasys’ patent infringement filing against Afinia there is a question
mark over how the entrylevel end of the market will develop now, with all of the machines potentially in
Stratasys’ firing line for patent infringements.

The process works by melting plastic filament that is deposited, via a heated extruder, a layer at a time,
onto a build platform according to the 3D data supplied to the printer. Each layer hardens as it is deposited
and bonds to the previous layer. Stratasys has developed a range of proprietary industrial grade materials
for its FDM process that are suitable for some production applications. At the entry-level end of the market,
materials are more limited, but the range is growing. The most common materials for entry-level FFF 3D
printers are ABS and PLA. The FDM/FFF processes require support structures for any applications with
overhanging geometries. For FDM, this entails a second, water-soluble material, which allows support
structures to be relatively easily washed away, once the print is complete. Alternatively, breakaway support
materials are also possible, which can be removed by manually snapping them off the part. Support
structures, or lack thereof, have generally been a limitation of the entry level FFF 3D printers. However,
as the systems have evolved and improved to incorporate dual extrusion heads, it has become less of an
issue.

4.5 Binder jetting: Where the material being jetted is a binder, and is selectively sprayed into a powder
bed of the part material to fuse it a layer at a time to create/print the required part. As is the case with other
powder bed systems, once a layer is completed, the powder bed drops incrementally and a roller or blade
smoothens the powder over the surface of the bed, prior to the next pass of the jet heads, with the binder
for the subsequent layer to be formed and fused with the previous layer. ! Advantages of this process, like
with SLS, include the fact that the need for supports is negated because the powder bed itself provides this
functionality. Furthermore, a range of different materials can be used, including ceramics and food. A
further distinctive advantage of the process is the ability to easily add a full color palette which can be
added to the binder.
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5. Ciriteria for Comparison
Print Quality and Resolution:

Print Quality is a measure of how detailed a 3D printer can get which is a key concern in areas
such as prototyping where a well-defined structure is inevitable.

Resolution defines how much the printer can move in the X, Y and Z direction and is mostly
expressed in microns. Finer resolution translates to better textures and smoother surfaces.

5.1 . Build Volume:

o This is the maximum size that a printer can create in one print. Build volume is measured
in length, width, and height (usually in millimeters or inches) and is essential for larger
projects, particularly in industrial applications.

5.2 Speed and Efficiency:

Speed is how quickly a printer can lay down material to create an object. Faster speeds can
increase productivity but may reduce the quality of the final print.

Efficiency refers to how well the printer balances speed and print quality, which is crucial in
production settings where time and quality are both priorities.

5.3 Material Compatibility:

This is the range of materials a printer can use, such as PLA (a biodegradable plastic), ABS
(strong and durable plastic), PETG (flexible and strong), and other specialized filaments like
metal-infused or flexible materials. The more materials a printer supports, the more versatile it
is.

5.4 Cost (Initial and Operational):
Initial Cost is the upfront price of purchasing the printer.

Operational Costs include expenses over time, such as the cost of materials (filaments),
electricity, maintenance, and repairs.

5.6 Software Support:

Software Support refers to the compatibility of the 3D printer with slicing software—
programs that convert 3D models into instructions (G-code) for the printer. Popular slicing
software includes Fusion 360, Simplify3D, and PrusaSlicer. Good software support ensures
smoother workflows and ease of use.
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5.7 After-Sales Support and Warranty:

This refers to the help available from the manufacturer after purchase, including warranty
coverage, availability of spare parts, and technical support. Strong after-sales support is
essential, especially in regions like India, where getting parts or technical help can sometimes
be challenging.

2. Comparison Table:

Criteria

Print Quality

and Resolution

Build Volume

Speed and
Efficiency

Material
Compatibility

Cost (Initial
and

Operational)

Creality Ender
3

Moderate
(100-400

microns)

220 x 220 x
250 mm

Moderate (up
to 60 mm/s)

PLA, ABS,
PETG, TPU

Low initial cost:
low to
moderate

maintenance

Prusa i3
MK3S+

High (50-200

microns)

250x 210 x
210 mm

Moderate (up
to 60 mmy/s)

PLA, ABS,
PETG, TPU,
Nylon

Moderate
initial cost; low

maintenance

Bamboo Lab
X1

Very High (25-

200 microns)

256 x 256 x
256 mm

High (up to
300 mm/s)

PLA, ABS,
PETG, TPU,
Carbon Fiber
High initial
cost; moderate

maintenance

Ultimaker S5

High (20-200

microns)

330 x 240 x
300 mm

Moderate (up
to 60 mmy/s)

PLA, ABS,
Nylon, TPU,
PVA

Very high
initial cost; low

maintenance

Raise3D Pro2

Very High (10-

200 microns)

305 x 305 x
300 mm

High (up to
150 mm/s)

PLA, ABS,
PETG, TPU,

Nylon, more

Very high
initial cost;
moderate

maintenance

Software Basic slicers PrusaSlicer, Bambu Studio, Ultimaker ldeaMaker,
Support (Creality Slicer) Simplify3D, Cura, Cura, Fusion Simplify3D,
Fusion 360 Vv PrusaSlicer 360 Cura

After-Sales Limited Excellent Good Strong Strong

Support and warranty; basic warranty and warranty; warranty; warranty;

Warranty support support moderate extensive moderate

support support support
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Figure 1 creality ender 3

Figure 3 ultimaker s5

Figure 2Bamboo lab A1 mini

6. Designing a Custom 3D Printer
Purpose of Customization:
« Customization allows a printer to be designed specifically for unique demands, such as achieving
precise design requirements, reducing costs, or producing a machine with specific capabilities that
may not be available in commercial models.

Components and Features

1. Frame Design and Structure:
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o Frame: The physical structure or skeleton of the printer, often made from materials like
metal or plastic.
o Metal Frames offer durability and stability, while Plastic Frames may be lighter and
cheaper.
2. Motion System:
o The Motion System controls the movement of the print head or platform.
o Lead Screws: Mechanical rods that provide precise control, often used for the Z-axis.
o Belts: Rubber or plastic belts are commonly used on the X and Y axes for faster movement.
o Linear Rails: Guide rails for smooth and precise movement, especially for high-precision
prints.
3. Extruder and Hotend Assembly:
o Extruder: Feeds the filament into the hotend for printing.
= Direct Drive extruders push filament directly into the hotend, allowing better
control, especially for flexible filaments.
= Bowden Extruders use a tube to guide filament to the hotend, making the print
head lighter and faster.
o Hotend: The part that melts the filament, allowing it to be extruded. High-temperature
hotends enable printing with a wider variety of materials.
4. Build Platform and Heating Elements:
o Build Platform: The surface on which the print is created. Some are heated beds, which
help improve adhesion and reduce warping.
o Sensors for Leveling: Sensors automatically adjust the bed level, ensuring even layers and
reducing the chance of print failure.
5. Electronics and Control Boards:
o Control Boards manage the printer’s operations. Popular choices include Duet3D and
SKR boards, which support advanced features and allow customization.
o Firmware: The software that runs on the control board to manage functions. Firmware
options include Marlin, RepRapFirmware, etc.
6. User Interface and Software:
o The User Interface (Ul) can be customized with a touchscreen or simple display, making
the printer easier to operate and control.

7 . Prototype Development and Testing:

e Prototype Development involves creating an initial version of the custom printer.
e Testing includes verifying parts, making adjustments, and calibrating to ensure the printer
functions as expected.

8, Cost Analysis and Budgeting:

e A detailed estimate of expenses related to building a custom printer, such as material costs (frame,
electronics), labor, and testing costs.
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9.. Training Program for 3D Printer Service Engineers in India
Need for Specialized Training:

o Skilled Service Engineers are essential to set up, troubleshoot, and maintain 3D printers,
especially in industrial settings where uptime and reliability are crucial.

Curriculum Qutline

1. Introduction to 3D Printing:
o Covers the basics of 3D printing technology and common types:
= FDM (Fused Deposition Modeling): Builds objects by melting and layering
filament.
= SLA (Stereolithography): Uses a UV laser to cure liquid resin into solid layers.
= SLS (Selective Laser Sintering): Uses a laser to sinter powder material layer by
layer.
2. 3D Printer Hardware and Software:
o In-depth study of 3D printer components (e.g., extruders, build plates) and slicing software
used to prepare 3D models for printing.
3. Common Troubleshooting Techniques:
o Diagnosing issues such as:
= Layer Shifting: Misalignment of layers during printing.
= Extrusion Problems: Issues with filament flow.
= Bed Adhesion: Ensuring the print sticks to the build plate.
4. Maintenance Protocols:
o Routine maintenance for components like belts, bearings, and hotends to keep printers
functioning smoothly.
5. Safety Standards and Best Practices:
o Guidelines for safe handling of printers, including dealing with high temperatures,
electrical components, and proper ventilation.
6. Customer Support and Communication SKills:
o Training on how to effectively answer customer questions, provide support, and
troubleshoot common issues remotely or in person.

Hands-on Training:

Practical experience with various printer models, including assembly, disassembly, and repair techniques.
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10. This is the Expansion of 3D Printing Applications

As 3D printing technologies matured, they expanded beyond prototyping to include applications in various
industries, each with unique needs and challenges.

10.1 Healthcare and Biomedical Applications

One of the most impactful applications of 3D printing has been in healthcare. Surgeons use 3D-printed
models of organs for pre-surgical planning, which improves outcomes in complex procedures. Custom
prosthetics and implants, tailored to fit an individual’s anatomy, are another significant application,
reducing the risk of complications and improving patient comfort. Bioprinting, which involves creating
tissue-like structures from cells, is an emerging area with the potential to revolutionize medicine by
enabling the creation of tissues and possibly even organs.

10.2 Manufacturing and Mass Customization

The ability to customize products has made 3D printing an attractive option for manufacturers. Unlike
traditional manufacturing, where economies of scale are achieved through mass production, 3D printing
allows for mass customization, where each product can be tailored to specific customer requirements
without significant increases in cost. This has made 3D printing popular in the fashion and footwear
industries, where brands like Adidas and Nike use it to create custom shoe soles and prototypes.

10.3 Aerospace and Automotive Industries

In industries where lightweight, high-strength components are essential, 3D printing has enabled
significant advancements. Aerospace companies like Boeing and Airbus have used 3D-printed parts in
commercial aircraft, reducing weight and improving fuel efficiency. In the automotive industry,
manufacturers use 3D printing for both prototyping and production of lightweight parts, which contribute
to overall vehicle performance.

10.4 Construction and Architecture

Large-scale 3D printers are now used to construct buildings, offering the potential for affordable, quickly
built housing solutions. These printers can work with concrete and other building materials, creating
structures layer by layer. This technology has been employed in projects aimed at providing low-cost
housing in regions with housing shortages.

10.5 The Rise of Desktop 3D Printing and Maker Culture

The RepRap project, an open-source initiative launched in 2005 by Adrian Bowyer, played a pivotal role
in democratizing 3D printing. RepRap's mission was to create a self-replicating 3D printer that could print
most of its own components. This open-source approach enabled hobbyists and innovators to experiment
with 3D printing without the high costs associated with commercial machines.

Desktop 3D printers became more affordable, and companies like MakerBot capitalized on this trend,
introducing user-friendly printers for home and small business use. These printers became popular in
schools and libraries, where they introduced students to hands-on learning and sparked interest in STEM
fields.
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11 . challenges and Limitations
Despite its many advantages, 3D printing faces technical, economic, and regulatory challenges.
Technical Limitations

Current 3D printing technologies have limitations in terms of material strength, surface finish, and speed.
For instance, FDM printers often produce parts with visible layer lines, which may not be suitable for
high-precision applications.

11.1 Economic and Environmental Impact

While 3D printing can reduce waste compared to traditional manufacturing, it still has environmental
drawbacks. Many consumer-grade printers rely on plastic filaments, contributing to plastic waste. The
energy consumption of 3D printers, especially those that work with metal, can also be high.

11.2 Regulatory and Safety Issues

With the potential for bioprinting organs and tissues, 3D printing presents ethical and regulatory
challenges. Additionally, the ability to 3D print functional weapons has raised concerns about safety and
regulation.

11.3 4D Printing and Smart Materials

4D printing involves materials that can change shape or properties over time, potentially enabling adaptive
structures. This technology has applications in fields like medical devices and adaptive architecture.

11.4 AI-Enhanced Design and Manufacturing

Al can optimize 3D printing processes by predicting material behavior and improving design efficiency.
Machine learning algorithms are being developed to assist with part orientation, support generation, and
material selection.

Conclusion

The study presented in this paper deals with the influence of 3D printing on the operations of different
sectors. As a form of additive manufacturing, 3D printing facilitates the development of intricate designs
and personalized goods. This method helps in minimizing the material wastage and is economical for both
mass and small scale production.

In India, the 3D printing industry is comparatively new but has been experiencing an expanded growth
with more players in industries such as aerospace, healthcare and automotive adopting the technology.
Organizations are trying more aggressive ways of increasing efficiency and lowering costs. It becomes
imperative for companies to analyse various types of commercial 3D printers available in the market to
determine the most appropriate one for their organization, as well as the need for specific tailored
solutions.

The study of many 3D printers for example Creality Ender 3 and Ultimaker S5 reveals that each of them
has pros and cons. The type of printer will be dependent on aspects such as quality of the prints, the speed
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of printing and the options for materials. Certain industries may also require assitance from custom made

printers.
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